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Geomorphology of Cliff-Top Parabolic Dunes within the Lower Chippewa River Valley, 
Upper Putnam Park, Eau Claire, Wisconsin

Figure 1. The TSS and RSS are located in upper Putnam Park, Eau 
Claire, Wisconsin and are shown in the USGS 7.5” series, Eau 

Claire East Topographic Quadrangle (1972, photorevised 1982). 
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This investigation is part of a broader body of research underway in the 
Lower Chippewa River Valley (LCRV) of west-central Wisconsin (e.g., 
Olson et. al, 2008, this conference). The LCRV is dominated by sandy 
texture alluvial and glaciofluvial sediments.  These sediments aggraded 
within the LCRV when the Chippewa River acted as a meltwater stream 
during the late-Wisconsinan. Subsequent channel incision created a se-
quence of seven fluvial terraces. The Wissota terrace (Andrews, 1965) 
is the highest and most prominent terrace surface. T6 through T1 are 
inset within the Wissota terrace.  Preliminary reconnaissance of the ter-
races noted conical hills and linear ridges which overlay the Wissota 
and T-6 terrace deposits in several locations throughout the LCRV.  
Both Speer et al (2007) and Beaver et al (2006) reported that these 
landforms consist of sandy texture deposits observed in available expo-
sures.  Vegetation communities associated with them are oak savanna 
with small underbrush. Our investigations within Upper Putnam Park, 
Eau Claire, Wisconsin (Figure 1) focused on the the Roy Street Site 
(RSS) and at the Trimble Street Site (TSS). The RSS and TSS sites 
were selected for investigation because they are representative of the 
conical hills and linear ridges observed on the Wissota and T-6 terraces.  
The purposes of our investigation are:
 1) Determine whether these conical hills and ridges are eolian   
     dunes
 2) Propose a possible mechanism for their genesis
 3) Explain variations in soil morphology across these landforms
 4) Interpret best landuse for these and similar landforms in the   
     LCRV

Introduction

Soil Analysis Methods
Soil pit locations at both RSS and TSS were selected to observe soil 
morphology at representative landscape positions and slope aspects 
(after the CLORPT soil formation model, Jenny 1941). Soil pits were 
roughly one meter square and excavated to a depth of about 1 m, de-
pending on solum thickness (Figure 3). Soil profiles were described 
using standard nomenclature and procedures (Soil Survey Division 
Staff, 1993). The following observations were recorded for each horizon 
identified: depth/thickness of the horizon, color, texture, grain size 
(largest, average, and smallest grain observed with a 10x hand lense), 
sand grain roundness, structure, consistence (rupture resistance, sticki-
ness, and plasticity), and root size/frequency. The lower boundary of 
each horizon was also described in terms of vertical distinctness and to-
pography. A 250 mL sample of each horizon was collected for laboratory 
particle size analysis. 

Laboratory Methods
Each sample was analyzed in the labora-
tory to determine particle size distribution. 
The sand fraction was analyzed in detail 
while the silt and clay fractions were amal-
gamated.  A 30-55 g of each sample was 
weighed. Each sub-sample was sieved 
using a Gilson Sonic Sifter (Figure 4). 
Sieves were 2.0, 1.4, 1.0, 0.71, 0.50, 0.35, 
0.25, 0.18, 0.125, 0.09, 0.063 mm. These 
sieves were used because they allow 
particle-size analysis of the sand fraction at 
the half-phi interval. Material that passed 
through the 0.063 mm sieve, representing 
the silt and clay fraction, was also weighed. 

Methods
GPR Data Collection Methods
Two GPR transects were collected on the RSS 
(Figure 2).  Each transect crossed the crest of the 
conical hill to its base on the Wissota Terrace 
tread. PulseEkko 100 and 1000 GPR units were 
used at frequencies of 50 mHz - 900 mHz. A 
common midpoint survey was conducted in order 
to determine the near surface EM velocity 
through the sediments.  The resulting velocity 
was calculated at 0.1725 m/ns. A laser level 
survey was conducted along the transects using 
a Topcon RL-HA laser level.  The laser level data 
was used to topographically correct GPR profiles.
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Figure 2.GPR 
transect locations at 

RSS (R1 is 41 m 
long, C1 is 50 m 

long). 

