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Abstract 
 

 

 Sand dunes record paleoclimatic change within their stratigraphy as they respond to 

climatic shifts through sequences of activation and stabilization. Developing chronologies 

documenting periods of dune activity and stabilization can thus provide information about past 

climatic conditions. Consequently, the need for accurate chronological determinations of aeolian 

features has stimulated the advancement of dating techniques. In Alaskan sand dune settings, 

radiocarbon dating of organic material and optical dating of quartz grains have proven to be 

problematic due to insufficient organic material and a weak optical signal, respectively. In such 

cases, feldspar grains can be dated using Infrared Stimulated Luminescence (IRSL) dating, but 

are often avoided due to inherent anomalous fading that results in age underestimation. The lack 

of a viable dating technique has resulted in a paucity of chronostratigraphic Alaskan dune 

studies, particularly within central Alaska. This research tests the use of a post-infrared (pIR) 

IRSL protocol, specifically designed to limit the effects of anomalous fading, on the Nenana 

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

activity occurred as far back as ~16 ka for the Nenana dunes, as deglaciation of the surrounding 

area provided an influx of sediment into glacial streams throughout the Tanana River Lowlands. 

IRSL ages indicate a switch from sand to silt accumulation between 11 ka and 10 ka and 

stabilization of the dune field that is likely tied to the spread of boreal forest throughout the 

region around this time. These 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 Holocene. This research represents one of the first IRSL sand dune studies 
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of central Alaska and supports further use of a pIR IRSL protocol to expand aeolian research 

within Alaska.  
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 Introduction  

 

The field of Quaternary geomorphology has directed a large portion of its research 

towards developing chronologies of sedimentary deposits as effects of global climate change 

become more widely recognized by the scientific community and the general public. Examining 

periods of formation or alteration of sedimentary features, such as sand dunes, reveals 

information about past environmental conditions. For example, a shift toward a drier climate, as 

seen at the end of the Pleistocene, can reduce vegetative cover and, with sufficient wind 

velocities, induce the mobility of sediment and thus dune formation or reformation. Such interest 

regarding past environments generates the 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 stabilization (Lancaster, 1995; Wolfe et al., 

2011). Their formation requires 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 availability, for example, instigates sand 

mobilization and the formation of dunes. Meanwhile, a decrease in sediment availability results 

in a decrease in dune field area and an increase in dune stability (Lancaster, 2009). These three 

primary factors are driven by alterations in climate, vegetative coverage, and sediment source 

(Lancaster, 1995). By identifying when past changes in dune activity occurred, one can infer that 

a change to any of these factors may have resulted in the change seen in dune activity. 

Developing accurate chronologies documenting periods of formation and stabilization leads to an 
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understanding of the regional evolution of an aeolian landscape by using aeolian features as 

indicators of past changes in climate.  

Numerous chronometric dating techniques have been developed to date sediment, 

radiocarbon being among the most widely used; however, problems arise with radiocarbon 

dating when insufficient organic material exists within the sediment, which is typically the case 

with aeolian sand deposits.  Accordingly, the application of a non-carbon-based dating method is 

often needed. In the mid-1980s, significant advances in the field of particle dating resulted in the 

technique of luminescence dating, which enabled aeolian deposits to be dated directly. 

Luminescence dating greatly enhanced the capabilities for building more precise chronologies of 

aeolian landforms and extended the dating range capabilities from around 50,000 years via 

radiocarbon dating to greater than 1,000,000 years, in some cases, with luminescence dating 

(e.g., Pickering et al., 2013; Arnold et al., 2014). Since its debut, luminescence dating continues 

to expand the capabilities of sediment dating and has been extensively used for determining the 

chronologies of aeolian landforms. 

Luminescence dating estimates the time since 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). The method measures the natural buildup of 

radiation over time that is contained within sediment crystal lattices and is based on the concept 

that the luminescence signal is reset, or ñbleached,ò when the sediment grains are exposed to 

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 of aeolian activity. Another advantage of using luminescence dating with aeolian 

deposits is that it requires ample sediment exposure to sunlight, which aeolian grains typically 
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experience during wind transport. Additionally, luminescence analysis generally uses quartz or 

feldspar grains, which are abundant in most aeolian deposits. Luminescence dating has been used 

to study aeolian systems across Europe, North America, and Asia but much remains to be studied 

in some of the most critical areas of concern with current climate change.  

High-latitudes areas, such as Alaska, are particularly sensitive to changes in climate. 

While geomorphic system processes that link high-latitude ecosystem responses to climatic 

changes are not fully understood, moisture is suggested to play an important role within these 

regions (Hinzman and Kane, 1992). Within interior Alaska, permafrost is prevalent (Péwé, 

1965), and changes in temperature can cause flux in depth to permafrost, which directly affects 

sediment availability. Despite 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 throughout most of Alaska. Part of this has to do with 

difficulty of access: in addition to being remote, many interior dune fields are located within 

marshy lowlands and are not easily accessible by foot or all-terrain vehicles. But even in those 

areas with access, a lack of viable dating techniques has contributed 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 (Pietsch et al., 2008; Rhodes, 2011). Luminescence 

studies have documented low quartz OSL sensitivity in areas including the Himalaya region 

(Rhodes and Pownall, 1994), the New Zealand Alps (Preusser et al., 2006), and Peru (Steffen et 
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al., 2009). While this phenomenon remains understudied, the cause of the weak signal is 

currently attributed to a short lifetime of the sedimentary particles (i.e., inadequate ósediment 

cyclingô), which relates to a lack of ñtrapsò in the mineral crystal structure. Similarly, OSL 

dating of quartz minerals found within aeolian deposits of Alaska and western Canada has 

yielded dim luminescence signals (Munyikwa et al., 2011; Johnson et al., 2012; Reuther, 2013). 

