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Late Holocene dune activity in the Duchess
dune field, Alberta

Stephen A. Wolfe, Jeff Ollerhead, David J. Huntley, and Celina Campbell
Terrain Sciences Division, Ottawa

Wolfe, S.A., Ollerhead, J., Huntley, D.J., and Campbell, C., 2002: Late Holocene dune activity in
the Duchess dune field, Alberta; Geological Survey of Canada, Current Research 2002-B3, 8 p.

Abstract: The geomorphology and stratigraphy of the Duchess dune field, in southeastern Alberta, pro-
vides a proxy record of the relationship between late Holocene paleoenvironmental conditions and eolian
activity. Optical ages of eolian deposits show activity ca. 4500 to 2900 years ago and ca. 400 to 230 years
ago, whereas combined radiocarbon and optical ages from sheet sand and paleosol sequences indicate dune
stability ca. 980 to 400 years ago. Episodes of dune activity and stability were contemporaneous with peri-
ods of increased aridity and increased moisture availability, respectively. Unlike the Great Sand Hills of
southwestern Saskatchewan, there is no evidence of significant dune activity in the last 200 years, possibly
due to the predominance of northwesterly winds providing greater moisture to this area.

Résumé : La géomorphologie et la stratigraphie du champ dunaire de Duchess dans le sud-est de
I’Alberta nous procurent un compte rendu indirect des relations qui existaient entre les conditions
environnementales et I’activité éolienne a I’Holocene tardif. Les dges des dépdts éoliens déterminés par des
méthodes optiques témoignent de périodes d’activité il y a de cela 4 500 a 2 900 ans environ et de 400 a 230
ans environ. Par ailleurs, les 4ges radiocarbone combinés aux ages déterminés par des méthodes optiques de
nappes de sable et de séquences de paléosol indiquent une stabilité des dunes il y a de cela 980 a 400 ans
environ. Les épisodes d’activité dunaire coincident avec des périodes d’accroissement de I’aridité, alors
qu’un accroissement de I’humidité entrainent des épisodes de stabilité des dunes. Contrairement a la situa-
tion des collines Great Sand dans le sud-ouest de la Saskatchewan, il n’y a pas d’indices significatifs
d’activité dunaire au cours des 200 dernieres années, probablement en raison des vents dominants du
nord-ouest qui procurent une plus grande humidité a cette région.
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INTRODUCTION

Inactive and partially active sand dunes occur across much of
the Great Plains of Canada and the United States. Chronol-
ogies of past dune activity (Forman et al., 2001) have been
constructed from radiocarbon dates on paleosols and lumi-
nescence ages on sand deposits (Forman et al., 1992; Madole,
1994; Holliday, 1995; Muhs and Holliday, 1995; Wolfe et al.,
1995, 2000, 2001; Muhs et al., 1997a, 1997b; Muhs and
Wolfe, 1999). Paleoclimatic proxy records show close asso-
ciations between regional aridity and eolian activity, and
regional moisture and paleosol development (Fritz et al.,
1994; Case and MacDonald, 1995; Laird et al., 1996; Vance
and Wolfe, 1996; Vance et al., 1997; Sauchyn and Beaudoin,
1998). Modelling studies reveal that even a modest increase
in aridity can reactivate sand dunes across much of the North
American Great Plains (Muhs and Maat, 1993; Wolfe, 1997).

In the southern Canadian prairies, sand dunes are wide-
spread, but mostly inactive. Radiocarbon dating can be of lim-
ited use for determining chronologies in this area, as paleosols
and/or organic matter are rare in many dune exposures. How-
ever, using optical dating, the time since sediment was last
exposed to sunlight can be used to develop chronologies of
eolian activity (e.g. Wolfe et al., 2001). Optical dating studies
suggest that the most recent period of widespread dune activity
across this region occurred within the last 200 years (Wolfe
etal., 1995). Subsequent work confirmed that sand dunes in the
Great Sand Hills region of Saskatchewan reactivated approxi-
mately 200 years ago, in association with drought conditions in
the late 1700s (Wolfe et al., 2001). Accelerator mass spectrom-
etry (AMS) and conventional radiocarbon age determinations
on organic matter from paleosols in the Brandon Sand Hills
area of southern Manitoba indicate recurrent intervals of eolian
activity in the past 5000 years (Wolfe et al., 2000). Although
precise regional correlations are precluded by dating uncer-
tainties, periods of most notable paleosol development
occurred at about 2300 to 2000, 1400 to 1000, and 600 to
500 cal. BP. Eolian activity is inferred to have occurred before
and after each of these periods, most notably prior to 6000 and
3000 cal. BP, and between 2000 and 1600, 1000 and 800, and
500 and 200 cal. BP.