Ground Penetrating Radar
Subsurface GPR images revealed two common reflection patterns. Distinct 
continuous to semi-continuous horizontal and inclined reflection patterns, or 
radar facies, can clearly be observed in both profiles. Figures 5 and 6 are ex-
amples of GPR profiles collected at the RSS. 

Results
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Figure 5. GPR profile 100 Mhz along transect C1. Figure 6. GPR profile 200 Mhz along transect R1.
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Soils Analysis
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Subsurface images collected using GPR revealed inclined and horizontal reflection patterns typical of 
eolian sand dunes.  The horizontal reflection pattern observed at the base of the dune is interpreted as 
the contact between Wissota Terrace glaciofluvial deposits and the Roy Street Dune eolian deposits.   
Near surface horizontal reflection patterns accompanied with interior inclined reflection patterns are in-
terpreted as eolian slip face migration on the lee side of the dune (e.g., Jol et. al 2003 and Jol et. al 
1998).   

Both field and laboratory soil investigations revealed weak soil development and minor changes in grain 
size in observable horizons.  Grain size analysis indicated the soils are dominated by medium to fine 
sands.  RSS Pit 4, lowest on the landscape is dominated by coarser grains at depth. However, TSS Pit 4 
did not reach similar coarse grain size at depth. Soil profiles exhibit A-AE-Bw-C or A-Bw-C horizonation.  
E horizons if present are best expressed in summit positions.  A-horizons thicken significantly in the 
downslope direction (Pits 4) suggesting soil erosion upslope and deposition of A-horizon material 
downslope over time.  Wissota Terrace glaciofluvial deposits (coarser sands) and eolian dune deposits 
(medium and fine sands) are readily distinguishable at the Roy Street Site.  Soil profiles described in our 
investigations are consistent with the Menagha Series, 6-12% slope (Thomas 1977).  The Menagha 
series, an Inceptisol, exhibits low fertility, rapid infiltration (excessively well-drained).  Menagha soils are 
prone to erosion by wind, and also surface runoff once disturbed (Thomas 1977).  

GPR and soil investigations at the RSS sites indicate:

1)      Slip-face migration consistent with that observed in eolian sand dunes
2)      Fine-medium sandy texture consistent with eolian sand dunes
3)      the degree of soil development observed at RSS and TSS suggests the eolian sand dunes are sig 
     nificantly younger than the underlying Wissota Terrace.  Suprisingly, no buried soils formed in Wis 
     sota terrace deposits have been observed at either site.   
4)      Proximity to the Wissota Terrace scarp and the absence of buried soils formed in terrace sedi  
     ments but buried by eolian sand dunes suggest a single episode of eolian deposition where dunes  
     formed and stabilized quickly, possibly accompanied by erosion of the Wissota Terrace near the  
     scarp 

A likely explanation for the formation of eolian sand dunes at the RSS and TSS is cliff-top dune forma-
tion (Figure 8a).  We believe the eolian sand dunes observed at the RSS and TSS formed when a me-
ander in the Chippewa River (when the river was at the T-2 level, ~770 ft) was actively migrating into the 
Wissota Terrace (Figure 8b).   The process model for cliff-top eolian sand dune formation has been ap-
plied to similar landforms elsewhere (Arbogast et. al 2001, David 1998, Marsh and Marsh 1987).

Interpretation and Discussion
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Figure 8b. Map showing dominate wind direction and lo-
cation of study area.
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Figure 8a. Cliff-top dune depositional model.

Conclusion 

Based on GPR surveys, soil investigations, and field site proximity 
to the Wissota Terrace scarp both landforms (RSS and TSS): 
 1) appear to be eolian parabolic dunes
 2) are the result of cliff-top depositional processes  
 3) are significantly younger than the Late-Pleistocene  Wissota  
     Terrace deposits.
 4) Our study verifies the interpretation by the Soil Survey of   
     Eau Claire.  The sandy parent material,steep slope, and   
     weak soil development of the eolian landforms that dominate  
     the study area limit the land use options for the area.  We   
     recommend the study area is best left low-intensity such as a  
     green space or a nature preserve.   

 

Four soil profiles were described at RSS and TSS.Three representative soil profiles from the TSS  (summit,  backslope, and toeslope) are shown below along with the data observed in the field (Figure 7). Depth discrepancies between 
data tables and annotated photographs are because the profiles were cleaned prior to being photographed. Tables 1-3 show laboratory results from TSS profiles shown in Figure 7.  Particle-size analysis revealed a consistent overesti-
mation of fines in the field. Textures described in the field as loamy sand or sandy loam are actually sand.  Gray highlights indicate mean grain size, mostly mL consistent with eolian dunes, except profile RSS profile at depth where 
mean grain size is coarser and consistent with fluvial deposits.

