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Chapter 2
Quaternary Eolian Dunes and Sand Sheets 
in Inland Locations of the Atlantic Coastal 
Plain Province, USA

Christopher S. Swezey

Abstract Quaternary eolian dunes and sand sheets that are stabilized by vegetation 
are present throughout many inland locations of the Atlantic Coastal Plain province 
(USA). These locations include river valleys, the Carolina Sandhills region, adja-
cent to Carolina Bays, and upland areas of the northern coastal plain. The eolian 
dunes are primarily parabolic in river valleys and in upland areas of the northern 
coastal plain, linear in the Carolina Sandhills region, and arcuate adjacent to 
Carolina Bays. Optically stimulated luminescence (OSL) ages from the eolian sands 
range from circa (ca.) 92–5 ka, revealing that they are relict features that are not 
active today. These sands have been degraded by vegetation and pedogenic pro-
cesses, and are stabilized under modern environmental conditions. Most of the OSL 
ages are approximately coincident with the last glacial maximum (LGM), when 
conditions were generally colder, drier, and windier. Various features associated 
with these eolian dunes and sand sheets suggest that the winds that mobilized the 
sand blew from the northwest in the coastal plain region of Maryland and Delaware, 
and from the west in the coastal plain region of North Carolina, South Carolina, and 
Georgia. Most of the eolian dunes and sand sheets are composed of fine to medium 
sand, although a substantial silt component is present in the northern coastal plain, 
and a substantial coarse sand component is present in the Carolina Sandhills region. 
Eolian sand mobilization would have been facilitated by conditions of stronger 
wind velocity (at least 4–6 m/s), lower air temperature, lower air humidity, and (or) 
reduced vegetation cover. Eolian sediment mobilization appears to have occurred 
episodically at any given site, although sites that are farther south have preserved a 
greater proportion of eolian sands yielding pre-LGM ages (indicating that the south-
ern landscapes farther from the ice sheet have experienced less reworking).
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2.1  Introduction

In the eastern United States (U.S.), the Atlantic Coastal Plain province (Fig. 2.1) 
extends from New York to Florida, and contains strata and sediments of Cretaceous 
to Quaternary age. Until recently, much of the Quaternary record in this province 
has been considered to be relatively sparse, consisting primarily of a few onshore 
lacustrine and paludal records, some beach and barrier island complexes, and some 
offshore sand and mud. However, with the advent of optically stimulated lumines-
cence (OSL) dating techniques and high-resolution topographic information from 
Light Detection and Ranging (LiDAR) data, new studies have revealed that the 
Quaternary record of Atlantic Coastal Plain province is much more extensive and 
complex than had previously been perceived. Some of these new studies have 
focused on fluvial settings (e.g., Leigh 2006, 2008; Suther et al. 2011), whereas oth-
ers have focused on modern coastal settings (e.g., Mallinson et al. 2008; Scott et al. 
2010; Timmons et al. 2010; Parham et al. 2013; Seminack and Buynevich 2013; 
Peek et al. 2014). One of the more surprising revelations from these new studies is 
the recognition of widespread Quaternary eolian sand dunes and sand sheets of 
approximately synchronous age throughout many inland locations of the 
U.S. Atlantic Coastal Plain province (e.g., Ivester et  al. 2001; Ivester and Leigh 
2003; Markewich et al. 2009; Swezey et al. 2013, 2016a, b).

Inland locations of the U.S. Atlantic Coastal Plain province are not settings in 
which one would typically expect widespread eolian sands because the modern cli-
mate is not conducive to eolian sediment mobilization. Indeed, most of these inland 
Quaternary eolian sediments are stabilized by vegetation, and the dune and sand 
sheet morphologies have been degraded by erosion and pedogenic processes. In 
other words, these eolian sediments are relict features from times when conditions 
were different from the modern environment. Although future work will undoubt-
edly reveal additional locations and features, this publication provides a summary 
of Quaternary eolian sand dunes and sand sheets in the following four inland set-
tings of the U.S. Atlantic Coastal Plain province: (1) river valleys; (2) the Carolina 
Sandhills region; (3) Carolina Bays; and (4) upland areas of the northern Atlantic 
Coastal Pain.

2.2  Modern Climate

From northern Delaware to northern Florida, the modern climate of the Atlantic 
Coastal Plain province is humid and mesothermal with little or no water deficiency 
during any season (climate classification of Thornthwaite 1931, 1948). During 
January the mean temperature varies from ~0 °C in northern Delaware to ~12 °C in 
northern Florida, whereas during July the mean temperature varies from ~12 °C in 
northern Delaware to ~30  °C in northern Florida (Fig. 2.2). Precipitation occurs 
throughout the year, and mean annual precipitation ranges from ~110  cm in 
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Fig. 2.1 Coastal Plain location map. The location of the Carolina Sandhills is from Griffith et al. 
(2001, 2002). Alab. Alabaha River, BB Big Bay, BS Bear Swamp, ChiR Chicomacomico River, 
ChoR Choptank River, DP Dukes Pond, FB Flamingo Bay, Great PD Great Pee Dee River, HB 
Herndon Bay, Little PD Little Pee Dee River, LM Lake Mattamuskeet, LOR Little Ocmulgee River, 
MhR Marsheyhope Creek, MR Magothy River, NR Nanticoke River, PaR Patapsco River, PxR 
Patuxent River, PocR Pocomoke River, PotR Potomac River, RR Rhode River, SeR Severn River, 
SoR South River, WB Wilson’s Bay, WR Wicomico River
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northern Delaware to ~140 cm in northern Florida (Fig. 2.2). Average annual free 
water surface (FWS) evaporation values range from ~92 cm in northern Delaware 
to ~122 cm in northern Florida (Farnsworth et al. 1982). Average annual potential 
evapotranspiration values range from ~74 cm in northern Delaware to ~107 cm in 
northern Florida (Fig.  2.2). These values yield ratios of annual precipitation to 
potential evapotranspiration (P:PE) that vary from 1.49  in northern Delaware to 
1.31 in northern Florida. For reference, a P:PE ratio between 0.50 and 0.75 denotes 
a “sub-humid” climate in the UNESCO (1979) classification of arid regions.

The directions of surface winds in the southeastern United States vary seasonally 
(Fig. 2.2) and are governed primarily by the following three variables: (1) the west-
erlies; (2) the polar front jet stream; and (3) the Bermuda High. During winter, the 
westerlies and the polar front jet stream are stronger, the polar front jet stream 
moves to lower latitudes, and the Bermuda High is weaker (Sahsamanoglou 1990; 
Harman 1991; Davis et al. 1997). As a result, during winter the surface winds over 
the Atlantic Coastal Plain province blow predominantly from the west and 

Fig. 2.2 Modern climate data of the southeastern United States. Mean temperature data in degrees 
Celsius are from Webb et al. (1993), and mean resultant wind data are from Baldwin (1975). The 
mean resultant wind is the vectorial average of all surface wind velocities and wind directions on 
the basis of hourly observations at a given place during the specified months for 1951–1960. The 
velocity of surface wind in meters per second (m/s) is written inside each circle, and is proportional 
to the length of the gray arrows
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west- northwest. Most precipitation during winter is frontal in association with the 
polar front jet stream where cold and dry continental air from Canada is in contact 
with warm and humid maritime air from the Gulf of Mexico (Court 1974; Soulé 
1998; Katz et  al. 2003). In contrast, during summer the westerlies and the polar 
front jet stream are weaker, the polar front jet stream moves to higher latitudes, and 
the Bermuda High is stronger (Sahsamanoglou 1990; Harman 1991; Davis et al. 
1997). As a result, during summer the surface winds over the U.S. Atlantic Coastal 
Plain province blow from the south via the Bermuda High, bringing moisture to the 
Atlantic Coastal Plain from the Gulf of Mexico and (or) the Atlantic Ocean (Court 
1974; Soulé 1998; Katz et al. 2003). Most precipitation during summer is associated 
with convection rather than fronts.

The mean resultant velocity of surface winds in the U.S. Atlantic Coastal Plain 
province is <3 m/s during any given month (Fig. 2.2), but there is some variability 
(“gustiness”) around the mean. For example, wind velocities of 6 m/s or greater 
occurred ~8% of the time per whole year during the interval of 1981–2010 accord-
ing to hourly data from the Metropolitan Airport at the city of Columbia, South 
Carolina (www.ncdc.noaa.gov; accessed 18 August 2016). In relatively warm low- 
latitude regions, however, typical threshold wind velocities for sustained eolian 
mobilization of 0.25–0.50 mm diameter quartz sand are 4–6 m/s (e.g., Hsu 1974), 
and therefore modern surface winds in inland locations of the Atlantic Coastal Plain 
province are really not sufficient for much sustained eolian sand transport.

2.3  Age Data

The age data presented in this paper were obtained by radiocarbon techniques and 
(or) luminescence techniques. Unless otherwise stated, the radiocarbon ages are 
reported in radiocarbon years (14C yr) before present (BP), using the Libby half-life 
of 5568 years and with 0 14C year BP being equivalent to AD 1950. In contrast, the 
luminescence ages are reported in calibrated years (cal year) BP with 0 cal year BP 
being the year that a specific luminescence age was determined. The luminescence 
ages presented in this paper were compiled from different sources, and different 
authors used different statistical models to determine their best estimates of the 
ages. Where available, information on these different statistical models is given in 
Tables 2.1, 2.2, 2.3, and 2.4. For luminescence ages published for the first time in 
this paper (Table 2.2), the choice of statistical model that is thought to yield the most 
accurate age follows criteria discussed in Swezey et al. (2016b). In brief, if the dis-
persion was <25% (as determined by the R program radial plot, following Galbraith 
and Roberts 2012), then the preferred age was the age obtained by the weighted 
mean. If the dispersion was ≥25%, then the preferred age was the age obtained by 
the Minimum Age Model-3.

2 Quaternary Eolian Dunes and Sand Sheets in Inland Locations of the Atlantic…
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2.4  Descriptions of Eolian Dunes and Sand Sheets

Vegetated (stabilized) eolian dunes and sand sheets of Quaternary age are found in 
many settings throughout inland locations of the U.S. Atlantic Coastal Plain prov-
ince. These eolian sediments may be divided into the following four categories 
according to geographic location: (1) in river valleys; (2) in the Carolina Sandhills 
region; (3) adjacent to Carolina Bays; and (4) on upland areas of the northern 
Atlantic Coastal Plain.