In such cases, feldspar grains can be dated using Infrared Stimulated Luminescence (IRSL) 

dating, but have been avoided in the past due to the inherent signal fading, or óleakingô of stored 

radiation that often occurs. This anomalous fading (Wintle, 1973) often affects IRSL samples, 

and, if unaccounted for, can result in ages that are too young for the 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.g., Huntley and Lamothe, 2001; Auclair et al., 2003; Thomsen et 

al., 2008), including a recent protocol from Buylaert et al. (2009) that uses post-IR (pIR) IRSL 

analysis in an effort to limit the effects of anomalous fading. Roberts (2012) tested the potential 

of using this p-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 from sand dune deposits of 

the Wood River dune field within central Alaska (Johnson et al., 2012). Both studies serve as 

impetus for this research to continue testing the potential of a p-IR protocol to expand aeolian 

research within central Alaska. 

 This research investigates the chronology of dune deposits within the Nenana dune field 

of central Alaska using a pIR IRSL protocol (following Buylaert et al., 2009). Specifically, the 

sampling strategy aims to capture maximum- and minimum-limiting ages of aeolian activity 
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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 et al., 2012). This research serves to address the following objectives: (1) to determine 

maximum- and minimum-limiting ages of aeolian activity and stabilization of the Nenana dune 

field; (2) to further test the use of a post-IR IRSL protocol for capturing aeolian activity within 

the Nenana dune field; and (3) to 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 study (Johnson et al., 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 context. This research also includes a broad 

discussion of the timing of Nenana dune activation and stabilization within a paleoenvironmental 

context, referencing regional proxies primarily related to aeolian activity, 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, fluvial, and aeolian 

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 availability (Kocurek and Lancaster, 1999). This 

relationship occurred during 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, 
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current GCMs have predicted future warming of these areas (Dyke et al., 2003) that will likely 

cause changes to the landscape. Given the sensitivity of these high-latitude regions to climatic 

changes, chronological 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 the continued development of luminescence techniques would allow for further 

dating of aeolian deposits within central Alaska. Development of luminescence techniques is 

particularly important where the use of other dating techniques, including OSL and radiocarbon 

dating, are not viable. Where quartz suffers from low sensitivity, as has been observed in 

glaciogenic regions, feldspar dating 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 high-latitude aeolian settings globally that face similar issues. This research is significant in 

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 river valleys, have 

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 within central Alaska, 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 occupation and association with aeolian environments 

throughout central Alaska, as well as possible insight for future researchers into use of aeolian 
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landscapes for prehistoric peoples (e.g., hunting lookouts), proximity to resources, and timing of 

inhabitance. 

 The significance of aeolian research within the Arctic region is substantial in relation to 

understanding paleoenvironmental conditions and the relationships between geomorphic 

systems. This research aims to expand what limited information is known about the isolated 

deposits of the Nenana dunes within the TRL. Use of a pIR protocol makes this research one 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 lead to an increased 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 regarding 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. 
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 Background 
 

 

2.1 Aeolian Deposits of Northwest North America 

 The following introduces the primary aeolian deposits throughout Alaska and western 

Canada (including the Yukon, Northwest Territories, and Alberta) and provide notable examples 

of studies focusing on these aeolian deposits. This section of the background will close with a 

discussion of the timing of regional aeolian activity of central Alaska and northwest Canada 

during the Late Pleistocene and early Holocene within a paleoenvironmental context. 

 Aeolian deposits, including sand dunes, sand sheets, and loess, are prevalent throughout 

Alaska (Péwé, 1975; Hopkins, 1982) (Fig. 2.1). During the last glacial period, 30,000 km2 of 

northern Alaska were comprised of aeolian sand sheets and dunes (Hopkins, 1982; Lea and 

Waythomas, 1990). Aeolian sands and silts span 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, 1982). Some of the primary aeolian deposits 

consist of the Great Kobuk Sand Dunes (GKSD) and Little Kobuk Dunes of the Kobuk Valley, 

the Arctic Coastal Plains in northern Alaska, the vast Kantishna sand sea, and extensive loess 

deposits prevalent throughout central Alaska.  

 Northern and central Alaskan aeolian deposits have received the majority of attention 

(Lea, 1990), likely due to the extent of the GKSD and the presence of extensive loess deposits 

near Fairbanks that have been researched in great detail (Péwé, 1975; Muhs et al., 2003). 

Partially stabilized dune fields in central and northern Alaska cover more than 30,000 km2 

(Péwé, 1975; Hopkins, 1982). Within central Alaska, aeolian deposits include the Nogahabara 



9 

 

 

dunes in the lower Koyukuk Valley, the Kantishna sand sea, and those within the Nenana and 

Tanana river valleys. 

 

Figure 2.1. Expanse of aeolian deposits of Alaska. Red box indicates study area (data from Wolfe et al., 2009).  

 

 The Fairbanks loess belt is comprised of several widespread loess deposits located near 

Fairbanks, notably the Gold Hills loess (Péwé, 1975) (Fig. 2.2). Since Péwéôs initial surficial 

mapping (1955), Alaskan loess deposits have served in numerous studies, including stratigraphic 

studies (e.g., Muhs et al., 2003), magnetism (e.g., Vlag et al., 1999; Lagroix and Banjeree, 2002, 
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2004; Jensen, 2013), and chronological studies using primarily radiocarbon dating and some 

thermoluminescence (TL) and infrared stimulated luminescence (IRSL) dating of the loess 

straddling the Old Crow tephra (Westgate et al., 1990; Preece, 1991; Preece et al., 1999) found 

near Fairbanks (e.g., Berger et al., 1994, 1996). These locations are useful in that they are 

relatively continuous deposits that contain paleosols and several tephra beds that have been dated 

back to 142 k cal yrs BP (Berger, 2003).  
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Figure 2.2. Expansive Gold Hills loess bluffs. These exposures are located approximately 3 km west of Fairbanks 