Here we present optical ages of sand dunes in the Duchess
dune field in southeastern Alberta, extending the spatial and
temporal record of dune activity to the southwestern Canadian
prairies.

BACKGROUND AND STUDY AREA

The Duchess dune field is located approximately 160 km
east-southeast of Calgary, Alberta (Fig. 1) in the Mixed
Grassland Ecoregion of the Prairie Ecozone. The area has a
mid-latitude, continental climate with long, cold winters and
short, warm summers (Environment Canada, 1993). At
Brooks, Alberta, approximately 40 km south of the study site,
mean January (coldest month) and July (warmest month)
temperatures are -12.5°C and 18.4°C, respectively. Mean
potential evapotranspiration exceeds precipitation by about
200 mm-a-! (Environment Canada, 1993), but approaches
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300 to 350 mm-a! in drought years, such as in 1987-1988.
Historically, the area has experienced recurrent droughts
associated with the development of stable high-pressure
ridges that displace cyclonic tracks, moist air masses, and
fronts (Dey and Chakravarti, 1976). Although the area expe-
riences dry subhumid conditions on average (as per the
United Nations Environment Programme (1992) classifica-
tion of aridity), it may experience semi-arid climatic condi-
tions during times of drought. Similar drought conditions are
observed throughout the southern prairies that, when pro-
longed, may result in dune reactivation (Wolfe, 1997; Wolfe
et al., 2001).

The dominant eolian sediment source for the Duchess
dune field is associated with the ancestral Red River delta
(Shetsen, 1987), which formed when Glacial Lake
Drumbheller decanted into Glacial Lake Bassano during the
Late Wisconsinan. The dunes have formed since deglaciation
ca. 12600 BP (Bryanetal., 1987) on the downwind distal lim-
its of the deltaic deposits (Campbell, 1997). The dune field
consists of two distinct sections, divided by a linear region of
wetlands with small areas of open water, running along a
north-south axis (Fig. 1). This interdune corridor predomi-
nantly consists of ice-contact glaciolacustrine and glacio-
fluvial deposits up to 25 m thick (Shetsen, 1987).

The dune field lies to the north of Matzhiwin Creek, and is
bounded by agricultural lands to the south and west, and the
Red Deer River to the north and east. The dominant dune form
consists of large tongues with border ridges (terminology of
David, 1998) oriented to the east-southeast, extending to the
Red Deer River valley at its easternmost extent (Fig. 1). This
orientation is similar to that of other dune fields north and east
of Calgary, indicative of dune-forming winds predominantly
from the northwest. Individual dunes are small (1-7 m high),
partially filled parabolic dunes (classification as per David,
1998), although the area exhibits extensive secondary modi-
fication by blowout activity, disrupting the majority of the
larger dune forms (Fig. 2). The dunes are predominantly veg-
etated and inactive.

The study site is in the eastern portion of the dune field,
directly south and west of the Red Deer River (Fig. 1). The
dunes here range from 1 to 6 m high and are constructed of
well sorted to moderately well sorted fine sand. On average,
less than 1% of the sediment is silt and clay. All the dunes
show signs of reworking and some of the larger ones contain
buried soils.

OPTICAL DATING

Sampling

Six samples from blowout exposures within dunes were col-
lected for optical dating (Fig. 1). The samples were taken
from shallow pits dug horizontally into natural exposures
(Fig. 3 and 4), and stored in light-tight steel cans. Because of
the palimpsest nature of eolian deposits (cf. David, 1998),
samples were collected only from dunes with recognized
morphology and internal structure, so that the geological rele-
vance of the optical ages was known. Dunes selected for
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Figure 1. Location of the Duchess dune field with dune orientations and locations of
samples taken for optical dating.
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Figure 2. Aerial photograph depicting the southeast portion of the study area (NAPL
A-6402-95, 1938; scale ~ 1:19 000). Note the chaotic and hummocky appearance of the dune
field in the southern part of the photograph, indicative of extensive blowout activity. Eh -
hummocky eolian terrain; Lp - lacustrine plain; Cf- colluvial fan; Ap - modern alluvial plain
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sampling were considered morphologically representative of
surrounding dunes. The stratigraphy and sedimentology of
each site was studied and described to establish the origin and
geomorphic significance of the deposits, and to avoid
bioturbated sites.