2.4.1  Eolian Dunes in River Valleys

Vegetated (stabilized) eolian sand dunes are present within numerous river valleys 
in the U.S. Atlantic Coastal Plain province (Fig. 2.1). At the time of this writing, 
such dunes have been identified in river valleys of all of the eastern coastal states 
from Delaware to Georgia. On the Delmarva Peninsula (Delaware, Maryland, 
Virginia), eolian dunes are present in the valleys of the Choptank River, 
Chicamacomico River, Marsheyhope Creek, Nanticoke River, Wicomico River, and 
Pocomoke River (Denny and Owens 1979; Denny et al. 1979; Newell and DeJong 
2011; Markewich et al. 2015), and on the east side of the Potomac River/Chesapeake 
Bay in Virginia (Mixon 1985). Elsewhere in Maryland, eolian dunes and (or) sand 
sheets are present in the valleys of the Patapsco River, Magothy River, Severn River, 
South River, Rhode River, Potomac River, and Patuxent River (Hack 1955; 
Markewich et al. 2009; Newell and DeJong 2011). On the mainland part of Virginia, 
eolian dunes are present in the valley of the Nottoway River (Powars et al. 2016). In 
North Carolina, eolian dunes are present in the valleys of the Chowan River, Tar 
River, Pamlico River, Neuse River, Black River, Little River, and Cape Fear River 
(Daniels et  al. 1969; Thom 1970; Miller 1979; Soller 1988; Markewich and 
Markewich 1994; Markewich et al. 2015). In South Carolina, eolian dunes are pres-
ent in the valleys of the Little Pee Dee River, Great Pee Dee River, Waccamaw 
River, Wateree River, Congaree River, Santee River, and Savannah River (Daniels 
et  al. 1969; Thom 1970; Pickering and Jones 1974; Markewich and Markewich 
1994; Brooks et al. 2010; Swezey et al. 2013). In Georgia, eolian dunes are present 
in the valleys of the Ogeechee River, Canoochee River, Ohoopee River, Little 
Ohoopee River, Oconee River, Ocmulgee River, Little Ocmulgee River, Altamaha 
River, Alabaha River, Satilla River, and Flint River (Thom 1970; Pickering and 
Jones 1974; Markewich and Markewich 1994; Ivester et  al. 2001; Ivester and 
Leigh 2003).

In most publications, eolian dunes in river valleys of the Atlantic Coastal Plain 
are identified as sand of Quaternary age, but a formal stratigraphic formation name 
is not applied to the dunes. On the Delmarva Peninsula, however, both eolian sand 
dunes within river valleys and eolian sand dunes and sand sheets on upland terraces 
are mapped as the Quaternary Parsonsburg Sand (Denny and Owens 1979; Denny 
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et al. 1979). Because the reference locality for the Parsonsburg Sand is located in an 
upland area of the Delmarva Peninsula (test hole Wi-Bg 11 at the north end of 
Parsonsburg Ridge, Wicomico County, Maryland; Rasmussen and Slaughter 1955), 
it is not appropriate to apply the Parsonsburg Sand nomenclature to the river valley 
sand dunes that have a discontinuous distribution from Delaware to Georgia. In 
other words, it is better to restrict the name Parsonsburg Sand to eolian sand in 
upland areas of the Delmarva Peninsula.

Despite their discontinuous distribution, eolian dunes in the river valleys show 
some consistent patterns with respect to geographic and stratigraphic location. For 
example, the eolian dunes are located on the east side of the modern river channels 
(Pickering and Jones 1974; Carver and Brook 1989; Markewich and Markewich 
1994; Ivester and Leigh 2003; Swezey et al. 2013). An excellent example of such 
dunes is present in the valley of the Savannah River, Jasper County, South Carolina 
(Fig. 2.3). With respect to stratigraphic location, the eolian dunes in river valleys are 
located above unconformities on terraces within their respective valleys. Depending 
upon location, these terraces are composed of either (1) Quaternary sand, mud, and 
(or) peat of fluvial and paludal origin; or (2) pre-Quaternary sand and (or) mud upon 
which a paleosol has developed (Ivester and Leigh 2003; Swezey et al. 2013).

In many river valleys, the eolian dunes occur as groups of dunes or dune fields 
that are elongate parallel to the rivers. On the Delmarva Peninsula the linear ridges 
of eolian sand may be as much as 5 m high and up to 5 km long (Denny and Owens 
1979), whereas in Georgia the linear ridges may be 2–14 m high and 6 to >100 km 
long (Ivester and Leigh 2003). At some locations, the eolian dunes in river valleys 
form multiple linear ridges that are parallel to the modern river channel. In river 
valleys where multiple eolian dune ridges are present, the western ridges typically 
have morphologies that are more distinct and regular (Ivester and Leigh 2003).

Many of the individual dunes in river valleys have parabolic shapes or infilled 
parabolic shapes, and the orientations of these dunes show a predictable geographic 
variability. In Maryland and Delaware, the tails of parabolic dunes point northwest 
(Denny and Owens 1979; Denny et al. 1979; Carver and Brook 1989; Markewich 
et al. 2009). In contrast, in North Carolina, South Carolina, and Georgia, the tails of 
parabolic dunes point west or southwest (Thom 1970; Carver and Brook 1989; 
Ivester and Leigh 2003; Swezey et al. 2013).

The height (sand thickness) of individual eolian dunes in river valleys generally 
increases towards the south. Specifically, dune height is typically 5 m or less in 
Virginia, Delaware, and Maryland, 2–10 m in North Carolina and South Carolina, 
and 2–14 m in Georgia. On the Delmarva Peninsula in Delaware and Maryland, 
eolian dunes in river valleys are either parabolic forms up to 1 m high or linear 
ridges up to 5 m high (Hack 1955; Denny et al. 1979; Denny and Owens 1979). On 
the Delmarva Peninsula in Virginia, however, some larger eolian dunes (6–15 m 
high) form linear and arcuate dune fields as much as 0.5 km wide and 3 km long 
parallel to the Chesapeake Bay shoreline (Mixon 1985). Farther south in North 
Carolina, eolian dune height is typically 1–7 m in the valley of the Cape Fear River 
(Soller 1988) and up to 5 m in the valley of the Neuse River (Daniels et al. 1969). In 
South Carolina, eolian dune height is up to 5 m in the valleys of the Great Pee Dee 
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River and Little Pee Dee River (Thom 1970), and 1–10  m in the valley of the 
Savannah River (Swezey et al. 2013). In Georgia, eolian dune height is 4–12 m in 
the valley of the Flint River (Ivester and Leigh 2003), 8 m in the valley of the Satilla 
River (Markewich and Markewich 1994), and 4–14 m in the valley of the Altamaha 
River (Ivester and Leigh 2003). Eolian dune height is typically 2–5 m in the valley 
of the Ohoopee River, and 2–4 m in the valley of the Canoochee River (Ivester et al. 
2001; Ivester and Leigh 2003).

The eolian dunes in river valleys display many similarities with respect to grain 
size, sorting, and composition (Pickering and Jones 1974; Denny et al. 1979; Soller 
1988; Markewich and Markewich 1994; Ivester and Leigh 2003; Swezey et  al. 
2013). Most dunes are composed of 95–100% sand and 0–5% mud, and the sand 
size is predominantly fine to medium sand. The eolian dune sand is typically mod-
erately sorted to well sorted (following terminology of Folk and Ward 1957). Sand 
composition is typically 95–100% quartz, 0–5% feldspar (although feldspar content 
is usually <1%), and <  1% mica and opaque minerals. Most of the quartz sand 
grains have roundness values that range from subangular to rounded, and sphericity 
values that range from high sphericity to low sphericity (following terminology of 
Powers 1953).

Most eolian dunes in river valleys do not display obvious sedimentary structures, 
except for bioturbation by plant roots. However, large cross-bedding, parallel lami-
nations, reactivation surfaces, and buried paleosols have been reported from some 
eolian dunes in the river valleys of Georgia (Ivester and Leigh 2003). Likewise, 
east-dipping cross-bedding has been reported from eolian dunes in the valley of the 
Congaree River in South Carolina (Johnson 1961), and cross-bedding has also been 
reported from eolian dunes in the valley of the Great Pee Dee River in South 
Carolina (Thom 1970).

Forty-six OSL ages have provided an absolute chronology for eolian sand dunes 
within river valleys of South Carolina and Georgia (Table 2.1, Fig. 2.4). These OSL 
ages range from circa (ca.) 54–5 thousand years ago (ka), although most of the ages 
range from ca. 35–15 ka. Only two ages are younger than 11 ka, and these two ages 
are from river valleys in southern Georgia. No OSL ages from eolian dunes in river 
valleys are younger than ca. 5 ka.

2.4.2  Eolian Dunes and Sand Sheets of the Carolina Sandhills

The Carolina Sandhills, which has long been recognized as a distinct geomorpho-
logic province (e.g., Holmes 1893), is a 15–60 km wide physiographic region that 
extends ~700 km from the western border of Georgia across South Carolina to cen-
tral North Carolina along the updip (inland) part of the Atlantic Coastal Plain prov-
ince (Fig. 2.1). As described by Swezey et al. (2016b), the region is characterized 
by: (1) vegetated (stabilized) eolian sand dunes and sand sheets that are mapped as 
the Quaternary Pinehurst Formation; and (2) outcrops of Cretaceous strata consist-
ing of sand, slightly indurated sandstone, conglomerate, and mud. The region is also 
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Fig. 2.4 OSL ages from eolian dunes in river valleys of the U.S. Atlantic Coastal Plain province. 
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Laurentide Ice Sheet. Detailed age data are given in Table 2.1

notable for supporting an endangered ecosystem of longleaf pine (Pinus palustris) 
and wiregrass (Aristida stricta) that is maintained by frequent low-intensity fires 
(Earley 2004; Askins 2010).

