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Widespread middle Holocene dune formation in the eastern
Upper Peninsula of Michigan and the relationship to climate and
outlet-controlled lake level

Alan F. Arbogast
Ann G. Wintle
Susan C. Packman

ABSTRACT

Dating of five widely spaced (noncoastal) dunes in eastern upper Michigan by optically
stimulated luminescence of quartz establishes that eolian sand was last mobilized between
ca. 7 and 5.5 ka in theregion. Although thisinterval correspondsto thedrier Altithermal-
Hypsithermal period, climate alone may not have been sufficiently arid to cause dune
formation in this area. Instead, it appears that dune formation may also be linked to
depressed water tables, associated with outlet-controlled low levelsin Lakes Michigan and
Superior. Following dune stabilization, peat began to accumulate in interdune areas ca.

4.4 ka.

Keywords: dunes, Holocene climate, optically stimulated luminescence (OSL) dating, lake

levels, peat.

INTRODUCTION

Dune fields are common in northeastern and
central North America; dunesin mesic regions
are stabilized by forest (e.g., Griga et d.,
1976), and those in the semiarid Great Plains
are anchored by grass (Muhs and Maat, 1993).
No consistent cause for mobilization of spe-
cific dune fields exists; instead, activation de-
pends on regional environmental factors.
Dunes in the Great Plains, for example, acti-
vate because of subtle climate fluctuations
(Muhs and Maat, 1993). In contrast, forested
dunes may require significant environmental
changes to mobilize; these include deflation of
newly deglaciated or subaeria lacustrine sur-
faces or devegetation caused by intensive Ho-
locene drought and/or fire.

The oldest dunes in northeastern North
Americaare generally those that formed in de-
glacial environments that were deflated by
strong winds theoretically associated with a
simulated glacial anticyclone (COHMAP
Members, 1988). The earliest recorded period
of deglacial dune formation occurred in Con-
necticut next to Glacial Lake Hitchcock be-
tween 12 700 and 12400 yr B.P. (Thorson and
Schile, 1995). Astheice sheet retreated, youn-
ger deglacial dunes developed in northern Sas-
katchewan between ca. 10000 and 8800 yr
B.P (David, 1981) and in the Saint Lawrence
lowland between 10 000 and 7500 yr B.P. (Fi-
lion, 1987). Formation of each of these latter
dune fields has been attributed to southeasterly
anticyclonic winds.

Mobilization of currently forested dunes
was also caused by Holocene climate changes.
Forested dunes in Minnesota have been inves-
tigated at Lake Ann (Keen and Shane, 1990)

and Lake Winnibigoshish (Grigal et ., 1976).
Dunes in these fields are parabolic with north-
west trends and formed during the more arid
Altithermal-Hypsithermal climatic interval ca
8000 and 5000 yr B.P, when prairie expanded
into the region. Subsequently, the dunes sta-
bilized with forest when more mesic condi-
tions returned (e.g., Grigal et al., 1976). To the
west, forested dune fields in more arid North
Dakota (Minot dune field; Muhs et a., 1997)
and southern Manitoba (Brandon dune field;
Wolfe et al., 2000) aso have northwest trends,
but in contrast to the Minnesota dunes (e.g.,
Keen and Shane, 1990), reactivated severa
times during the late Holocene because of re-
curring drought. In a similar vein, dunes east
of Hudson Bay in northern Québec formed in
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the late Holocene because fire destabilized
landscapes during cold and dry periods (Filion
et a., 1991).