Optical dating

Optical dating measures time elapsed since selected mineral
grains were last exposed to sunlight. General descriptions of
available techniques are found in the journal Radiation Mea-
surements (vol. 27, no. 5/6, 1997), Aitken (1998), and Hunt-
ley and Lian (1999). This study used sand-sized K-feldspar
grains with 1.4 eV (infrared) excitation and measurement of
the 3.1 eV (violet) emission. An additive-dose procedure was
used to obtain an equivalent dose (D,,) for each sample. A
detailed description of the apparatus and methods used can be
found in Ollerhead et al. (1994) and Huntley and Clague
(1996).

The stratigraphic contexts of the six samples dated are
described in Table 1. Dose rates for the samples were deter-
mined using the data in Table 2 along with the conversion fac-
tors of Nambi and Aitken (1986), as updated by Adamiec and
Aitken (1998), and the  attenuation factors of Mejdahl (1979).
Optical ages were calculated by taking the equivalent dose for a
sample and dividing it by its calculated dose rate (Table 3). The
ages were corrected for anomalous fading, which is ubiquitous
in K-feldspar samples, as described by Huntley and Lamothe
(2001). A fading rate of 3.8 £ 0.4% a decade (a decade being a
factor of ten in time since irradiation) was determined for sam-
ple SFU-O-120. This value was also applied to the remaining
samples, under the assumption that the mineralogy of the sam-
ples, which are derived from the same glaciolacustrine and
glaciofluvial source sediments, is sufficiently similar. The cor-
rected ages are given in Table 3.

Figure 3. Small blowout in the southeast portion of the study
area. Sample SFU-O-117 was collected here. Note gullies
leading to the Red River channel in the background. Eh -
hummocky eolian terrain; Lp - lacustrine plain; Cf - colluvial
fan. Photograph by S.A. Wolfe
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RESULTS

Optical ages obtained from the Duchess dune field range from
about 4500 years to 230 years. The oldest age of 4540 + 420
years (SFU-O-118) was obtained from a large blowout expo-
sure in the northern part of the dune field, which contained
multiple buried soils. Sand from this section was well
indurated by carbonate cementing, which was likely caused
by long-term drying of the south-facing exposure. In support
of this hypothesis, the as-collected moisture content of this
sample was the driest, with only 2% by mass (Table 2). A
blowout exposure south of this section consisted of a lower
unit of crossbedded sands dated at 2940 + 200 years
(SFU-O-119) with an overlying unit of horizontally stratified
sand containing two buried soils, and an upper unit of dune
sand with a basal age of 260 £ 26 years (SFU-O-120) at 3 m
depth. In a west-facing exposure adjacent to this section, an
optical age of 403 *+ 27 years (SFU-O-158) was obtained
above the fifth buried soil, in a section containing at least
eleven buried soils. A 14C age of 669 to 910 cal. BP
(TO-5478; standard error at 1-sigma) was obtained from a
bison cervical vertebra collected by Ian D. Campbell from the
same location (Campbell, 1997).

horizontally
stratified sands

cross-
bedded
dune sands

A/AC/C

horizontally
stratified
sheet sands

A/AC/C

sheet sands

cross-
bedded
dune sands

Figure 4. Collection site for samples SFU-O-119 and
SFU-0-120 in large blowout in the northwest portion of the
study area. Photograph by S.A. Wolfe
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Table 1. List of samples collected, depth of collection in section, and a brief description of each site.

Field Lab. Depth
sample number (m) Description

1C2-01 SFU-O-116 15 Small blowout near several compound blowouts. Massively bedded medium to
fine sand (no apparent structure). Buried A-horizons at about 120, 130, and 180 cm.

IC3-01 SFU-0O-117 1.5 Small, west-facing blowout. Low-angled (8° to 19°) stratified fine sand overlying
horizontally stratified sands, indicative of sheet-sand deposits. No buried soils.

IC4-01 SFU-O-118 2 Large, mostly stabilized blowout. Section is south-facing. Highly indurated,
massively bedded fine sand, with multiple organic layers (weak A-horizons).

IC5-01 SFU-O-119 5 Large, active blowout. Section is north-facing. Lower unit of crossbedded sands
beneath upper unit of dune sands (see SFU-O-120), two buried A-horizons, and
horizontally stratified sand (Fig. 4).