The geology of the Carolina Sandhills has been studied in greatest detail in 
Chesterfield County, South Carolina (Fitzwater 2016; Swezey et al. 2016a, b). In 
this area, the Carolina Sandhills region is a relatively high plateau that is bounded 
to the west by Paleozoic schist of the Piedmont province and bounded to the east by 
the east-facing Orangeburg Scarp (Fig. 2.5), which is interpreted as having formed 
by marine wave erosion during the middle Pliocene (Dowsett and Cronin 1990). 
Throughout this area, Quaternary eolian sand (Pinehurst Formation) is present 
above an unconformity that caps the Cretaceous Middendorf Formation, which is a 
unit of sand, sandstone, conglomerate, and mud. Relief on this unconformity ranges 
up to 5 m in places, and the immediately underlying Cretaceous strata display pedo-
genic mottling and other paleosol characteristics.

In Chesterfield County, the Quaternary eolian sand (Pinehurst Formation) forms 
both dunes and sand sheets (Fitzwater 2016; Swezey et al. 2016a, 2016b). At most 
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province and is bounded on the east by the Orangeburg Scarp. Elevations are given relative to 
sea level

locations the sand is <2 m thick and forms a sand sheet of low relief, but in areas of 
higher elevation the sand can be up to 10 m thick and can form subdued hills of up 
to 6 m relief with steeper sides on the east and southeast (Fig. 2.6). The sand is gray-
ish orange (10 YR 7/4; color nomenclature of Goddard et  al. 1963). Grain sizes 
range from fine (lower) sand to coarse (lower) sand, but the most frequently occur-
ring grain size of individual samples ranges from medium (upper) to coarse (lower) 
sand (0.35–0.59 mm diameter). Sorting values (σϕ) range from moderately sorted to 
poorly sorted. The sand-size grains consist predominantly of quartz (99%) with 1% 
mica and opaque minerals. Most of the quartz grains of medium sand size and 
coarser are subrounded to subangular, ranging from high sphericity to low spheric-
ity. Exposures of the sand display evidence of bioturbation by vegetation (plant 
roots), and pedogenic features such as soil lamellae and argillic horizons. Exposures 
do not display primary sedimentary structures, although ground-penetrating radar 
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(GPR) traverses have revealed 2–5-m thick sets of southeast-dipping cross-bedding 
at depths below 2 m.

The thickness of the eolian sand (Pinehurst Formation) displays great variability 
across South Carolina. In contrast with Chesterfield County where the sand reaches 
a thickness of 10 m, in western Lexington County the sand can be up to 24 m thick 
(Doar and Howard 2010). In these Lexington County locations, exposures of the 
sand display cross-bedding, wind ripple laminations, deformed bedding, and paleo-
sols with organic matter.

OSL data from the sand of the Pinehurst Formation have yielded Quaternary 
ages (Table 2.2, Fig. 2.7). Fourteen OSL ages have been obtained from the Pinehurst 
Formation in Chesterfield County of South Carolina (Swezey et  al. 2016b), one 
OSL age (published here for the first time) has been obtained from an eolian sand 
dune on the south side of White Pond in Kershaw County of South Carolina, and 
two OSL ages have been reported from an eolian sand dune within the Carolina 
Sandhills at Fort Bragg in Cumberland County, North Carolina (Leigh 2008). Most 
of these OSL ages range from ca. 42–9 ka, although the full range of reported ages 
is ca. 98–6 ka. At the older end of the age spectrum, the OSL age of 92.3 ± 5.2 ka 
from White Pond is the oldest age yet obtained from the Pinehurst Formation. No 
reported OSL ages from the Pinehurst Formation are younger than ca. 6 ka.

Fig. 2.6 Detailed LiDAR image showing eolian dune morphology in the Carolina Sandhills 
region, Chesterfield County, South Carolina (from Swezey et al. 2016b). Elevations are given rela-
tive to sea level
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2.4.3  Eolian Dunes Associated with Carolina Bays

Oriented low-relief oval depressions referred to as “Carolina Bays” are present 
throughout most of the U.S.  Atlantic Coastal Plain province, and arcuate ridges 
(referred to as “sand ridges” or “sand rims”) of sand (interpreted as eolian and 
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Fig. 2.7 OSL ages from the Carolina Sandhills region of the U.S. Atlantic Coastal Plain province. 
LGM Last glacial maximum, YD Younger Dryas event, Final Collapse Final collapse of the 
Laurentide Ice Sheet. Detailed age data are given in Table 2.2
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lacustrine deposits) are present on the south and east margins of many of these 
depressions (e.g., Glenn 1895; Melton and Schriever 1933; Prouty 1952; Thom 
1970; Bliley and Pettry 1979; Stolt and Rabenhorst 1987a, b; Bliley and Burney 
1988; Grant et al. 1998; Moore et al. 2016). The Carolina Bays are situated on dif-
ferent geomorphologic surfaces of the coastal plain, although they are not present in 
recent sediments at the modern coast. Some Carolina Bays are isolated features, 
whereas others exhibit cross-cutting and nested relations whereby one Carolina Bay 
cuts across other Carolina Bays. Most Carolina Bays range from a few hundred 
meters to ~12 km across their long axis, and have relief ranging from 1–3 m (not 
including the sand ridges). Prouty (1952) estimated that there are ~500,000 Carolina 
Bays in the Atlantic Coastal Plain province extending over an area of ~83,000 
square miles from southern New Jersey to northern Florida. Carolina Bays are espe-
cially abundant to the east of the Orangeburg Scarp in South Carolina and adjacent 
areas of North Carolina and Georgia. In this region, most Carolina Bays are oval 
with an NW-SE orientation, and many are occupied by ponds. Farther south in 
Georgia, Carolina Bays are less abundant and many are circular rather than oval.

Carolina Bays are primarily surficial features that do not have much of a subsur-
face expression. In a publication about several Carolina Bays in North Carolina, 
Gamble et al. (1977, p. 199) stated, “Power auger drilling indicates that the bedding 
and sediments underlying a bay are undisturbed.” Subsurface studies with cores and 
augers of numerous Carolina Bays have revealed that they consist of a few meters 
of sand and (or) muddy sand that overlie an unconformity on an older fine-grained 
substrate that does not show any sign of disturbance or interruption (Thom 1970; 
Gamble et al. 1977; Bliley and Burney 1988; Rodríguez et al. 2012). The nature of 
the underlying substrate varies from location to location, but specific identified sub-
strates include Pleistocene clay (Gamble et al. 1977; Rodríguez et al. 2012), sapro-
lite that formed from felsic gneiss (Bliley and Burney 1988), sandy clay of the 
Pliocene Duplin Formation (Brooks et al. 2001), marl and shell-bearing limestone 
of the Pliocene Duplin Formation? (Thom 1970), Eocene sandy silt and clay (Brooks 
et al. 1996), and mud of the Cretaceous Black Creek Formation (Moore et al. 2016).

In North Carolina, detailed descriptions have been published for the following 
three Carolina Bays: (1) Lake Mattamuskeet; (2) Wilson’s Bay; and (3) Herndon 
Bay. OSL samples from the sand ridges of Herndon Bay have yielded ages ranging 
from ca. 37–27 ka (Table 2.3).

Lake Mattamuskeet (Hyde County, North Carolina; Fig. 2.1) is a conglomeration 
of multiple Carolina Bays that form a lake. According to Rodríguez et al. (2012), the 
eastern margin of the lake is a 2.9–km-wide plain with several parabolic sand ridges 
that exhibit relief of ca. 0.5–2.0 m. The taller ridges are located farther to the east. 
Cores from the bay and from the sand ridges have revealed the presence of an under-
lying unit of Pleistocene gray clay to sandy clay (with marine shells and burrows) 
that is capped by an unconformity. Within the Carolina Bay, this gray clay to sandy 
clay is overlain by a 0.3–1.2 m thick unit of sand and sandy silt (interpreted as lacus-
trine deposits and paleosols). Cores from the sand ridges have revealed the presence 
of the same unit of sand and silty sand, overlain by a separate 2.6–2.9 m thick unit 
of silt, sandy silt, and silty sand (interpreted as paleosols, loess, prograding 
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shoreline deposits, and eolian dune deposits). The unit of silt, sandy silt, and silty 
sand in a western sand ridge (closer to the bay margin) contained samples of char-
coal and wood that yielded ages of ca. 5760 and 1270 14C year BP. The unit of silt, 
sandy silt, and silty sand in an eastern sand ridge (farther from the bay margin) 
contained samples of organic sediment and charcoal that yielded ages ranging from 
ca. 7750–2780 14C year BP.

Wilson’s Bay (Johnston County, North Carolina; Fig. 2.1) is a Carolina Bay with 
a slightly oval NW-SE orientation (~750 m long and 600 m wide), and parabolic 
sand ridges of ~0.5–2 m relief on the northeast and southeast margins. According to 
Bliley and Burney (1988), hand augers and borings from the bay and from the sand 
ridges have revealed the presence of an underlying unit of saprolite that formed 
from felsic gneiss. This saprolite is capped by an unconformity with a thin bed (lag) 
of quartz gravel in some places. Within the bay, the saprolite (and quartz gravel lag) 
is overlain by a 1.5–3.2 m thick unit of sand, sandy silt, and silty sand (interpreted 
as lacustrine deposits). A sample of organic material within this unit yielded a radio-
carbon age of ca. 21,920 14C year BP. Cores from the sand ridges revealed that the 
saprolite (and quartz gravel lag) at these locations is overlain by a 1.5–4.0 m thick 
unit of muddy sand, sand, and gravel.