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 multi-cyclic dunes that cover approximately 12,950 km2 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, but it is believed to be extensive throughout northern Alaska 

(Black, 1951). Ages of most of the Coastal Plain aeolian features are unknown but are believed 

to have been formed in a warmer climate (Carter and Robinson, 1978). Smaller aeolian ridges 

occur south of the coastline, including the Kealok Creek exposure believed to be Holocene in age 

(Carter and Robinson, 1978). The coastal plain, an area of oriented lakes and dunes, is favorable 

for aeolian activity due to high winds, low relief, and an abundance of sand and silt, but 

permafrost and vegetation currently hinder complete aeolian activation (Black, 1951). The 

Kobuk Valley of northwest Alaska consists of about 650 km2 of primarily stabilized aeolian sand 

deposits (Fernald, 1964; Hamilton et al., 1984). The GKSD extend for 62 km2, and the Little 

Kobuk dunes cover an area of 8 km2, and both dune fields are active (Dijkmans and Koster, 

1990). Silt and sand deposits of the central Kobuk Valley were derived mainly from sandy till 

and glacial outwash redeposited by glaciolacustrine, alluvial, and aeolian processes following the 

Pleistocene glaciations (Dijkmans and Koster, 1990). The GKSD were previously more 

extensive than they are today (e.g., Fernald, 1964; Hamilton et al., 1984), with episodes of 

expansion, inactivity, and a subsequent reduction in size throughout the Holocene, a trend 

controlled largely by changes in effective moisture (Mann et al., 2002). 

 In southwestern Alaska, Pleistocene aeolian sand sheet deposits and sand-loess 

intergrades are exposed within the Nushagak, Holitna and Kuskokwim lowlands (Lea, 1990). 

These areas served as depositional basins during the Pleistocene glaciations and were primarily 

sourced by sand and silt deflating from the Kuskokwim and Nashagak River floodplains (Lea, 
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1990). In these lowlands, the presence of sand sheet deposits, rather than dune 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 are the largest extent of aeolian deposits, covering 

over 40,000 km2 across Alberta, Saskatchewan and Manitoba (Halfen et al., 2015). Aeolian 

deposits also occur within the Yukon (e.g., Wolfe et al., 2011), Northwest Territories (Bateman 

and Murton, 2006; Murton et al., 2007) and Alberta (e.g., Muhs and Wolfe, 1999; Wolfe et al., 

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 significance of 

aeolian deposits within the Yukon Province, and they provided a first attempt at mapping the 

aeolian deposits of central and southern Yukon, which consist of inland sand dunes, sand sheets, 

lakeshore and riverside dunes, and cliff-top aeolian deposits, including loess. Using IRSL 

analysis, Wolfe et al. (2011) concluded that the Whitehorse and Rusty Creek dune fields both 

indicate maximum-limiting ages of stabilization between 9 ka and 8.5 ka. Stabilization is 

attributed to the spread of boreal forest between 10 ka and 9 k cal yrs BP (Ager and Brubaker, 

1985; Dyke, 2005) and coincides with cooler, moister climatic conditions following the 

Holocene Thermal Maximum (HTM) (Wolfe et al., 2011). 

 Sand dunes of Alberta primarily consist of parabolic and some transverse dunes (David, 

1977; Wolfe et al., 2004; Munyikwa et al., 2011). The majority of dunes are currently stabilized 

and are shown to have been active between 15 ka and 14 ka through luminescence dating of 

quartz and feldspar grains taken from the top portions of dune stratigraphy (Wolfe et al., 2004; 

Munyikwa et al., 2011). Dune stabilization occurred in a time-transgressive manner from central 

Alberta into northeastern Saskatchewan following the establishment of boreal forest after ~11.4 
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ka (Dyke et al., 2004) and decreased wind strength and do not suggest subsequent reactivation 

(Wolfe et al., 2004). In contrast, some dunes of the southern Canadian prairies, experienced 

periods of reactivation during the mid-Holocene (e.g., Muhs and Wolfe, 1999; Lian et al., 2002; 

Wolfe et al., 2004).  

 Within the Tuktoyaktuk Coastlands of the Northwest Territories, luminescence dating 

was used to establish aeolian activity spanning 30ï8 ka across the same area (Bateman and 

Murton, 2006; Murton et al., 2007). Subsequently, the landscape transitioned from dune to sand 

sheet aggradation until stabilization after ~8 ka that resulted from a climatic transition from cold, 

arid conditions to cooler, moister conditions (Bateman and Murton, 2006). In turn, cooler, 

moister conditions led to a change from herb tundra to shrub tundra vegetation (Dyke, 2005). 

 While many of the aeolian deposits of western Canada are separated geographically from 

central Alaska (e.g., northern Great Plains), similarities exist between the timing of aeolian 

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 Sheet (Wolfe et al., 2004; Munyikwa et al., 

2011). Halfen et al. (2015) constructed a conceptual sediment-state history of the boreal dune 

fields of Canada that highlights periods of high to low potential for dune building within the 

context of sediment availability, 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 proglacial 

lakes immediately and contemporaneously following deglaciation (16ï13 ka). A lagged influx of 

sediment supply sustained dune activity following the retreat of the Laurentide Ice Sheet to the 

east, but was initially influenced by limited sediment availability during a shift to tundra-shrub 
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vegetation and replacement of glacial winds by the Pacific air mass (~13 to 11 ka). Aeolian 

activity became limited by sediment availability and transport capacity beginning around 9 ka 

and extending through the present, which culminated in vegetated, stabilized dune fields 

throughout the boreal ecozone of western Canada (Halfen et al., 2015). 