IC5-02 SFU-0-120 3 Large, active blowout (same as SFU-O-119). Lower portion of high-angled
crossbedded sands indicative of bottomset of dune deposit (Fig. 4).

SAW94-88 | SFU-O-158 1.5 High, west-facing blowout, near SFU-O-119 and SFU-O-120. Section has multiple
buried soils. Sample is from above the fourth prominent buried soil, collected from
same location as a bison cervical vertebra (TO-5478).

Table 2. Analytical data used for calculating dose rates.

K whole K
sample surroundings U Th H,0 Grain size
Lab number (%)° (%) (ug/g)® (1g/g)° (g/9)° (um)
SFU-O-116 1.26 1.31 0.90 + 0.04 2.8+0.03 0.05 180-250
SFU-O-117 1.43 1.30 0.99 + 0.04 (3.0) 0.05 180-250
SFU-O-118 1.46 1.41 1.20 £ 0.04 (3.6) 0.02 180-250
SFU-O-119 1.46 1.49 1.22 +£0.04 (3.6) 0.06 90-125
SFU-O-120 1.43 1.42 1.02 £ 0.04 (3.0) 0.08 180-250
SFU-O-158 1.47 1.44 1.39 £0.08 (4.2) 0.03 180-250
“K contents are from atomic absorption analyses.
® U contents are from delayed neutron analyses.
°Th contents are from neutron activation analyses. Values in parentheses are calculated on the basis of a constant Th/U
ratio for the sands.
9 water content = water mass/dry mass.

Table 3. Final dose rate, equivalent dose (D,

q), optical age, and optical age corrected for anomalous
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fading for each sample.

Dose rate ? Uncorrected age Corrected
Lab (Gy/ka Equivalent (years before AD Delay® age° (years before AD
number +0.13) dose (Gy) 1994) (days) 1994)
SFU-O-116 2.59 2.14£0.06 826 + 47 17 980 + 60
SFU-0-117 2.76 0.56 = 0.04 203+ 17 44 229+ 20
SFU-O-118 2.92 10.8+0.8 3700 + 320 11 4540 + 420
SFU-O-119 2.54 6.1+0.2 2400 + 150 7 2940 + 200
SFU-O-120 2.70 0.62 £ 0.05 230+ 22 46 260 + 26
SFU-O-158 3.02 1.04 £ 0.05 344 + 22 10 403 £ 27
2K and Rb contents of the K-feldspar grains were assumed to be 12.5% and 350 pg/g respectively, and the dose rate due to
alphas emitted by U and Th within the grains was assumed to be 0.06 Gy/ka.
®This is the time delay between irradiation and measurement in the equivalent dose determination.
¢ The correction for anomalous fading was made as described by Huntley and Lamothe (2001), using a value of
3.8 £ 0.4%/decade, where a decade is a factor of 10 in time since irradiation, measured for sample SFU-O-120.
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The remaining optical ages are for samples collected from
blowout exposures to the east and southeast of the previous
samples. An age of 980+ 60 years (SFU-O-116) was obtained
from massively bedded sands in an exposure in a small blow-
out. Two buried soils occurred above the sample, at depths of
about 120 and 130 cm, with a third buried soil at a depth of
180 cm. The massive appearance of the sands in this section is
probably due to sand deposited onto vegetation (i.e. grasses
and other forbs). A final optical age of 229 *+ 20 years
(SFU-O-117) was obtained from a small blowout in the
southeast portion of the dune field, from low-angled stratified
sands lacking any overlying buried soils.

DISCUSSION AND CONCLUSIONS

Optical ages from the Duchess dune field indicate that eolian
deposits in this area have been repeatedly active during the
last 4500 years. Dune activity may correspond to periods of
drought, during which the landscape experiences dry surface
soils, reduced vegetation cover, and increased susceptibility
to erosion. Correlation of dune stratigraphy is commonly
made difficult because of erosion and reworking of older
eolian deposits. However, all the sections observed can be
correlated by age and stratigraphy to the section described in
Figure 4. A composite stratigraphic section, based on multi-
ple sites in the Duchess dune field, indicates three major epi-
sodes of eolian activity in the late Holocene (Fig. 5). Massive
and crossbedded sands observed at depths varying from 2 to
5 mindicate episodes of dune activity ca. 4500 and 2900 years
ago. Overlying sheet sand deposits and multiple paleosols
interbedded with eolian sands up to 2 m thick indicate
increased vegetation cover and generally reduced eolian
activity between 980 and 400 years ago. Dune and/or blowout
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deposits, ranging in thickness from 1.5 to 3 m and dating to
about 260 to 230 years ago, indicate renewed eolian activity
resulting from a combination of drought and/or natural distur-
bance (e.g. fire, grazing, human occupation).