Herndon Bay (Robeson County, North Carolina; Fig. 2.1) is an oval Carolina 
Bay that is oriented NW-SE (~1 km long and 0.65 km wide), with several parabolic 
sand ridges of 1.5–4 m relief on the southeast margin (Fig. 2.8). According to Moore 
et al. (2016), four cores each drilled into different sand ridges at successively greater 
distances from the bay margin revealed that the sand ridges are 2.5–4.5 m thick 
accumulations of predominantly fine to coarse sand that rest on an unconformity 
above mud of the Cretaceous Black Creek Formation. Coarse sand and slightly 
gravelly sand are present in the two more proximal sand ridges, whereas muddy 
sand and sandy mud are present in the two more distal sand ridges. Three OSL ages 
have been reported from these sand ridges (Table 2.3, Fig. 2.9). These four cores 
through the sand ridges are described as follows: (1) The core in the sand ridge clos-
est to the bay (core 1) reached a total depth of 3.6 m in mud of the Black Creek 
Formation (drilling depths: 3.6–2.5 m), above which was a 0.7 m thick unit of lami-
nated fine sand (drilling depths: 2.5–1.8 m) that yielded an OSL age of ca. 27 ka 
(sample UW2786; Table 3). Above the fine sand, the core recovered a 1.0 m thick 
unit of predominantly coarse sand (drilling depths: 1.4–0.4 m); (2) The core in the 
next sand ridge away from the bay margin (core 2) reached a total depth of 3.6 m 
and recovered a 0.8  m thick unit of predominantly coarse sand (drilling depths: 
3.6–2.8  m) that yielded an OSL age of ca. 30  ka (sample UW2787; Table  2.3). 
Above the coarse sand, the core recovered another 0.8 m thick unit of predomi-
nantly coarse sand (drilling depths: 2.6–1.8 m), above which the core recovered a 
0.7 m thick unit of medium sand (drilling depths: 1.1–0.4 m); (3) The core in the 
third sand ridge away from the bay margin (core 3) reached a total depth of 4.8 m in 
mud of the Black Creek Formation (drilling depths: 4.8–4.5 m), above which was a 
1.6 m thick unit of predominantly medium sand (drilling depths: 4.5–2.9 m). This 
unit of medium sand was overlain by a 2.7 m thick unit of predominantly fine sand 
(drilling depths: 2.9–0.2 m); and (4) The core in the fourth (most distal) sand ridge 

2 Quaternary Eolian Dunes and Sand Sheets in Inland Locations of the Atlantic…



34

Fig. 2.8 LiDAR image of Herndon Bay, Robeson County, North Carolina. The white circles and 
adjacent numbers denote to sand ridge cores obtained by Moore et al. (2016). Elevations are given 
relative to sea level
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Fig. 2.9 OSL ages from sand ridges of Carolina Bays of the U.S. Atlantic Coastal Plain province. 
LGM Last glacial maximum, YD Younger Dryas event, Final Collapse Final collapse of the 
Laurentide Ice Sheet. Detailed age data are given in Table 2.3
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from the bay margin (core 4) reached a total depth of 3.6 m in mud of the Black 
Creek Formation (drilling depths: 3.6–2.5 m), above which was a 1.1 m thick unit 
of predominantly fine to medium sand (drilling depths: 2.3–1.2 m) that yielded an 
OSL age of ca. 37 ka (sample UW2788; Table 3). This unit of fine to medium sand 
was overlain by 0.7 m thick unit of predominantly medium sand (drilling depths: 
1.1–0.4 m).

In South Carolina and Georgia, several Carolina Bays are present within river 
valleys, and they exhibit cross-cutting relations with eolian dunes in these valleys. 
For example, Bear Swamp (Marion County, South Carolina; Fig. 2.1) is a Carolina 
Bay that is oriented NW-SE (ca. 1.2 km long and 0.8 km wide). This Carolina Bay 
is inset into a field of eolian dunes in the valley of the Great Pee Dee River (Fig. 2.10), 
and thus this bay must be younger than the dunes. Although OSL ages have not been 
published from these dunes, it is reasonable to assume that these dunes would yield 
OSL ages that are similar to those obtained from eolian dunes in other river valleys 
of the coastal plain. Ivester et al. (2001) described a similar setting in the valley of 
the Ohoopee River (Tattnall County, Georgia), where a Carolina Bay named Dukes 
Pond (Fig. 2.1) is inset within eolian dunes that have yielded an OSL age of ca. 
23.6 ka (Table 2.1).

In South Carolina, detailed descriptions have been published for the following 
three Carolina Bays: (1) Big Bay; (2) an unnamed Carolina Bay immediately south-
west of Big Bay; and (3) Flamingo Bay. OSL ages obtained from samples from the 
Carolina Bay sand ridges range from ca. 108.7–2.2 ka (Table 2.3). Where multiple 
sand ridges are present, older ages have been obtained from the sand ridges that are 
farther from the modern bay.

Big Bay (Sumter County, South Carolina; Fig. 2.1) is an oval Carolina Bay in the 
valley of the Wateree River on the north side of Big Bay Road in Sumter County, 
South Carolina (Fig.  2.11). The bay is oriented NW-SE (~5  km long and 3  km 
wide), and has several parabolic sand ridges of 1.5–3.5 m relief on the south and 
east margins. The western margin of Big Bay is covered by eolian sand in the form 
of a sand sheet with a few parabolic dunes. According to Ivester et al. (2002) and 
Brooks et al. (1996, 2010), this eolian sand has yielded three OSL ages. Within the 
confines of Big Bay, a sample from the sand sheet yielded an OSL age of ca. 74.3 ka 
and a sample from a parabolic dune yielded an OSL age of ca. 29.6 ka. At a distance 
~1 km west of the inferred margin of Big Bay, a sample from a parabolic dune that 
is part of the same eolian sand deposit yielded an OSL age of ca. 33.2 ka. Brooks 
et al. (2001) described a core (drill hole D1/2; Fig. 2.11) drilled through the sand 
sheet within the confines of Big Bay that reached a total depth of 10.6 m in sandy 
clay of the Pliocene Duplin Formation (drilling depths: 10.6–9.0 m), above which 
was a 4.5 m thick unit of silty sand and sandy mud with abundant organic material 
(drilling depths: 9.0–4.5 m), above which was a 4.5 m thick unit of quartz sand 
(drilling depths 4.5–0 m).
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Fig. 2.10 LiDAR image of Bear Swamp, Marion County, South Carolina. Bear Swamp is a 
Carolina Bay inset into eolian dunes in the valley of the Great Pee Dee River. Elevations are given 
relative to sea level
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Fig. 2.11 LiDAR image of Big Bay, Sumter County, South Carolina. The white circles and adja-
cent numbers denote cores and OSL ages reported by Ivester et al. (2002) and Brooks et al. (1996, 
2010). Elevations are given relative to sea level
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Several OSL ages have been reported from sand ridges along the south and east 
margins of Big Bay (Brooks et al. 1996, 2010; Ivester et al. 2003). These OSL data 
are described as follows: (1) From the sand ridge closest to the bay, a sediment 
sample at 60–75 cm depth yielded an OSL age of 2.15 ± 0.30 ka (this age was 
reported as 2.2 ka by Brooks et al. 2010); (2) From the next sand ridge away from 
the bay margin, a sediment sample at 60–75  cm depth yielded an OSL age of 
11.16 ± 0.90 ka (this age was reported as 11.3 ka by Brooks et al. 2010); (3) From 
the third sand ridge away from the bay margin, a sediment sample at 60–75 cm 
depth yielded an OSL age of 25.21 ± 1.9 ka (this age was reported as 25.4 ka by 
Brooks et al. 2010); and (4) From the fourth (most distal) sand ridge from the bay 
margin, a sediment sample at 60–75 cm depth yielded an OSL age of 35.66 ± 2.60 ka 
(this age was reported as 35.9 ka by Brooks et al. 2010).

Additional data are available from an unnamed Carolina Bay located immedi-
ately to the southwest of Big Bay, on the south side of Big Bay Road in Sumter 
County (Fig. 2.11). This unnamed bay is oriented NW-SE (~2 km long and 1 km 
wide), and has several parabolic sand ridges of 0.8–1 m relief on the south and east 
margins of the bay. Ivester et al. (2003) stated that sediment from a sand ridge asso-
ciated with this bay yielded an OSL age of 20.39 ± 1.60 ka (this age was reported as 
20.5 ka by Brooks et al. 2010). It is possible, however, that this sand ridge might be 
associated more appropriately with Big Bay than with the unnamed bay.

Flamingo Bay (Aiken County, South Carolina; Fig. 2.1) is an oval Carolina Bay 
that is oriented NW-SE (~0.6 km long and 0.5 km wide), with several parabolic sand 
ridges of 4–5  m relief on the east and south margins (Fig.  2.12). According to 
Brooks et al. (1996), a core (C1) taken within Flamingo Bay penetrated a 94-cm 
thick unit of quartz sand above a unit of sandy silt and clay that they referred to as a 
“BC soil horizon,” which they interpreted as Eocene sediments that were subse-
quently altered by lateritic weathering. Charcoal samples from the unit of quartz 
sand within the Flamingo Bay yielded ages ranging from ca. 4505–2550 14C year 
BP. Brooks et al. (1996) also reported that a core (P25) through the highest part of a 
sand ridge on the eastern side of Flamingo Bay revealed a 1.85  m-thick unit of 
Quaternary quartz-rich medium sand, overlying an unconformity with evidence of 
lateritic weathering (“BC Soil Horizon”) on a unit of Eocene sandy silt and clay. 
Additional cores on the western flank of this sand ridge revealed a similar stratigra-
phy, but with the addition of quartz pebbles on the unconformity. Moore et  al. 
(2012) reported the following five OSL ages from a Flamingo Bay sand ridge com-
posed of medium sand: (1) 5.0 ± 0.5 ka at ~35 cm depth; (2) 9.2 ± 1.0 ka at ~50 cm 
depth); (3) 11.5 ± 1.3 ka at ~65 cm depth; (4) 15.5 ± 1.8 ka at ~78 cm depth; and (5) 
13.1 ± 1.7 ka at ~95 cm depth. In addition, Ivester et al. (2002) and Brooks et al. 
(2010) reported the following two OSL ages from sand ridges of Flamingo Bay: (1) 
108.7 ± 10.9 ka; and (2) 40.3 ± 4.0 ka. Ivester et al. (2002) and Brooks et al. (2010) 
also reported an OSL age of 77.9 ± 7.6 ka from a sand ridge of a nearby Carolina 
Bay named Bay-40.
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Fig. 2.12 LiDAR image of Flamingo Bay, Aiken County, South Carolina. C1 and P25 denote 
cores obtained by Brooks et al. (1996). Elevations are given relative to sea level
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2.4.4  Eolian Dunes and Sand Sheets on Upland Areas 
of the Northern Atlantic Coastal Plain