Although a number of forested dune fields
have been investigated, significant spatial gaps
remain. Few data exist, for example, from
dune fields in the core of the Great Lakes re-
gion (Fig. 1; Arbogast et al., 1997). One of
these dune fields is the Newberry dune field
in eastern upper Michigan, which contains nu-
merous parabolic dunes with arms open to the
northwest. Given the regional glacia history,
the Newberry dune field may have developed
during deglaciation (e.g., David, 1981) be-
cause of anticyclonic winds (e.g., Filion,
1987). This simulated circulatory pattern
(COHMAP Members, 1988) was apparently
present in the region at about this time, as in-
dicated by the southeast-northwest trends of
late glacial spits in northern lower Michigan
(Krist and Schaetzl, 2001). If this dune-form-
ing scenario occurred, however, the dunes
should hypothetically have east trends (e.g.,
Filion, 1987). Instead, the northwest trends of
the dunes suggest a middle Holocene age
(eg., Griga et a., 1976). These conflicting
scenarios present a unique opportunity to test
models regarding postglacial landscape evo-
lution in the core of the Great Lakes region.
This paper tests the hypothesis that the dune
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Figure 1. Location of study sites in Newberry dune field (1, Driggs Lake; 2, Seney Quarry;
3, Auger River roadcut; 4, Rainbow Lodge Quarry; 5, Trout Lake Quarry).
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TABLE 1. OPTICALLY STIMULATED LUMINESCENCE (OSL) DATA

Sample Sample « count rate K U Th B dose rate -y dose rate Cosmic-ray Total dose D, OSL age
number depth (counts/ks-cm?) (%) (ppm) (ppm) (Gylk.y.) (Gylk.y.) dose rate rate (Gy) (ka)
(m) (Gy/k.y.) (Gy/k.y.)

30/Micl 5.0 0.132 = 0.002 1.88 0.60*0.06 171021 144*+009 058=*0.04 0.12=*004 213*010 1442=*236 68=*1.2
30/Mic2 1.5 0.167 = 0.003 181 0.86*+008 183*025 142*0.09 0.60=*0.04 017 =*002 219 *0.10 1495=*163 6.8=*0.8
30/Mic3 1.0 0.146 = 0.003 2.11 0.57 £0.08 223+ 0.24 160+ 0.10 0.66*0.04 0.19+0.02 244 +0.11 1506+ 166 6.2+ 0.7
30/Mic4 7.0 0.156 = 0.003 2.00 0.65=*0.08 221 *0.27 154+*010 0.64*0.04 0.09=*0.05 227 *011 11.60*+281 51=*13
30/Mic5 4.0 0.151 £ 0.003 2.63 0.80*+ 0.07 156 *0.22 198+ 0.12 0.77+=0.04 0.13*0.03 288 *0.13 16.35=*348 57 =*12
30/Mic6 4.0 0.151 = 0.003 2.71 0.69 = 0.08 196 +0.25 2.03*0.12 0.80 *0.05 0.13+0.03 296+ 0.14 16.89 +250 57 *0.9
30/Mic18 1.5 0.188 = 0.003 164 094 *+0.09 214+028 132*+0.08 059=*0.04 0.17=*0.02 208 *0.09 1388 *232 6.7=*1.2
30/Mic19 5.0 0.176 + 0.003 162 0.84 =009 214 =*0.27 129*0.08 057 *004 0.12=*003 197 *0.09 13.05*19 6.6 =10

landscape in upper Michigan developed dur-
ing the middle Holocene by reconstructing the
geomorphic history of the Newberry dune
field.

STUDY AREA

The Newberry dune field mantles the Gla-
ciad Lake Algonquin surface (Larsen, 1987)
and is currently stabilized by a mixed hard-
wood-coniferous forest including sugar maple
(Acer saccharum), red maple (Acer rubrum),
beech (Fagus grandifolia), and jack pine (Pi-
nus banksiana). In many places, interdune de-
pressions contain swamps or bogs that are for-
ested by black and white spruce (Picea
mariana and P. glauca), northern white cedar
(Thuja occidentalis), and tamarack (Larix lar-
icina; Whitney, 1992). The dunes provide the
only lake-plain relief, ranging from 4 to 8 m
in height.

Given the proximity of the Great Lakes, the
regional climate is categorized as humid, con-
tinental, short-season variety. Mean daily high
temperatures range from —4 °C in January to
25°Cin July. Annual precipitationis ~86 cm,
most of which accumulates as lake-effect
snow. Although modern winds are multidirec-
tional, the present annual winds are largely
from the northwest (Eichenlaub et al., 1990).