 

2.1.1 Summary of Regional Aeolian Activity 

While some areas exhibit aeolian activity within central Alaska prior to the LGM, (e.g., 

Hopkins, 1982; Muhs et al., 2003), the majority of regional aeolian activity within central Alaska 

and western Canada during the Late Quaternary seems to have occurred between the Last Glacial 

Maximum (25ï20 ka) and the beginning of the Holocene Thermal Maximum (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. 

 

2.1.1.1 Last Glacial Maximum (25 to 20 ka) 

 The LGM (25ï20 ka) in central Alaska was characterized by cold, dry, and windy 

conditions (Hopkins, 1982; Thorson and Bender, 1985). Glacial conditions led to significant 

changes of the landscape of interior Alaska, as large amounts of silt and sand were produced by 

massive alluviation occurring as rivers were choked with glacial sediment (Reuther, 2013). The 

glacial landscape created strong katabatic winds blowing off of the ice that may have helped 

create higher aridity within the region (Thorson and Bender, 1985; Bateman and Murton, 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 

permafrost-dominated landscape, snow cover, and an increase in groundwater levels (Lea and 
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Waythomas, 1990). Radiocarbon ages suggest the limited sediment supply primarily resulted in 

sand sheet deposition during the LGM, rather than sand dune formation (Lea and Waythomas, 

1990), although there is some evidence of dune formation occurring between 25 k cal yrs BP and 

16 k cal yrs BP in the Shaw Creek Flats area and Upward Sun River Site (USRS) terrace 

(Reuther, 2013). Similarly, dune building within the central Kobuk Valley of northwest Alaska 

occurred beginning ~24 k cal yrs BP was attributed to an abundant sediment supply from glacial 

erosion and river alluviation of the Kobuk River (Hamilton et al., 1984, 1988; Dijkmans 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 the interglacial 

phase. 

 

2.1.1.2 Late Glacial Transition (16 to 11 ka) 

 Transition between the Late Glacial and early Holocene periods was marked by 

significant environmental change within interior Alaska and the surrounding areas. The 

Pleistocene deglaciation spanning 16.6 ka and 11.6 ka was accompanied by warmer temperatures 

and increased moisture (Hopkins, 1982; Edwards et al., 2001). Deglaciation included the retreat 

of the Laurentide Ice Sheet and Cordilleran Ice Sheets, which released massive amounts of 

freshwater into the ocean and brought about ~30-m rise in sea level between 18 ka and 15 ka 

(Manley, 2002). As the ice sheets melted, the regional air masses shifted, bringing increased 

moisture to interior Alaska as moist, coastal air masses were no longer blocked by the ice. 

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

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



17 

 

 

 Deglaciation also brought the influx of glaciofluvial sediment into the braided stream 

systems feeding into the surrounding Nenana and Tanana floodplains (Fig. 2.3). Warmer 

temperatures and deeper thaws increased sediment supply during the Late Pleistocene to Early 

Holocene transition, and aeolian activity appears to have been widespread during this phase 

across Alaska and western Canada (e.g., Dilley, 1998; Wolfe et al., 2004, 2011), possibly as a 

result of this increased sediment supply. Within the Tanana River Lowlands (TRL), Wood River 

luminescence ages indicate that dune formation occurred as long ago as ~15.5 ka and likely 

continued until ~9.6 ka (Johnson, et al., 2012).  
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Figure 2.3. Deglaciation of interior Alaska between 17 ka and 10 ka (data from Dyke et al., 2003). 
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 There remains some discrepancy regarding paleowinds during this time of widespread 

aeolian activity across the TRL. Péwé (1965) hypothesized that winds during the Late Glacial 

were coming from the southwest. Based on shape, orientation, and distribution of the dunes 

throughout the Kantishna sand sea that date to ~11 k cal yrs BP (Lea, 1996), Collins (1985) 

argued that winds from the northeast must have formed the dunes. However, the loess north of 

Fairbanks, which Muhs and Budahn (2006) identified as primarily sourced from the Tanana 

River, is believed to have formed during the Late Glacial or early Holocene and would have 

required winds from the southwest in order to deflate aeolian silt from the Tanana River into the 

uplands. As the ice sheets retreated, it is possible that katabatic winds originating from the 

Alaska Range to the south could have been responsible for depositing the Fairbanks loess 

(Thorson and Bender, 1985; Muhs and Budahn, 2006). While the exact orientation of paleowinds 

during the Late Glacial remains unknown, evidence exists for both northeasterly 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 affecting 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 activity throughout the TRL, as well as further paleowind and sourcing research in order 

to better understand the complicated nature of these periglacial landscapes. 

 Around 14 ka, proxy data indicate wetter and potentially warmer conditions 

(Finkenbinder et al., 2014). A rise in lake levels suggests that ~14ï13 ka experienced increased 

effective moisture and warmer temperatures (Abbott et al., 2000; Bigelow and Edwards, 2001; 

Graf and Bigelow, 2011). The vegetation also experienced a shift from herb-tundra vegetation 
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around this time, which had previously dominated the central Alaskan landscape, to a prevalence 

of shrub-tundra, dominated by birch (Bigelow and Powers, 2001; Anderson et al., 2004; Graf and 

Bigelow, 2011). Several radiocarbon records from multiple archaeological sites within the 

Tanana and Nenana river valleys date artifacts found within loess profiles at 14ï11 k cal yrs BP, 

which supports evidence for aeolian activity occurring during the Late Pleistocene to early 

Holocene transition period (e.g., Holmes, 1996, 2001; Holmes and Dilley, 1996; Potter et al., 

2008, 2011, 2014; Graf and Bigelow, 2011; Esdale et al., 2012;). 