Vegetated (stabilized) eolian sand dunes and sand sheets are present on many upland 
areas of the northern Atlantic Coastal Plain (Figs. 2.1 and 2.13). These eolian depos-
its are extensive and particularly well developed on the Delmarva Peninsula 
(Delaware, Maryland, Virginia) east of the Chesapeake Bay (Rasmussen and 
Slaughter 1955; Denny and Owens 1979; Denny et al. 1979; Mixon 1985; Lowery 
et al. 2010; Newell and DeJong 2011). Similar eolian sand and silt have also been 
identified on the Atlantic Coastal Plain west of the Chesapeake Bay (west of the 
Delmarva Peninsula) in Maryland (Hack 1955; Markewich et  al. 2009). Farther 
north in Sussex County (Delaware), an approximately correlative unit of fine sand, 
silt, and clayey silt is mapped as the Cypress Swamp Formation and is interpreted 
as deposits of fresh-water bogs, swamps, marshes, ponds, floodplains, and eolian 

Fig. 2.13 LiDAR image showing parabolic dunes on the Delmarva Peninsula (Wicomico County, 
Maryland; Sussex County, Delaware). Elevations are given relative to sea level
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dunes (Andres and Howard 2000). Quaternary eolian sand and (or) silt are also pres-
ent in the Pine Barrens region of southern New Jersey (Newell and DeJong 2011; 
French and Demitroff 2012), around the western margin of the Atlantic Coastal 
Plain province in Mercer County of New Jersey (Stanford 1993), and in nearby 
areas west of the Atlantic Coastal Plain province in southeastern Pennsylvania 
(Carey et al. 1976).

According to Denny and Owens (1979) and Denny et al. (1979), eolian sand on 
the upland areas of the Delmarva Peninsula is typically 1.2–6 m thick, and overlies 
a variety of older units of sand and mud that range in age from Miocene to Quaternary 
(e.g., Pensauken Formation, Beaverdam Sand, Walston Silt, Omar Formation, Kent 
Island Formation). At most locations the eolian sand is composed of light brown to 
dark gray fine to medium sand, although clayey silt is present at some locations. The 
sand consists predominantly of quartz, with a small fraction of feldspar and opaque 
minerals. Most exposures of the sand display evidence of bioturbation and pedo-
genic features such as soil lamellae and argillic horizons. Evidence of primary sedi-
mentary structures is absent in most exposures, although low-angle bedding is 
visible at the base of some exposures. Thin units of peaty sand within the Parsonsburg 
Sand have yielded several radiocarbon ages ranging from ca. 30,560–13,420 14C 
year BP.  The upper surface of the eolian sand in the upland area of the central 
Delmarva Peninsula varies from a relatively flat surface to irregular mounds and 
sinuous ridges (Denny and Owens 1979; Denny et al. 1979). Some of the ridges are 
in the shape of parabolic dunes with tails that point to the northwest (Fig. 2.13).

On the west side of the Delmarva Peninsula (east side of the Chesapeake Bay), 
there are several exposures of eolian sand and sandy silt that may be correlative to 
the Parsonsburg Sand. In Northampton County (Virginia), for example, Mixon 
(1985) described irregular fields of 0.6–3 m high eolian sand dunes. Farther north in 
Kent County (Maryland), Foss et  al. (1978) described a 0.5–2.1 m thick unit of 
Quaternary sandy silt (interpreted as loess) that overlies a “buried paleosol.” In 
Talbot County (Maryland), Lowery et  al. (2010, p. 1475) described two units of 
sandy silt (interpreted as loess) that overlie an unconformity (paleosol) on a “fine- 
sandy sequum formed in either fluvial/estuarine sediments or possibly coarse eolian 
deposits.” The lower unit of sandy silt is ~1 m thick and is capped by an unconfor-
mity (paleosol), and the upper unit of sandy silt is ~0.8 m thick. Lowery et al. (2010) 
named the lower unit as the Miles Point Loess, upper unit as the Paw Paw Cove 
Loess, and the intervening paleosol as the Tilghman Soil. At a locality named Miles 
Point, the “fine-sandy sequum” immediately below the Miles Point Loess yielded 
two OSL ages of ca. 41 ka, the Miles Point Loess yielded two OSL ages of ca. 41 
and 35  ka, and the Tilghman Soil yielded two OSL ages of ca. 29 and 28  ka 
(Table 2.4, Fig. 2.14). The Tilghman Soil also yielded four radiocarbon ages rang-
ing from ca. 27,249–21,490 14C year BP (Lowery et al. 2010).

On the west side of the Chesapeake Bay (west of the Delmarva Peninsula), veg-
etated (stabilized) eolian sand and silt are present across several upland areas of the 
Maryland coastal plain. In upland areas of Prince Georges and Charles Counties of 
Maryland, Hack (1955) identified a < 2 ft. (0.6 m) thick unit of eolian fine sand that 
rests on an unconformity on Miocene sand, gravel, and loam. With the availability 
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of LiDAR data, Markewich et al. (2009) were able to discern the presence of para-
bolic dunes among this eolian sand in Charles County. Relief of these parabolic 
dunes is 8–12 m, the axis length of the dunes is ~3 km, and the dune tails point to 
the northwest. At a site named Fenwick Shores/Piscataway, one sample of eolian 
sand yielded an OSL age of ca. 27 ka (Table 2.4, Fig. 2.14). At a site named Goose 
Bay, a ~4 m thick quartz-rich medium sand of eolian origin yielded two OSL ages 
of ca. 30 and 24 ka (Table 2.4, Fig. 2.14). This eolian unit rests on an unconformity 
above a ~0.9 m-thick estuarine deposit of quartz-rich medium to fine sand that fines 
up to clayey silt with organic-rich sediment and wood that yielded radiocarbon ages 
of ca. 26,270 and 20,500 14C year BP. Markewich et al. (2009) also reported OSL 
ages from eolian sand at two other sites in Charles County (Chapman Landing, 
Brandywine2). Eolian sand from the Chapman Landing site yielded an OSL age of 
27 ka, and eolian sand from the Brandywine2 site yielded an OSL age of ca. 19 ka 
(Markewich et al. 2009).

In the Piedmont province immediately west of the Atlantic Coastal Plain prov-
ince, sand and silty sand of possible eolian origin are present at several locations in 
central and northern Virginia. For example, on many of the interfluvial upland areas 
of Louisa County, the author has noted a < 0.5 m thick unit of possible eolian origin 
composed of quartz-rich very fine sand and silt that overlies deeply weathered 
Paleozoic metamorphic rocks. Similarly, on an interfluvial upland area in Prince 
William County, Feldman et al. (2000) described a ~0.5–1 m thick unit of silt (inter-
preted as loess) that overlies granitic saprolite. This silt yielded a thermolumines-
cence (TL) age of ca. 14 ka.

2.5  Interpretations of Eolian Dunes and Sand Sheets

When viewed as an ensemble, the eolian dunes and sand sheets in inland settings of 
the U.S.  Atlantic Coastal Plain province show some interesting differences and 
similarities. For example, the eolian sediments are thought to have been derived 
from distinctly different sources in each of the four identified settings (river valleys; 
Carolina Sandhills; Carolina Bays; upland areas of the northern Atlantic Coastal 
Plain). Yet the eolian sediments show many similarities with respect to inferred tim-
ing of eolian mobilization, thus providing a common framework for interpretations 
of paleoclimate variables such as wind direction, wind velocity, and air 
temperature.

2.5.1  Eolian Dunes in River Valleys

Several previous studies have interpreted the eolian dunes in the river valleys as 
being derived from fluvial sand from the nearby river channels (e.g., Pickering and 
Jones 1974; Carver and Brook 1989; Markewich and Markewich 1994; Ivester et al. 
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2001; Ivester and Leigh 2003; Swezey et al. 2013). There must have been enough 
variability in climate and river discharge such that the fluvial sand could be mobi-
lized into eolian dunes, which migrated away from the river channels until they 
became stabilized. The eolian dunes, however, are located only 1–5 km from the 
modern river channels, indicating that the dunes did not travel very far from their 
sediment sources before becoming stabilized.

OSL ages from eolian dunes in the river valleys range from ca. 84–5 ka and the 
majority of these ages are approximately coincident with the last glaciation in the 
northern hemisphere (Fig. 2.4), assuming the date of inception of the Laurentide Ice 
Sheet to be ca. 115 ka (Mix 1992; Kleman et al. 2010) and the date of final collapse 
of the Laurentide Ice Sheet to be ca. 8.2 ka (Barber et al. 1999; Shuman et al. 2002). 
The great range of OSL ages suggests that eolian sediment mobilization was epi-
sodic during this time. Most of the OSL ages range from ca. 35–14  ka and are 
approximately coincident with the last glacial maximum (LGM) and the time of 
deglaciation before the Younger Dryas (YD) event, assuming the LGM to be ca. 
31,100 to 23,200 calibrated years before present [reported by Clark et al. 2009 as 
26.5 to 19–20 ka in radiocarbon years before present, and converted to calibrated 
years using the program CALIB 6.1.1 (available at http://calib.qub.ac.uk/calib) in 
conjunction with Stuiver and Reimer 1993 and Reimer et al. 2009], and assuming 
the YD event to be 12,800 to 11,500 cal year BP (Alley et al. 1993).
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At the older end of the age spectrum, OSL ages of 77.4 ± 6.6 ka from the valley 
of the Ohoopee River and 74.3 ± 7.1 ka from the valley of the Wateree River provide 
evidence of eolian sand mobilization well before the LGM (Fig.  2.4). For some 
reason, the eolian sand at these locations was not reworked during the LGM or later. 
There are apparent gaps in the river valley OSL ages from ca. 67–14 ka, and from 
ca. 14–11 ka. Eolian sand may have been stabilized during these times, but it is also 
possible that additional OSL ages may fill in these gaps. It is also important to real-
ize that the OSL ages indicate not the total time of eolian sand mobilization but only 
the time that eolian sand was last exposed to sunlight. At the young end of the age 
spectrum, an OSL age of ca. 5 ka from the Altamaha River may attest to some iso-
lated eolian sand remobilization in this area, or perhaps may be attributed to the 
effects of post-depositional bioturbation exposing sand grains to sunlight.