METHODS

Extensive reconnaissance of the dune field
stratigraphy was conducted by Crozier (1999).
He discovered only 4 exposures (at quarries)
and thus explored the dune stratigraphy at 37
sites with a bucket auger. No buried soils were
identified, either in the dunes or at the eolian-
lacustrine contact. On the basis of this previ-
ous work, we collected samples for determin-
ing the age of dunes at five widely spaced
sites (Fig. 1).

Overall, 10 samples were collected to es-
tablish chronostratigraphic control. Eight sand
samples were collected for optically stimulat-
ed luminescence (OSL) dating (Aitken, 1998).
Six of these sands were obtained from excava-
tions protected from exposure by an opague
plagtic sheet, and the remaining two were col-
lected from a bucket auger that was similarly
covered. The OSL measurements from 180212
wm quartz grains were taken with the single-
aliquot regenerative-dose (SAR) procedure
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(Murray and Wintle, 2000), which has provid-
ed an OSL age of 20 + 10 yr for sand from
an active parabolic dune crest (Bailey et a.,
2001) and OSL ages that correlate with cali-
brated radiocarbon ages for the past 5000 yr
(Murray and Clemmensen, 2001). Values of
the equivalent dose (D), concentrations of K,
U, and Th, and measured dose rates are given
in Table 1, together with the OSL ages. In
addition, two organic samples were processed
for dating via accelerator mass spectrometry
(AMYS) at the Ingtitute for Arctic and Alpine
Research in Boulder, Colorado (see Table DR1
in GSA Data Repository?).

RESULTS
Driggs Lake Site

The Driggs Lake siteislocated in the north-
western part of the dune field, southwest of
Grand Marais (Fig. 1). An OSL sample was
collected near the base of an ~2-m-deep soil
pit and provided an age of 6.7 £ 1.2 ka (30/
Micl8; Fig. 2). To test whether more than one
eolian unit is present, even though there was
no obvious disconformity, the lower part (~5
m deep) of the dune was also sampled for
OSL dating via bucket auger and yielded a
date of 6.6 = 1.0 ka (30/Mic19). The nearly
identical ages from both depths suggest that
al eolian sand within the dune accumulated
in arelatively short period of time.

Seney Quarry

The Seney Quarry is located on the western
side of the dune field (Fig. 1). Exposed here
is ~8 m of dune sand that mantles an ~10-
cm-thick deposit of truncated lacustrine silt
(unit I1; Fig. 2). Humic acids from this silt
provided a calibrated AM S radiocarbon age of
5887-5587 yr B.P (NSRL-3334; 4940 = 60
yr B.P).

There are two eolian stratigraphic units at
the Seney Quarry. The lowermost eolian unit
(unit I1) consists of ~7 m of laminated sands
that dip ~27° to the southeast. An OSL age
of 6.8 = 1.2 ka (30/Micl) was obtained for a
sample collected from this unit. The upper-

1GSA Data Repository item 2002005, Radiocar-
bon ages from the Newberry dune field, is available
from Documents Secretary, GSA, PO. Box 9140,
Boulder, CO 80301-9140, editing@geosociety.org,
or at www.geosociety.org/pubg/ft2002.htm.

most part of unit Il is horizontally truncated
and buried by unit I, which contains horizon-
tally laminated sands (~1.1 m thick) that pro-
vided an OSL age of 6.8 += 0.8 ka (30/Mic2).
These ages for units Il and | indicate rapid
sand accumulation. Inversion of the OSL ages
for the eolian units and the basal AMS age
from the lacustrine unit is most likely ex-
plained by the influx of contaminating organic
acids from the groundwater into the basal silt.

Rainbow Lodge and Trout Lake Quarries

The Rainbow Lodge Quarry and Trout Lake
Quarry are located in the northeastern and
southeastern corners, respectively, of the dune
field (Fig. 1). Each of these sites exposes a
single unit of eolian sand, ~7 m thick (Fig.
2), from which OSL samples were obtained.
At the Rainbow Lodge Quarry, the deposits
are horizontally laminated and provided an
OSL age of 5.7 = 1.2 ka (30/Mic5). At the
Trout Lake Quarry, the sediments dip steeply
(~33) to the southeast and gave an OSL age
of 5.7 * 0.9 ka (30/Mic6).