It is significant that all the optical ages postdate the
mid-Holocene warm period of about 8000 to 5500 cal. BP
(Hypsithermal). This suggests that, as in other parts of the
Great Plains (Stokes and Gaylord, 1993; Muhs et al., 1997a,
1997b; Stokes and Swinehart, 1997; Wolfe et al., 2000), envi-
ronmental conditions in the Duchess dune field were suffi-
ciently arid in the late Holocene to maintain dune activity, in
particular 4500 and 2900 years ago. In addition, there is evi-
dence for a period of soil development occurring between 980
and 400 years ago (AD 1020 to AD 1600). This period corre-
sponds to the Little Ice Age, which began in the Canadian
Rockies about AD 1150 (Luckman, 1995) and continued until
about AD 1850 (Vance et al., 1997).

In the Duchess dune field, multiple paleosols and bison
bones found in association with this sequence suggest that
vegetation cover was abundant, but that the terrain was fre-
quently disturbed by bison activity. Stability may have per-
sisted until about AD 1700, after which renewed, but
localized, dune activity occurred as recorded by sand-dune
and/or blowout deposits dating to ca. 260 to 230 years ago.
This activity may have resulted from droughts in the early to
mid-1700s, the driest century on the prairies in the last 500
years (Case and MacDonald, 1995; Wolfe et al., 2000).
Unlike the Great Sand Hills of southwest Saskatchewan, the
Duchess dune field does not appear to have experienced
widespread dune activity in the last 200 years. This suggests
that either drought conditions in the Duchess dune field were
less severe, or local soil, topographic, or vegetation condi-
tions inhibited widespread dune activity during that time.

Paleoenvironmental

Composite stratigraphy Geochronology

interpretation

eolian deposition and
vegetation growth

dune stability in
dry subhumid conditions

localized dune
reactivation due
to drought(s) under
otherwise dry subhumid
conditions

Figure 5.

Composite stratigraphy, geochronology, and
paleoenvironmental interpretation of eolian
deposits in the Duchess dune field. Note that
because of erosional or nondepositional discon-
tinuities, the stratigraphy shown does not corre-

sheet sand ———=| 229+ 20 (SFU-0-117)
high-angled ?
cross bedded —
dune sand ———=" 260 + 26 (SFU-O-120)
4
=~ discontinuity
paleosol
development 403 + 27 (SFU-O-158)
ggg oes?t'i'sg 669-910 (TO-5478)
sheet sand

and paleosols

— discontinuity

increased vegetation
cover and dune
stability in subhumid
conditions; eolian activity
980 + 60 (SFU-O-116)  due to local disturbances

spond to any one individual section, but is a
composite of multiple sections used for the pur-
pose of paleoenvironmental interpretation. For
this reason no scale is shown, although the total
depth of a representative section containing all
units could be between 5 and 7 m thick. Soil and

7> paleosols are shown as grey units.
crossbedded —— 2940 + 200 (SFU-O-119)
dune sand dune activity
in semi-arid
- = conditions
e d [T — 4540+ 420 (SFU-O-118)
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Additional evidence suggests that the Duchess dune field
could be less affected by drought, whereas the Great Sand
Hills area could be more severely affected. Historical climate
records show that drought does not affect the southern prai-
ries uniformly. During the 1987-1988 drought, moisture con-
ditions in the Duchess dune field area were subhumid
whereas those in the Great Sand Hills region were predomi-
nantly semi-arid (Wolfe, 1997). In addition, southwesterly
airflow, which affects the southern prairie region, appears to
have a minimal effect in the Duchess dune field as dunes in
the Duchess area are oriented with winds from the northwest,
in line with the dunes to the north (Fig. 1).

In addition to the stratigraphic and geochronological evi-
dence of dune activity, the chaotic surface geomorphology of
the present-day landscape is indicative of repeated, but local-
ized, dune reactivation. As all the eolian deposits and
paleosols observed in this study date to the late Holocene,
eolian activity has likely reworked most of, if not all, the dune
field in this period.
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