No OSL ages from eolian sand in the river valleys are younger than ca. 5 ka 
(Fig. 2.4), and thus it appears that since this date the sand has been stabilized by 
vegetation and subjected to pedogenic processes. This final stabilization of the 
dunes is thought to have been caused by a change to a less arid climate along with a 
general increase in air temperature, decrease in wind velocity, and increase in veg-
etation density (Swezey et al. 2013). Most exposures of the dunes do not display 
sedimentary structures except for traces of bioturbation by plant roots, suggesting 
that the dunes have been stabilized for a duration long enough for vegetation to 
obliterate primary sedimentary structures.

Most eolian dunes in the river valleys are parabolic dunes, which is a morphol-
ogy that is usually associated with an adequate sand supply, moderate vegetation 
cover, and a unidirectional wind regime for sand-mobilizing winds (McKee and 
Bigarella 1979; Lancaster 1995; Hugenholtz et al. 2008; Hugenholtz 2010). Pollen 
data also support the interpretation of some vegetation being present during the last 
glaciation and deglaciation (e.g., Watts 1980a, b; Delcourt and Delcourt 1984, 1985; 
LaMoreaux et al. 2009; Spencer et al. 2017). With regards to wind directions, the 
tails of parabolic dunes point to the northwest in the northern coastal plain (Delaware, 
Maryland), suggesting that the winds that mobilized the sand in this area blew from 
the northwest. In contrast, the tails of parabolic dunes point to the west in the central 
and southern coastal plain (North Carolina, South Carolina, Georgia), suggesting 
that the winds that mobilized the sand in this area blew from the west. Some climate 
models (e.g., Kutzbach et al. 1998) have proposed that surface winds in the south-
eastern United States blew from the west during the LGM winter and from the 
southeast during the LGM summer (e.g., Kutzbach et al. 1998), prompting specula-
tion that eolian dune mobilization may have occurred preferentially during the win-
ter (Swezey et al. 2016b).

Very few eolian dunes have been reported from river valleys in central and south-
ern Virginia, which is the area where winds from the northwest (Delaware, 
Maryland) are presumed to have converged with winds from the west (North 
Carolina, South Carolina, Georgia). Quaternary eolian sand has been reported from 
the Cactus Hill and Rubis Pearsall archeological sites, both of which are located in 
the upper coastal plain part of the Nottoway River valley in Sussex County, Virginia 
(Wagner and McAvoy 2004; Feathers et  al. 2006; Macphail and McAvoy 2008; 
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Markewich et  al. 2009). These sands have yielded OSL ages ranging from ca. 
23.7–7.4 ka (Feathers et al. 2006), which are generally coincident with the ages of 
numerous eolian sands described in this paper. However, the criteria cited for deter-
mining an eolian origin of these sands are now considered to be non-diagnostic 
criteria (Swezey 1998; Swezey et  al. 2016b), and LiDAR data in this area show 
primarily fluvial sand bars rather than fields of large and obvious eolian dunes such 
as are present in North Carolina, South Carolina, and Georgia. If eolian sand is pres-
ent at the Cactus Hill and Rubis Pearsall sites, then this sand is likely to be a rela-
tively thin deposit reworked from underlying fluvial sediments. Some fields of 
eolian dunes, however, may be present in the Nottoway River valley even farther 
downstream near the Virginia–North Carolina border (Powars et al. 2016).

2.5.2  Eolian Dunes and Sand Sheets of the Carolina Sandhills

The unconsolidated sand (Quaternary Pinehurst Formation) of the Carolina 
Sandhills is interpreted as eolian dunes and sand sheets derived from sand of the 
underlying Cretaceous strata (Fitzwater 2016; Swezey et al. 2016a, 2016b). This 
interpretation of sand source is supported by the spatial association of the Quaternary 
and Cretaceous units, and the fact that the two units have similar grain sizes and 
similar abundance and composition of opaque minerals. Furthermore, the poor sort-
ing suggests that sand of the Pinehurst Formation has not traveled far from its source.

OSL ages from the eolian sand (Pinehurst Formation) are approximately coinci-
dent with the last glaciation in the northern hemisphere (Fig. 2.7). The great range 
of OSL ages (ca. 98–6 ka) suggests that eolian sediment mobilization was episodic 
during this time. Most of the OSL ages, however, range from ca. 42–9 ka and are 
approximately coincident with the interval from the latter stages of ice sheet growth 
(leading to the LGM) to the Final Collapse of the Laurentide Ice Sheet. At the older 
end of the age spectrum, an OSL age of 92.3 ± 5.2 ka from White Pond (South 
Carolina) provides evidence of eolian sand mobilization well before the LGM. The 
southern location (greater distance from the influences of the Laurentide Ice Sheet) 
may have helped to prevent eolian sand at this location from being reworked during 
the LGM or later. There are apparent gaps in the Carolina Sandhills OSL ages from 
ca. 87–75 ka, 64–59 ka, 37–30 ka, and 17–12 ka. Eolian sediment may have been 
stabilized during these times, but it is also possible that additional OSL ages may fill 
in these gaps. As stated above, the OSL ages indicate not the total time of eolian 
sand mobilization but only the time that the sand was last exposed to sunlight.

No OSL ages from the Pinehurst Formation are younger than ca. 6 ka, and thus 
it appears that since this date the sand has been stabilized by vegetation and sub-
jected to pedogenic processes. As with eolian dunes in the river valleys, this final 
stabilization of eolian sand in the Carolina Sandhills region is thought to have been 
caused by a change to a less arid climate along with a general increase in air tem-
perature, decrease in wind velocity, and increase in vegetation density (Swezey 
et al. 2016b). Most exposures of the dunes do not display sedimentary structures 
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except for traces of bioturbation by plant roots, suggesting that the dunes have been 
stabilized for a duration long enough for vegetation to obliterate primary sedimen-
tary structures.

Several paleoclimate variables may be inferred from characteristics of the 
Pinehurst Formation (Swezey et al. 2016b). For example, the predominance of sand 
sheets over dunes is attributed to the coarse grain size and to the likely presence of 
some vegetation when the sand was mobilized. Eolian mobilization of coarse sand 
would have been facilitated by colder air temperatures, such as are inferred for the 
LGM. The dune morphologies and cross-bedding suggest that winds that mobilized 
the sand blew from the west and (or) northwest. These inferred wind directions are 
most consistent with both modern January wind directions (Baldwin 1975) and 
inferred LGM January wind directions (Kutzbach et  al. 1998), suggesting that 
eolian sand mobilization may have occurred preferentially during the winter (when 
the air temperatures would have been lower, thus facilitating the eolian mobilization 
of coarse sand). Furthermore, the relatively coarse grain size suggests that eolian 
sand mobilization during the LGM winter would have required wind velocities of at 
least 4–6 m/s, after taking into account the effects of colder air temperatures on 
eolian sand transport (Swezey et al. 2016b).

2.5.3  Eolian Dunes Associated with Carolina Bays

Most geologists interpret the Carolina Bays as relict geomorphologic features that 
formed via a combination of eolian and lacustrine processes (e.g., Livingstone 
1954; Thom 1970; Stolt and Rabenhorst 1987a, b; Bliley and Burney 1988; Grant 
et al. 1998; Moore et al. 2016). Some of the sediments from Wilson’s Bay are inter-
preted specifically as deposits that formed when ice in a lacustrine basin expanded 
and was thrust against the bay shoreline (Bliley and Burney 1988). The evidence 
that Carolina Bays are relict features comes from observations that: (1) modern 
drainages cut across some Carolina Bays; (2) some Carolina Bays are nested within 
other bays and show various cross-cutting relations with other Carolina Bays; and 
(3) Carolina Bays are not present in recent sediments at the modern coast. 
Furthermore, the wide range of OSL ages and the observation that some Carolina 
Bays show cross-cutting relations with other Carolina Bays and with eolian dunes 
in river valleys demonstrates that the Carolina Bays did not form during a single 
event. Theories of origin related to meteorite impacts (e.g., Melton and Schriever 
1933; MacCarthy 1937; Prouty 1952) may be ruled out because the OSL ages show 
a wide range of values and because there is no evidence of disturbance of the under-
lying strata. Likewise, theories of origin related to traditional karst phenomena (e.g., 
Smith 1931) may be ruled out because of the absence of limestone beneath most 
Carolina Bays.

OSL ages from eolian sand ridges of the Carolina Bays range from ca. 109–2 ka, 
but most of the ages are approximately coincident with the last glaciation in the 
northern hemisphere (Fig. 2.9). The great range of OSL ages suggests that eolian 
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sediment mobilization was episodic during this time. Most of the OSL ages range 
from ca. 40–11 ka and are approximately coincident with the LGM through the 
Younger Dryas (YD) event. At the older end of the age spectrum, OSL ages of 
108.7 ± 10.9 ka from a sand ridge of Flamingo Bay and 77.9 ± 7.6 ka from a sand 
ridge of Bay-40 (both located in South Carolina) provide evidence of eolian sand 
mobilization well before the LGM. The southern location (greater distance from the 
influences of the Laurentide Ice Sheet) may have helped to prevent the eolian sand 
at these two locations from being reworked during the LGM or later. There are 
apparent gaps in the sand ridge OSL ages from ca. 98–86 ka, and from ca. 70–44 ka. 
Eolian sediment may have been stabilized during these times, but it is also possible 
that additional OSL ages may fill in these gaps. At the young end of the age spec-
trum, an OSL age of 2.1 ± 0.3 ka from a sand ridge of Big Bay may attest to some 
isolated eolian sediment remobilization in this area, or perhaps may be attributed to 
the effects of post-depositional bioturbation exposing sand grains to sunlight. 
Bioturbation seems likely because this ca. 2 ka age is much younger than any other 
OSL ages reported from eolian sand of the inland coastal plain.