 The Younger Dryas (YD) Chronozone (12.8ï11.7 ka) is characterized as a cooling event 

that is expressed in some studies throughout Alaska and northern Europe (Bigelow and Edwards, 

2001; Bigelow and Powers, 2001; Kokorowski et al., 2008). In general, the effects seemed to be 

more strongly expressed south of the Alaska Range than in central Alaska, which was suggested 

to be a result of cool, moist air being blocked from central Alaska by the Alaska Range (Bigelow 

and Edwards, 2001). Overall, proxy data indicating significantly cooler and drier temperatures 

during the YD are coarse in resolution, so speculation remains as to whether significant changes 

were felt in central Alaska (Graf and Bigelow, 2011). Overseas, increased aeolian activity was 

recorded in northern Europe during the YD (Bigelow and Edwards, 2001). 

 

2.1.1.3 Holocene Thermal Maximum (11 to 8 ka) 

 YD cooling was followed by the Holocene Thermal Maximum (HTM), reaching central 

Alaska ~11 ka. An increase in summer insolation (Berger, 1978) produced warming throughout 

central Alaska, though the strength and exact timing of the HTM varied throughout the western 

Arctic (Kaufman et al., 2004). Lake levels in the southern Yukon suggest a rapid increase in lake 

level from 10ï9 ka (Kaufman et al., 2004). In central Alaska, lake levels also increased at Birch, 
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Jan, and Dune lakes (Bigelow, 1997; Abbott et al., 2000; Barber and Finney, 2000). Pollen 

records from several lakes in central Alaska indicate a brief expansion of Populus occurring 11ï

9 k cal yrs BP (Graf and Bigelow, 2011). Similarly, the expansion and establishment of Picea 

(spruce) throughout Alaska and the Yukon ~10 k cal yrs BP or thereafter, as evidenced from 

pollen records (e.g., Ager, 1983; Ager and Brubaker, 1985; Bigelow and Powers, 2001; Muhs et 

al., 2003; Dyke 2005). Dune fields throughout the Yukon, southwest Alberta, and northeast 

Saskatchewan seemed to stabilize in a time-transgressive manner ~11 ka in the southwest to ~9 

ka in the northeast as a result of the expansion of the boreal forest throughout the region (Wolfe 

et al., 2004, 2011; Bateman and Murton, 2006). 

 

2.2 Luminescence Dating 

2.2.1 Basics of Optical Luminescence 

Luminescence dating is a technique based on the accumulation of radiation within 

sediment following deposition (Fig. 2.4). Once sediment is buried, it is ñdosed,ò or exposed to, 

levels of radiation from the surrounding sediments and a small portion from sunlight dosing 

(Aitken, 1998). This ionizing radiation consists of alpha and beta particles, 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 example, electron traps can form where elemental substitution 

occurs, such as Ti replacing Si in quartz minerals (Rhodes, 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 more quickly than 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. 

 

Figure 2.4. Generalized depiction of luminescence principles of the build-up and resetting of a luminescence signal 

from radiation dosing. 

 

Electron traps can be released through exposure to heat or light (ñzeroing,ò or 

ñbleachingò), which is essentially a resetting of the electron traps and stored radiation (Aitken, 

1998). The amount necessary for all traps to be released varies between minerals, but ranges in 

the magnitude of 10ï100 seconds (Rhodes, 2011). For example, bleaching occurs for aeolian 

sediment as the grains are exposed to sunlight during wind transport. 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 imperative that 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 as partial bleaching (Stokes, 1999), leads 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 terrestrial environments (Aitken, 1985, 1998). These two minerals have structural 

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 example, quartz minerals have been shown to bleach more quickly than 

feldspar minerals (Godfrey-Smith et 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 of radiation (e.g., 200 to 400 Gy), which limits the capabilities of using 

quartz for luminescence samples older than ~200 ka (Rhodes, 2011). Additionally, it has been 

shown that quartz minerals extracted from geologically óyoungerô sedimentary deposits can 

suffer from low luminescence sensitivity (e.g., Rhodes and Pownall, 1994; Lian et al., 2002; 

Preusser et al., 2006, 2009; Fuchs and Owen, 2008; Munyikwa et al., 2011). Pietsch et al. (2008) 

measured sensitivity at several locations along a stream in New South Wales and found that 

sediment closer to the headwaters exhibited a lower luminescence sensitivity than sediment 

further downstream. They concluded that downstream transport provides numerous cycles of 

irradiation and bleaching, which in turn increases the luminescence sensitivity of quartz (Pietsch 

et al., 2008). On the contrary, feldspars produce a brighter luminescence signal by an order of 

magnitude greater than for quartz minerals (Aitken, 1998), allowing for higher precision 

luminescence measurements (Li et al., 2007, 2014). The disadvantage of using feldspar grains, 
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however, is the inherent possibility of luminescence signal fading that results in an 

underestimation of age if unaccounted for (e.g., Rhodes, 2011). 

 Signal fading, referred to as ñanomalous fadingò (Wintle, 1973), describes the release, or 

ñleaking,ò of some of the electron traps over time. Many researchers believe that anomalous 

fading affects all feldspar samples (e.g., Huntley and Lamothe, 2001), while others have argued 

that fading is dependent upon the luminescence properties of feldspars and/or user 

methodologies (e.g., Preusser et al., 2005). 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 determination 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 advantages exist (summarized 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 a brief overview of luminescence analysis; the specific 

techniques used for this research and the reasoning behind them are discussed within Chapter 4, 

which includes the age determination equation and description of procedures.  

 A sampleôs equivalent dose represents the total radiation energy accumulated within 

particle grains since the last exposure to sunlight, known as a bleaching event. The equivalent 

dose value is determined within the laboratory by irradiating samples with known doses of 

radiation and comparing the intensity of the resulting luminescence signal to the natural 
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luminescence signal in order to determine the relationship between radiation energy and 

luminescence. As a whole, equivalent dose determination consists of a series of heating, 

irradiating, and measuring of luminescence signals. A sampleôs dose rate represents the radiation 

dose per unit time received by the particles grains within the sample while buried. The dose rate 

is dependent upon several factors that influence the amount of radiation received through cosmic 

dosing and the surrounding environment, including elevation, 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 (environmental) dose rate contributions 

can be measured in situ during collection (i.e., in the field) using a portable spectrometer, 

independently using high-resolution gamma mass spectrometry, or inductively coupled plasma-

mass spectroscopy (ICP-MS) and -atomic emission spectroscopy (ICP-AES). 