Auger River Roadcut

The Auger River roadcut is located in the
central part of the dune field (Fig. 1), ~10 km
north of the town of Newberry. Here, inter-
dune depressions are filled with sphagnum
bogs. Although the exposure is ~7 m high
(Fig. 2), only the upper 2 m could be OSL
dated because the lower deposits are disturbed
by off-road traffic. To test whether sand of
more than one age exists at the site, the lower
part of the dune was sampled for OSL dating
via a bucket auger. This probing extended ~7
m deep and indicated that bog peat does not
extend under the dune. In order to determine
the chronologic relation between the dune and
the bog, a sample was collected from the
deepest part (~1.10 m) of the bog for AMS
dating.

These investigations reveal information
about the central part of the dune field. The
lower sample gave an OSL age of 5.1 + 1.3
ka (30/Mic4), whereas the upper sample (1 m
deep) gave an age of 6.2 = 0.7 ka (30/Mic3).
The error margins of both ages overlap and
suggest that the Auger River roadcut contains
sand of asingle age, one that accumulated ca.
6.0 = 0.6 ka. After the dune stabilized, peat

GEOLOGY, January 2002


http://geology.gsapubs.org/

Downloaded from geology.gsapubs.org on November 9, 2010

0 Unit | Horizontal beds
7™ RRESES TTTLLT
4 IRREEN R
167+ 1.2ka 68+08ka [-or
] (30/Mict8) (30Micf2) [
RRCIRNES ':: Foreset Beds [~———u
s NS Jo8 2 12ka [l e 12K
166 £1.0ka [N\ (30/Mict) Pt
(30/Mic19) SN
Driggs Lake R
. N 5887 - 5587
Unit [1I 222 cal. yr B.P.
Seney Quarry

Rainbow Lodge

Trout Lake Quarry

Quarry
Explanation
§5555§% Eolian sand
Foreset Beds |¢ " 'um " 6.2+ 0.7 ka
EIRTETENE RSN Probable
R (30/Mic3) eolian sand
ERCIENEE === Lacustrine
N S LS54 (Pleistocene)
157+£09ka |".-.0. .
(30Mic6) |2 -- Peat
ST SSSSSS Soil
EEIENEY horizons
5.1+ 1.3ka |-»wm - PR
(30Mict) e
Auger River Roadcut (and bog)

Figure 2. Chronostratigraphy at study sites in Newberry dune field.

began to accumulate in the interdune area,
which, according to AMS dating, occurred be-
tween 4568 and 4239 yr B.P (NSRL-10341;
3960 = 50 yr B.P).

DISCUSSION

Geomorphic investigations in the Newberry
dune field yield a record of eolian-sand mo-
bilization in noncoastal dunes in eastern upper
Michigan. Although dunes may have formed
shortly after Glacial Lake Algonquin receded
ca. 10100 yr B.P. (Larsen, 1987), thereis cur-
rently no evidence for this scenario. Instead,
our data indicate that modern dunes devel oped
between ~7 and 5.5 ka (Fig. 3). Given that
no buried soil occurs at the lacustrine-dune
contact (Crozier, 1999), it appears that sandy
|ake sediments were the primary source of eo-
lian sand and that vegetation was relatively
sparse when the dunes formed. This hypoth-
esis is supported by data from western upper
Michigan indicating that outwash deposits
were less densely vegetated than adjacent
(loamy) tills during the middle Holocene
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(Brubaker, 1975). Furthermore, this lack of
evidence for organic deposits being buried by
eolian sand suggests that wetlands were not
present in the study area while the dunes
formed, as they apparently were in other par-
abolic dune fields (e.g., the Nebraska Sand
Hills, Loope et a., 1995). Dune orientations
and azimuths of high-angle foreset beds indi-
cate that the prevailing winds were
northwesterly.