In addition to the range of OSL ages, stratigraphic relations provide exception-
ally clear evidence that the Carolina Bays did not form during one specific event of 
limited duration. For example, there are certain locations where eolian sand dunes 
in a river valley overlie parts of a Carolina Bay, and thus that Carolina Bay must be 
older than the overlying eolian sand (e.g., Big Bay; Fig. 2.11). There are other loca-
tions where a Carolina Bay is inset into eolian sand dunes in a river valley, and thus 
that Carolina Bay must be younger than the underlying eolian sand (e.g., Bear 
Swamp; Fig. 2.10). Additional evidence of the episodic nature of Carolina Bay gen-
esis comes from the observation by Ivester et al. (2007) that the sand ridges of any 
specific Carolina Bay yield systematically younger OSL ages towards the center of 
the bay, confirming that the bays are not the product of a single event of limited 
duration.

The OSL ages indicate that the Carolina Bays formed during approximately the 
same time interval as the eolian dunes and sand sheets in the river valleys and in the 
Carolina Sandhills region. In other words, the Carolina Bays are relict features that 
formed when air temperatures were cooler, wind velocities were greater, and vege-
tation density was reduced. Very similar oriented lakes are present today in many 
high-latitude regions such as Alaska (Fig. 2.15), Canada, Russia, and the Falkland 
Islands (e.g., Rex 1961; Carson and Hussey 1962; Coté and Burn 2002; Wilson 
et  al. 2002; Hinkel et  al. 2005, 2012; Arp et  al. 2011; Karlsson et  al. 2012; 
Morgenstern et al. 2013; Zhan et al. 2014). These high-latitude oriented lakes are 
thermokarst lakes that developed as a result of thaw and collapse of frozen ground, 
with subsequent modification by lacustrine and (or) eolian processes. Most studies 
of thermokarst lakes have been conducted in the continuous permafrost zone of 
northern Alaska, but thermokarst lakes are also present in zones of discontinuous 
permafrost such as the boreal forest regions of central Alaska and northern Quebec 
(Jorgenson et al. 2012; Coulombe et al. 2016). In the Barrow region of northern 
Alaska, the dominant wind direction is from the east to northeast, and this wind 
generates gyres that promote erosion of the north and south shores of the 
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thermokarst lakes, leading to the elongate orientation of the lakes (Zhan et al. 2014). 
In other words, the orientation of thermokarst lakes is governed by patterns of wind- 
driven circulation and longshore drift, whereby sediment accumulates on the down-
wind (lee) side of the lakes and the lakes expand by erosion in zones that are oriented 
50° to the wave approach or approximately perpendicular to the dominant wind 
direction (Rex 1961; Carson and Hussey 1962; Zhan et al. 2014). Many of these 
thermokarst lakes in northern Alaska have modified an older, stabilized substrate of 
eolian sand (Carter 1981).

2.5.4  Eolian Dunes and Sand Sheets on Upland Areas 
of the Northern Atlantic Coastal Plain

Eolian sand dunes and sand sheets on upland areas of the northern Atlantic Coastal 
Plain were deposited relatively close to the southern margin of the Laurentide Ice 
Sheet during the LGM.  These sands were probably remobilized from any loose 
sediment that was available in the area, and their location near the southern margin 
of the ice sheet is similar to extensive deposits of Quaternary eolian sand and loess 

Fig. 2.15 Google Earth image of oriented thermokarst lakes near Barrow, Alaska
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in the midwest United States, as well as in Europe and in China (e.g., Sun et al. 
1998; Zeeberg 1998; Kasse 2002; Zhou et al. 2009; Yang and Ding 2013; Kalińska- 
Nartiša et al. 2015; Bertran et al. 2016).

OSL ages from eolian sand on upland areas of the northern Atlantic Coastal Plain 
range from ca. 44–3 ka, but most of the ages are approximately coincident with the 
last glaciation in the northern hemisphere (Fig. 2.14). The great range of OSL ages 
suggests that eolian sediment mobilization was episodic during this time. Most of 
the OSL ages, however, range from ca. 44–20 ka and are approximately coincident 
with the interval from the latter stages of ice sheet growth (leading to the LGM) to 
the LGM. No OSL ages older than ca. 44 ka have been reported from eolian sands 
in this area, and it may be that the northern location (closer distance to the influ-
ences of the Laurentide Ice Sheet) may have facilitated the remobilization any older 
(pre-44 ka) eolian sand during the LGM or later. At the young end of the age spec-
trum, there is an individual OSL age of 13.8 ± 1.0 ka from Virginia (Feldman et al. 
2000), but this age is not anomalously younger than other OSL ages from eolian 
sands in the area.

Although most of the eolian sediment of the northern Atlantic Coastal Plain has 
the morphology of sand sheets, some parabolic dunes are present on the Delmarva 
Peninsula. As mentioned above, the parabolic dune morphology is usually associ-
ated with an adequate sand supply, moderate vegetation cover, and a unidirectional 
wind regime for sand-mobilizing winds (McKee and Bigarella 1979; Lancaster 
1995; Hugenholtz et al. 2008; Hugenholtz 2010). The tails of these parabolic dunes 
point to the northwest, suggesting that the winds that mobilized the sand in this area 
blew from the northwest. This orientation of the parabolic dunes is consistent with 
that of other vegetated parabolic dunes even farther north and west in central 
Pennsylvania (Chase 1977).

2.6  Discussion

The various Quaternary inland eolian dunes and sand sheets of the U.S. Atlantic 
Coastal Plain province have yielded a broadly similar range of OSL ages (ca. 
92–5 ka), suggesting that there are regional controls on eolian sediment behavior in 
the area (Fig. 2.16). These controls appear to be certain climate-related parameters 
because most of the OSL ages are approximately coincident with growth of the 
Laurentide Ice Sheet and the LGM in the northern hemisphere. Eolian sediment 
mobilization appears to have been more common during times of cooler air tem-
peratures (coincident with drier air and greater velocities of surface winds). Despite 
the broadly synchronous chronology, however, it is likely that eolian sediment 
mobilization was episodic at any given site. This episodic mobilization of eolian 
sand may have occurred on a variety of millennial and sub-millennial scales. For 
example, the orientations of parabolic dunes south of Virginia are consistent with 
climate models of surface wind directions during the LGM winter, and are opposite 
the inferred wind directions during the LGM summer (Fig. 2.17), thus suggesting 
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Fig. 2.16 Correlation chart showing the time span of OSL ages (including ranges of uncertainty) 
from eolian sand associated with Atlantic Coastal Plain river valleys, the Carolina Sandhills region, 
Carolina Bays, and upland areas of the northern coastal plain. These data are compiled from Tables 
2.1, 2.2, 2.3, and 2.4. LGM Last glacial maximum, YD Younger Dryas event, Final Collapse Final 
collapse of the Laurentide Ice Sheet
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Fig. 2.17 Last glacial maximum (LGM) climate data of the southeastern United States. Mean 
temperature data in degrees Celsius are from Jackson et al. (2000), and surface wind data are from 
Kutzbach et al. (1998). SLP Southern limit of LGM permafrost in the Atlantic Coastal Plain prov-
ince (from French et al. 2009). Although the southern limit of permafrost during the LGM is typi-
cally thought to have been located in central or northern Virginia (French et al. 2009; French and 
Miller 2014), discontinuous and sporadic permafrost probably extended much farther south. 
Boreal forest-temperate forest boundary is from Woodcock and Wells (1990)

that eolian dune mobilization may have occurred preferentially during the winter 
(Swezey et al. 2016b).

Although the OSL ages from eolian sand of the inland Atlantic Coastal Plain 
range from ca. 92–5 ka, these ages alone do not allow one to distinguish many sepa-
rate and distinct episodes of eolian sediment mobilization (Fig. 2.16). There is an 
apparent gap in the OSL ages from ca. 64–59 ka, but it is also possible that addi-
tional OSL ages may fill in this gap. There is also an anomalously young OSL age 
of ca. 2  ka from Big Bay (South Carolina) that is possibly the result of post- 
depositional bioturbation exposing sand grains to sunlight. At the older end of the 
age spectrum, it is somewhat unusual to have abundant Quaternary eolian sand of 
pre-Younger Dryas age preserved across a broad geographical area. In contrast, 
most OSL ages reported from Quaternary eolian sand in the northern and western 
United States are younger than the Younger Dryas event (e.g., Arbogast et al. 2015; 
Halfen et al. 2016). A similar pattern is seen in North Africa, where many Quaternary 
eolian sands have yielded relatively young ages (Swezey 2001; Bristow and 
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Armitage 2016). Although there is evidence of widespread eolian sand mobilization 
in North Africa during the LGM (e.g., Sarnthein 1978), much of this eolian sand 
was subsequently remobilized during the YD event. This pattern of widespread 
remobilization, however, is not the case in the U.S. Atlantic Coastal Plain province, 
where many eolian sands have yielded OSL ages that are substantially older than the 
YD event. Likewise, numerous OSL ages that are substantially older than the YD 
event have been reported from Quaternary eolian sand of the Gulf of Mexico Coastal 
Plain (Otvos 2004). In other words, the OSL ages reveal a general pattern of greater 
preservation of older eolian sediment with increasing distance from the LGM gla-
cial front, demonstrating that the landscape of the southeastern United States is a 
generally older landscape that has not been reworked as readily as some other land-
scapes. During the YD event, the nature of the vegetation that stabilized eolian sand 
in the southeastern United States may have changed, but the landscape did not lose 
all of the stabilizing vegetation such that there was complete reworking of older 
eolian sand.

Despite the broadly synchronous OSL ages, the different settings of Quaternary 
inland eolian sand display some differences in geomorphology and sediment grain 
size. Eolian dune morphologies are primarily parabolic in river valleys and on 
upland areas of the northern Atlantic Coastal Plain, whereas eolian dune morpholo-
gies are linear but of relatively short length in the Carolina Sandhills region. Eolian 
sand sheets are common in the northern Atlantic Coastal Plain (e.g., Delmarva 
Peninsula) and in the Carolina Sandhills region, and arcuate ridges of eolian sand 
are common adjacent to many of the Carolina Bays. Most of these eolian sediments 
are fine to medium sand, with the exception of: (1) the Carolina Sandhills, where the 
eolian sediments are primarily medium (upper) to coarse (lower) sand; and (2) the 
northern Atlantic Coastal Plain, where the eolian sand sheets contain a substantial 
silt component. The relatively coarse size of eolian sand of the Carolina Sandhills is 
attributed to the relatively coarse size of the underlying Cretaceous sediments from 
which the eolian sand was derived, and the substantial silt component of the eolian 
sediments of the northern Atlantic Coastal Plain is attributed to greater proximity to 
the Laurentide Ice Sheet, which would have generated abundant silt.