 

2.3 Applications and Developments of Luminescence Dating 

2.3.1 Applications of Luminescence Dating 

 While its introduction as a dating technique has been fairly recent, luminescence dating 

has been used for a variety of sediments, including those of aeolian, volcanic, fluvial, and glacial 

deposits. Extensive reviews of sediment types and the corresponding uses of luminescence 

dating can be found in Prescott and Robertson, 1997, Lian and Roberts, 2006, Bateman, 2008, 

Rittenour et 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 dating requires 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 high-latitude aeolian environments where decomposition rates are slow (Bateman and Murton, 

2006). Where 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 for organic preservation 

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 sediment. Optical luminescence is widely used for dating sediment less than a decade in 

age ranging up to 200,000 years, with recent research indicating potential for greater than 

1,000,000 years (Pickering et al., 2013; Arnold et al., 2014), whereas radiocarbon dating has 

generally been found useful for dating organic material ranging from a few hundred years to ~50 

ka (Lian and Roberts, 2006). Luminescence dating can help provide researchers with a more 

complete past extending back many years, with the potential of providing sediment or landform 

ages throughout the whole of the Quaternary period. 

 

2.3.1.1 Luminescence Dating of Aeolian Sediment 

 Luminescence dating has been used for determining numerous chronologies of aeolian 

sediment and was first used in India, where TL was applied for the dating of aeolian sand 

deposits (Singhvi et al., 1982). Within North America, Forman and Maat (1990) used TL dating 

to develop the first luminescence chronology on dunes within of the Central Great Plains. Since 

these initial studies, researchers have worked globally to document Pleistocene and Holocene 

sand-dune and loess stratigraphies (see Wintle, 1993; Rhodes 2011). Aeolian-based 

luminescence studies have been shown to provide a variety of information about past 

environmental or climatic conditions, including changes in paleowind direction or intensity (e.g., 
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Bigelow et al., 1990) and timing of dune stabilization in relation to changes in vegetative cover 

(e.g., Wolfe et al., 2011). Luminescence dating is particularly well suited for dating aeolian 

environments for several reasons, including the abundance of quartz and feldspar grains, the 

preferred minerals used in luminescence dating, within aeolian deposits. Additionally, aeolian 

grains normally receive adequate exposure to daylight during wind transportation, which is 

necessary for producing accurate luminescence ages. Lastly, luminescence dating serves as a 

viable option where radiocarbon dating is not possible due to a lack accumulated organic 

material and or organic material that does not represents a direct measurement of aeolian 

activity. 

 

2.3.2 Limitations of Luminescence Dating 

 As with any chronometric dating technique, limitations to luminescence dating do exist, 

and, if unaccounted for, can result in under- or overestimated predictive ages. One 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 intensity of 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 glacial and periglacial environments 

(Prescott and Robertson, 1997; Bateman, 2008; Fuchs and Owen, 2008), where fluvial transport 

often occurs in deep or muddy water or sediment carried within or beneath glacial ice (Prescott 
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and Robertson, 1997). Conversely, aeolian sediment has a higher probability of each grain 

receiving sufficient daylight exposure during wind transport (e.g., Aitken, 1985, 1998). In high-

latitude areas where sunlight is less direct than lower latitudes, seasonal effects have been 

considered and studies show differing results regarding their influence. For example, Mejdal and 

Funder (1994) showed insufficient bleaching within the Arctic Circle in Greenland; however, 

Berger and Anderson (2000) demonstrated a very low OSL signal on modern (i.e., near-zero 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 content that adequately 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 changes in dose rate calculations and subsequently age estimates. For 

sand-sized grains, it has been shown that the total dose rate varies approximately 1% with a 1% 

change in water content (Rhodes, 2011). Water contained within sediment pores absorbs 

radiation, 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 possible. Because water can cause a 

lowering of the dose rate as it hinders radiation from infiltrating a particle, changes in water 

content can result in age underestimation (Preusser et al., 2008; Lukas et al., 2012). For 

luminescence samples with assumed past variability in water content, such as former changes in 

water table levels, further measures may need to be taken, such as modeling past changes in 

water content (e.g., Mann et al., 2002). This highlights the importance of understanding the 
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paleoenvironmental setting and history of a sampling area in order to produce accurate dose rate 

calculations and luminescence age estimates. 

 Limitations of luminescence dating faced by researchers have fostered rapid 

advancements in this field. The high variability experienced between the luminescence properties 

of quartz and feldspar, individual sediment deposits based on depositional processes, and 

variability between individual grains of the same deposit encourage that researchers report and 

validate the specific process of luminescence dating being used, which ñhas led to 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 

techniqueò (Lian and Roberts, 2006, p. 2450). 

 

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). Optical dating 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 

reviews detail such applications, including those of Duller (2004) and Lian and Roberts (2006). 

 The use of infrared stimulation, or IRSL dating, was pioneered by Hutt et al. (1988), and 

has since seen 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 

feldspar grains possess. Feldspar 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 to counter anomalous fading. The first observance of anomalous fading 

came through TL dating of volcanic feldspars (Wintle, 1973), which led to the common 

hypothesis that anomalous fading occurs due to quantum tunneling mechanics (e.g., Aitken, 

1985; Visocekas, 1985). Unstable traps tend to release some of the electron traps--or transfer 

them from nearby traps--which 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 (e.g., Visocekas 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 fading in order to expand the use of feldspar dating. 