An unresolved issue is the paleoenviron-
mental variable(s) that initiated dune forma-
tion. The simplest explanation is a change to-
ward increased temperatures and/or aridity
that would remove stabilizing vegetation.
Middle Holocene dune formation determined
in this study correlates with dune formation in
Minnesota during the more arid Altithermal-
Hypsithermal between 8000 and 5000 yr B.P.
(eg., Griga et al., 1976). Our OSL ages,
equivalent to uncalibrated radiocarbon ages of
ca. 6000—4000 yr B.P. (Fig. 3), appear to cor-
relate best with the end of dune formation in
Minnesota. During this period, July tempera-

ture is inferred to have been ~2 °C higher in
Minnesota than it is today (~20 °C), mean
annual precipitation could have been ~100
mm less (modern = 660 mm), and prairie ex-
panded into the eastern part of the state (Keen
and Shane, 1990).

A simple interpretation is that the Newberry
dune field formed for similar reasons as the
Minnesota dune fields (e.g., Grigal et a.,
1976). However, the middle Holocene climate
of upper Michigan appears not to have been
sufficiently arid to cause mobilization of eo-
lian sand. For example, pollen data from Pic-
tured Rocks National Lakeshore, ~25 km
northwest of the Driggs Lake site (Fig. 1), in-
dicate that mean annual temperature was only
~1.0 °C warmer than modern temperatures
and annual precipitation was ~9% less (Davis
et al., 2000). Thus, upper Michigan was evi-
dently more mesic (100 mm greater annual
precipitation) in the middle Holocene than
northeastern Minnesota is now, where dunes
are currently stable (e.g., Grigal et a., 1976).
We therefore reject climate change as a sole
cause for dune activity in eastern upper Mich-
igan. It is possible that fire frequencies in-
creased during the middle Holocene, which
may have contributed to dune formation (e.g.,
Filion et al., 1991), but there is no evidence
(e.g., charcoal concentrations, burned wood)
that this occurred.

We propose that isostatically driven water-
level fluctuations in Lake Michigan and Lake
Superior (Fig. 3) are an important cause of
dune activity in the interior of upper Michi-
gan. Following regression from the Glacia
Lake Algonquin stage 10 100 yr B.P, lake lev-
els dropped ~10 m to the Houghton stage in
Lake Superior and ~100 m to the Chippewa
stage in Lake Michigan. These regressions
maximized ~9500 yr B.P and occurred be-
cause isostatically depressed outlets opened to
the east at Sault Ste. Marie for Lake Superior
and at North Bay for Lake Michigan (Larsen,
1987). We hypothesize that groundwater lev-
els within the study area also dropped in re-
sponse to this base-level decrease. Given that
depth to bedrock is as much as 50 m in the
Newberry region (Soller, 1998), a significant
water-table decline could have occurred be-
cause the overlying Quaternary sediments are
dominantly sands and gravels (Soller, 1998)
that are easily drained (e.g., Brubaker, 1975).
Thus far, there is no direct evidence for the
extent or timing of this hypothetical water-
table response. However, if an outlet-driven
groundwater decline occurred in combination
with the slightly warmer and drier middie Ho-
locene climate, dune formation could have
been initiated by the moisture stress on sta-
bilizing vegetation. An additional factor isthat
sand was transported by westerly winds,
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Figure 3. Correlation of dune activity (optically stimulated luminescence [OSL] dates), long-
term lake fluctuations (solid line), and peat formation in study area (modified from Farrand
and Drexler, 1985). OSL ages have been adjusted by using INTCAL 98 (Stuiver et al., 1998),

but maintain their original percentage limits.

which, according to the COHMAP Members
(1988), were stronger than they are today.

Evidence indicates that the Newberry dune
field stabilized ca. 5.5 ka (ca. 4800 yr B.P).
This time of stabilization correlates closely
with the peak of the Nipissing transgression
in the Great Lakes (Fig. 3), which began ca
9000 yr B.P. as the North Bay outlet rebound-
ed (Larsen, 1987), and a return to a dightly
more mesic climate (e.g., Davis et d., 2000).
We thus hypothesize that the combined effects
of more precipitation and an isostatically con-
trolled water-table rise caused dunes to stabi-
lize. This overal increase in effective moisture
culminated with interdune bog development as
seen a the Auger River roadcut at 4.4 ka,
which has continued to the present day.
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