The parabolic dune morphologies and the relative abundance of eolian sand 
sheets suggest that some vegetation was present when the eolian sand was mobi-
lized. Both parabolic dunes and eolian sand sheets are often associated with moder-
ate vegetation cover (McKee and Bigarella 1979; Kocurek and Nielson 1986; 
Lancaster 1995; Hugenholtz et  al. 2008; Hugenholtz 2010). Furthermore, in the 
case of the Carolina Sandhills, the presence of paleosols with organic matter within 
the eolian sand implies the presence of vegetation that was capable of producing 
organic litter (Swezey et al. 2016b). Pollen data also support the interpretation of 
some vegetation being present during the last glaciation and deglaciation (e.g., 
Watts 1980a, b; Delcourt and Delcourt 1984, 1985; LaMoreaux et al. 2009; Spencer 
et al. 2017). This vegetation is thought to have been primarily a boreal forest of 
spruce and pine, with a tree cover that was much less dense than in modern boreal 
forests (Watts 1980a, b; Taylor et al. 2011). The southern limit of this boreal forest 
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during the LGM is estimated to have been located near 33°N latitude (Woodcock 
and Wells 1990), which is near the southern limit of both the Carolina Sandhills and 
the Carolina Bays (Fig. 2.17).

Additional paleoclimate data are available from the orientations of the parabolic 
dunes. The tails of parabolic dunes point to the northwest in the northern Atlantic 
Coastal Plain (Delaware, Maryland), suggesting that the winds that mobilized the 
sand in this area blew from the northwest. In contrast, the tails of parabolic dunes 
point to the west in the central and southern Atlantic Coastal Plain (North Carolina, 
South Carolina, Georgia), suggesting that the winds that mobilized the sand in this 
area blew from the west. These wind directions inferred from dune shapes are con-
sistent with climate models by Kutzbach et al. (1998) suggesting that surface winds 
in the southeastern United States blew generally from the west during the LGM 
winter and from the southeast during the LGM summer (Fig. 2.17). Thus, the results 
of these climate models have prompted speculation that eolian dune mobilization 
may have occurred on a seasonal basis, preferentially during winter (Swezey 
et al. 2016b).

Information about the velocity of paleo-winds may be obtained from the grain 
sizes of the eolian sediment. In the Carolina Sandhills region, the most frequently 
occurring grain size of individual eolian sand samples ranges from 0.35–0.59 mm 
diameter. In relatively warm low-latitude climates, 0.25–0.50 mm diameter quartz 
sand typically requires threshold wind velocities of 4–6 m/s for sustained eolian 
mobilization (e.g., Hsu 1974). For 0.25–0.33 mm diameter quartz sand, a threshold 
wind velocity of 6 m/s has been used for calculations of eolian sediment drift poten-
tial (e.g., Fryberger and Dean 1979). In the southeastern United States, however, the 
mean velocity of modern surface winds is 1.3–2.2 m/s. Therefore, although there is 
some variability around these mean values, the mean velocity of modern surface 
winds is generally not sufficient for sustained eolian mobilization of sand in inland 
locations of the southeastern United States. Cold winds, however, are more effective 
at eolian transport than warm winds (Selby et al. 1974; McKenna Neuman 1989, 
1993, 2003, 2004), and wind tunnel experiments have shown that -12 °C air can 
entrain particles 40–50% larger in diameter than +32  °C air (McKenna Neuman 
2003). Thus, eolian mobilization of sand in inland locations of the U.S. Atlantic 
Coastal Plain province would have required much greater wind velocities and (or) 
colder air temperatures than are present today. Swezey et al. (2016b) estimated that 
sustained eolian mobilization of sand in the Carolina Sandhills region would have 
required wind velocities of at least 4–6 m/sec during the LGM winter, and would 
have required even greater wind velocities during the LGM summer. Furthermore, 
they postulated that eolian dune mobilization may have occurred preferentially dur-
ing the winter, because the dune morphologies are not consistent with the inferred 
wind directions proposed by climate models of the LGM summer (Swezey 
et al. 2016b).

Finally, the distribution of the Carolina Bays (and their associated eolian sand 
ridges) may provide information about both paleo-wind directions, the former dis-
tribution of frozen ground, and an upper boundary on temperature in the southeast-
ern United States during the last glaciation. The OSL ages indicate that Carolina 
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Bays are relict features that formed during approximately the same time as the 
eolian dunes and sand sheets in the river valleys and in the Carolina Sandhills 
region. Both the formation of thermokarst lakes and the mobilization of eolian sand 
in the Atlantic Coastal Plain province would have required cooler air temperatures, 
greater wind velocities, and reduced vegetation density. The southern limit of con-
tinuous permafrost during the LGM is generally thought to have been located in 
central or northern Virginia approximately 230–320 km south of the LGM ice mar-
gin (French et al. 2009; French and Miller 2014), but the distribution of Carolina 
Bays suggests that permafrost (possibly discontinuous and/or sporadic) may have 
extended much farther south. For comparison, during the last glaciation, permafrost 
in Europe is thought to have extended 800–1200 km south of the LGM ice margin, 
and permafrost in Asia is thought to have extended 2000–4500  km south of the 
LGM ice margin (Vandenberghe et al. 2014; Ballantyne 2018). Furthermore, pollen 
data from the southeastern United States suggest that the southern limit of boreal 
forest during the LGM was located in central to southern Georgia (Fig. 2.17). These 
interpretations are consistent with evidence of LGM iceberg scour on the upper 
continental slope offshore the coasts of South Carolina, Georgia, and eastern Florida 
(Hill et al. 2008; Hill and Condron 2014). In other words, all of these features sug-
gest that the southeastern United States became very cold, dry, and windy during the 
LGM. Much of the landscape appears to have been covered by a sparse boreal for-
est, discontinuous and sporadic permafrost probably extended south into Georgia 
(where Carolina Bays are present), and eolian sand mobilization appears to have 
occurred episodically (preferentially during winter) wherever loose sediment was 
available throughout most of the U.S. Atlantic Coastal Plain province.

2.7  Conclusions

The modern Atlantic Coastal Plain province of the eastern United States is not very 
conducive to widespread eolian sediment mobilization because of relatively low 
surface wind velocities, relatively dense vegetation, and a humid and mesothermal 
climate with average air temperatures ranging from ~0 °C to ~30 °C (depending 
upon location and season). Quaternary eolian dunes and sand sheets that are stabi-
lized by vegetation, however, are present at many inland locations throughout the 
coastal plain. These locations include river valleys, the Carolina Sandhills region, 
adjacent to Carolina Bays, and upland areas of the northern coastal plain. In river 
valleys, eolian dunes are primarily parabolic and are located to the east of the mod-
ern river channels. In Maryland and Delaware, these parabolic dunes are composed 
of fine to medium sand and silty sand, and dune tails point northwest. In North 
Carolina, South Carolina, and Georgia, these parabolic dunes are composed of fine 
to medium sand, and dune tails point west. In the Carolina Sandhills region, eolian 
dunes are linear, and are composed of medium (upper) to coarse (lower) sand. 
Arcuate ridges of fine to medium eolian sand are located on the east and south sides 
of many shallow depressions known as Carolina Bays, which are most abundant 
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east of the Orangeburg Scarp in South Carolina and in adjacent areas of North 
Carolina and Georgia. In upland areas of the northern coastal plain (e.g., Delmarva 
Peninsula), eolian dunes and sand sheets are composed of fine to medium sand and 
silty sand, and the dunes are parabolic with tails pointing to the northwest.

OSL ages reveal that these eolian dunes and sand sheets are relict features that 
were active episodically from ca. 92–5 ka. These dunes and sand sheets have been 
degraded by vegetation and pedogenic processes, and are stabilized under modern 
environmental conditions. Most of the OSL ages from these sands are approxi-
mately coincident with the LGM, when conditions would have been generally 
colder, drier, and windier. During this time, discontinuous and sporadic permafrost 
may have extended south into Georgia (where Carolina Bays are present). The pres-
ence of parabolic dunes and the abundance of eolian sand sheets suggest that some 
vegetation was present when the eolian sand was mobilized (and pollen studies sug-
gest that this vegetation was a sparse boreal forest). Furthermore, the orientations of 
the parabolic dunes and the locations of the Carolina Bay eolian sand ridges suggest 
that the winds that mobilized the sand blew from the northwest in the coastal plain 
region of Maryland and Delaware, and that these winds blew from the west in the 
coastal plain region of North Carolina, South Carolina, and Georgia. These inferred 
wind directions are consistent with climate models for the LGM winter, suggesting 
that eolian sand mobilization may have occurred preferentially during winter. Eolian 
mobilization of the relatively coarse sand in the Carolina Sandhills region would 
have been facilitated by colder air temperatures during winter.

The OSL ages reveal a general pattern of greater preservation of older eolian 
sand towards the south (farther from the glacial front). In other words, the southern 
location (greater distance from the influences of the Laurentide Ice Sheet) may have 
helped to prevent some eolian sand from being reworked during the LGM or later. 
This observation suggests that the landscape of the southeastern United States is a 
generally older landscape that has not been reworked as readily as some other land-
scapes. During the YD event, for example, the nature of the vegetation that stabi-
lized eolian sand in the southeastern United States may have changed, but the 
landscape did not lose all of the stabilizing vegetation such that there was complete 
reworking of all older eolian sand (and resetting of OSL ages). At any given site, 
however, eolian sand mobilization appears to have occurred episodically from ca. 
92–5 ka, facilitated by conditions of sand availability, stronger wind velocity, lower 
air temperature, lower air humidity, and (or) reduced vegetation cover.
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