 Initial attempts to diminish 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 rate (Huntley and Lamothe, 2001; Auclair et al., 2003). 

Fade rate corrections can then 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 into the fading equations. 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 equivalent dose and dose rate measurements. The 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 to complications of using fade rate measurements, methods have recently shifted 

towards developing methods that target a more stable (i.e., non-fading) signal. These methods, 

first proposed by Thomsen et al. (2008) and utilized by Buylaert et al. (2009), are known as 
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elevated temperature, two-step post-IR (pIR) protocols that utilize a lower preheat temperature 

(e.g., 50°C), followed by IRSL measurement at a higher temperature (e.g., 225-320°C) (Table 

2.1). A lower preheat temperature is intended to clear out unstable traps before luminescence 

measurements have 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, these methods have 

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 post-IR IRSL SAR protocol (following Buylaert et al., 2009). 

 

 

2.3.4 Aeolian Luminescence Studies of Alaska 

 The prevalence of loess throughout Alaska has led to the majority of luminescence 

research conducted on aeolian material to focus on loess. The well-known loess sequences near 

Fairbanks, Alaska have received the bulk of luminescence research within Alaska, including the 

Step Treatment Observed

1 Give dose, Di

2 Preheat, 250 C, 60 s

3 IR stimulation, 100 s at 50°C Li*

4 IR stimulation, 100 s at 225°C Li**

5 Give test dose, DT

6 Preheat, 250 C, 60 s

7 IR stimulation, 100 s at 50°C

8 IR stimulation, 100 s at 225°C Ti**

9 IR stimulation, 400 s at 290°C

10 Return to Step 1

*Referred to as IR at 50°C

** Referred to as post-IR IR at 225°C
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Halfway House loess (Westgate et al., 1985; Westgate et al., 1990; Oches et al., 1998; Auclair et 

al., 2007) and the Gold Hills loess (e.g., Preece, 1991; Preece et al., 1999; Berger, 2003). Some 

of the earliest luminescence studies of loess within central Alaska were conducted by Berger et 

al. (1994), who used TL to date bracketing loess surrounding the Old Crow tephra to Ó 140 ka 

(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 tephra). Paleosols within loess sequences at Gold Hill near 

Fairbanks were dated using TL and IRSL to bracket the ages of the associated Sheep Creek 

tephra between 75 ka and 30 ka (Berger, 2003). Several other studies used TL dating to 

determine the ages of loess within the area (e.g., Wintle and Westgate, 1986; Berger et al., 1994; 

Berger and Péwé, 2001; Berger, 2003).  

 In addition to the loess deposits of central Alaska, the Tanana and Nenana river valleys 

are well-known for their abundance of archaeological material that dates the first populations 

into eastern Beringia, and possibly the New World (Graf and Bigelow, 2011). Due to the 

presence of cultural material found within aeolian deposits across the valleys, most 

archaeological studies within central Alaska to date have utilized radiocarbon dating to provide 

chronologic framework; however, Reuther (2013) used a combination of IRSL and radiocarbon 

for geoarchaeological and paleoecological analysis of the Tanana Valley.  

 Despite the appeal of using luminescence dating for aeolian material, the application of 

this dating technique has not always been successful for dating aeolian deposits in Alaska and 

elsewhere. For example, Auclair et al. (2007) conducted three types of fading tests on feldspar 

grains sampled from tephra and loess and determined that the IRSL ages of loess were 

reasonable, but the measured fading rate (g-value) used on the tephra resulted in age 
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underestimation (Auclair et al., 2007). Berger (2003) found that IRSL ages of loess near 

Fairbanks were underestimated and stratigraphically inconsistent in comparison with TL ages, 

which he suggested may be due to variations in feldspar grains that affected the use of fade 

corrections following Huntley and Lamothe (2001). At the Halfway House site in central Alaska, 

Oches et al. (1998) reported IRSL ages that were discordant from their more reliable TL ages. 

Age discrepancies have been reported elsewhere; for example, Berger et al. (2000) received 

similarly inconsistent IRSL ages in relation to TL ages of lake core sediments from northern 

Alaska that the authors suggested were a result of mineralogical variation among the polymineral 

samples. Within the northern Great Plains, complications with luminescence dating of quartz 

grains appeared as low luminescence signals in aeolian studies, which has led to the use of IRSL 

dating of feldspar grains, rather than OSL dating, throughout the region (Munyikwa et al., 2011; 

Halfen et al., 2015). Similarly, Reuther (2013) references dim luminescence of quartz grains and 

avoided quartz OSL analysis by adopting IRSL analysis instead. Given the complications faced 

by researchers pertaining to available chronologic dating methods and previous preferential 

interest of research in loess deposits in central Alaska, sand dune chronologies throughout central 

Alaska are lacking in relation to loess deposits of the region.  

 Recent investigations of a dune field in the TRL of central Alaska brought to light initial 

complications using luminescence dating, but subsequently produced promising results using a 

pIR IRSL protocol. The Wood River dunes comprise a relatively small dune field within the 

Tanana River Lowlands (TRL) that covers 45 km2 and consists of a predominately northeast-

southwest trending linear dune complex, currently stabilized by tree and shrub growth. Nineteen 

luminescence samples collected from the dune crests, flanks, and basal portions of the dune  

were initially processed using IRSL dating that employed the standard fade rate corrections 
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(Huntley and Lamothe, 2001). Because the resulting ages of the dunes were anomalously young 

in comparison to regional aeolian proxies, the samples were subsequently dated using a post-IR 

IRSL protocol recently deemed successful for dating loess in the Fairbanks area (Roberts, 2012) 

(Table 2.2). P. Hanson and A. Young at the University of NebraskaïLincoln Geochronology 

Laboratory conducted initial and subsequent IRSL analyses. The use of the pIR IRSL protocol 

produced reasonable ages in relation to regional proxies (e.g., Potter et al., 2008, 2011, 2014; 

Esdale et al., 2012; Reuther, 2013), and dating of the Wood River dunes served as an exploratory 

investigation of dune activity within the TRL. Given the success of the first use of this protocol 

to date a stabilized central Alaskan dune field, the pIR IRSL method, central to this research, was 

adopted to 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 River dune IRSL age estimates using standard age correction method (Huntley and Lamothe, 

2001), which yielded anomalously young ages, versus subsequent post-IR age estimates in agreement with regional 

proxy data (Johnson et al., 2012). 

 

 

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

AK 1-2 4.92 ± 0.33 11.86 ± 0.92

AK 1-3 11.10 ± 1.01 12.64 ± 1.14

AK 2-1 6.95 ± 0.48 10.62 ± 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 ± 0.41 10.06 ± 0.81

AK 4-1 10.11 ± 0.65 15.40 ± 1.32

AK 4-2 6.61 ± 0.61 11.87 ± 1.47

AK 5-3 6.06 ± 0.60 10.38 ± 0.97

AK 6-1 8.55 ± 0.62 14.22 ± 1.40

AK 7-4 10.6 ± 0.60 11.62 ± 1.12

AK 7-5 8.39 ± 0.53 11.76 ± 0.93
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 In summary, multiple researchers have extensively studied loess exposures within central 

Alaska (Péwé, 1955, 1975; Hamilton 1983, 1988; Begét, 1988, 1990, 1991, 1996, 2001; Begét 

and Hawkins, 1989; Begét et al., 1990; Westgate et al., 1990; Preece et al., 1991, 1999; Berger et 

al., 1994, 1996, 2000; Muhs et al., 2001; Lagroix and Banjeree, 2002; Berger, 2003; Muhs 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 Waythomas, 1990; Esdale et al., 2012; 

Johnson et al., 2012), and even fewer within the Tanana River Lowlands (Johnson et al., 2012). 

Given the lack of knowledge surrounding the Nenana dunes and the potential of dating success 

using a pIR protocol, this research documents the timing of aeolian activity and stabilization of 

the Nenana dune field. This project serves as one of the first studies within central Alaska to use 

a post-IR IRSL protocol for dating sand dunes and provides 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 activity, a discussion is included of the resulting 

luminescence ages within a paleoenvironmental context of the region. 
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 Regional Setting and Study Area 
 

The Tanana River Lowlands (TRL) is a broad valley region located within the Tanana-

Kuskokwim Lowland Basin (Wahrhaftig, 1965), which defines this east-central division of 

Alaska (Fig. 3.1). This region is bounded to the north by the Tanana-Uplands 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 sediment-rich loads 

have deposited coarse bed load material as expansive alluvial fans that extend into the lowland 

region (e.g., Péwé, 1975; Collins, 1985; Wahrhaftig, 1985). Remnant stream channels, oxbow 

lakes, and natural levees signify previous migrations of streams. Several bedrock 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 Survey Staff , 2007).  

During the Pleistocene, glaciers existed to the north, south, and east of the plains and 

smaller glaciers within the Yukon-Tanana Uplands, but the TRL remained unglaciated (Péwé, 

1975) and instead served as an accumulation basin for sediment during the 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 1975; Collins, 1985; Foster and Keith, 1994). Windblown silt 

mantles the topographic highs within the area, including cliff-top terraces, sand dunes, and 

bedrock outcroppings ( Black, 1951; Péwé, 1975; Wahrhaftig, 1985; Muhs et al., 2003). It is 

well-established that aeolian sediment is prevalent throughout the TRL (Fig. 2.1), shown 

particularly through extensive research of loess deposits north of the Tanana river near Fairbanks 
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(Muhs et al., 2003). To date, however, little is known of the sand dune deposits within the 

lowlands. 

 

 

Figure 3.1. Physiographic regions of central Alaska (Wahrhaftig, 1965). Tanana River Lowlands (TRL) lies within 

the Tanana-Kuskokwim Lowland and south of the Yukon-Tanana Upland.   

 

Climate of the TRL is continental subarctic, with winter temperatures averaging -19°C 

and mean summer temperature of 14°C (National Climatic Data Center, 2015). Monthly 

temperature and precipitation averages are provided for the village of Nenana in Table 3.1.  
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Table 3.1. Temperature and precipitation data for Nenana from 1981ï2010 (Data from NCDC, 2015).  

 

 

Due to the presence of the Alaska Range to the south, air masses tend to lose the majority 

of their moisture before reaching the TRL, resulting in an annual average annual precipitation of 

only 25ï40 cm for the region (Muhs et al., 2001; Bigelow and Edwards, 2001). This part of 

central Alaska currently experiences seasonal winds, with primarily southwesterly winds during 

the summer months and northeasterly winds during the winter months (Figs. 3.2 and 3.3).  

The TRL consists of discontinuous permafrost, which varies by depth throughout the area 

(Wahrhaftig, 1965; Péwé, 1975). Permafrost is largely responsible for frequent ground saturation 

and the marshy conditions of the low-lying areas within the TRL, as it hinders the downward 

infiltration of groundwater in the area (Wahrhaftig, 1985). 

Month Precip. (cm)
Minimum 

Temp. (°C)

Mean Temp. 

(°C)

Maximum 

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
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Figure 3.2. Seasonal wind rose showing prevailing wind direction during June 1961ï1990 in Fairbanks (Figure 

modified from: http://www.wcc.nrcs.usda.gov; data from National Climatic Data Center).  

 

Figure 3.3. Seasonal wind rose showing prevailing wind direction during Dec. 1961ï1990 in Fairbanks (Figure 

modified from: http://www.wcc.nrcs.usda.gov; data from National Climatic Data Center). 




































































































