Table 1.  Particle size analysis (percent of total weight) of samples collected from horizons observed in soil pit 2007-01, 
Trimble Street Dune Site (R9W, T27N, Sec 28, NW ¼, NE ¼, SW ¼) with modal size highlighted by percent of total weight (grams). 

Particle Size Analysis (Sand Fraction)
Horizon Sieve Diameter * Total Weight
Sample 2.0 1.4 1.0 0.71 0.50 0.355 0.25 0.18 0.125 0.09 0.063 <.063 of Samples
Location vcU vcL cU cL mU mL fU fL vfU vfL silt & clay (in grams)
A 1.1% 0.4% 0.4% 1.8% 26.5% 17.3% 40.1% 6.3% 3.2% 1.2% 0.7% 0.6% 40.189
AE 0.5% 0.1% 0.1% 1.0% 7.9% 29.5% 43.0% 8.7% 5.5% 2.1% 0.8% 0.2% 39.591
B1 0.2% 0.1% 0.2% 1.5% 14.7% 23.7% 38.2% 10.6% 6.6% 2.7% 1.0% 0.4% 39.058
B2 - LF** 0.1% 0.1% 0.2% 1.8% 15.8% 23.1% 43.0% 7.6% 4.9% 2.1% 0.8% 0.3% 42.445
B2 - M** 0.1% 0.1% 0.2% 1.9% 27.2% 18.3% 35.2% 7.4% 5.1% 2.2% 0.9% 0.3% 48.558
C 0.1% 0.2% 1.6% 6.7% 16.8% 24.6% 28.2% 11.6% 7.3% 2.3% 0.6% 0.0% 37.909

*Subdivisions within sand fraction: vcU = very coarse upper (2.0 - 1.14 mm), vcL = very coarse lower (1.41 -1.0 mm),
cU = coarse upper (1.0 - 0.71 mm), cL = coarse lower (0.71 - 0.5 mm), mU = medium upper (0.5 - 0.35 mm), 
mL = medium lower (0.35 - 0.25 mm), fU = fine upper (0.25 - 0.177 mm), fL = fine lower (0.17 - 0.125 mm), 
vfU = very fine upper (0.0125 - 0.088 mm), vfL = very fine lower (0.088 - 0.0625 mm).
**Where  the sample was collected in horizon. L = lower, M = middle, U = upper, LF = Left side.

Table 2.  Particle size analysis (percent of total weight) of samples collected from horizons observed in soil pit 2007-03, 
Trimble Street Dune Site (R9W, T27N, Sec 28, NW ¼, NE ¼, SW ¼) with modal size highlighted by percent of total weight (grams). 

Particle Size Analysis (Sand Fraction)
Horizon Sieve Diameter * Total Weight
Sample 2.0 1.4 1.0 0.71 0.50 0.355 0.25 0.18 0.125 0.09 0.063 <.063 of Samples
Location vcU vcL cU cL mU mL fU fL vfU vfL silt & clay (in grams)
A 21.1% 1.4% 1.8% 8.0% 19.3% 17.5% 23.9% 4.0% 2.1% 0.5% 0.2% 0.4% 46.184
AB 0.6% 0.2% 0.7% 5.0% 35.6% 19.3% 26.3% 6.5% 3.4% 1.1% 0.4% 0.4% 30.874
E 0.5% 0.1% 0.3% 2.9% 20.6% 26.5% 28.4% 11.5% 6.5% 1.7% 0.5% 0.2% 35.922
Bw 0.2% 0.2% 0.3% 3.0% 29.4% 17.3% 38.8% 5.6% 3.1% 1.0% 0.3% 0.1% 46.880
B2 0.1% 0.1% 0.4% 2.8% 21.9% 24.8% 30.9% 10.2% 5.8% 1.8% 0.5% 0.2% 37.521
C 0.3% 0.0% 0.3% 3.1% 38.0% 17.2% 27.8% 7.4% 4.0% 1.0% 0.3% 0.1% 39.225

*Subdivisions within sand fraction: vcU = very coarse upper (2.0 - 1.14 mm), vcL = very coarse lower (1.41 -1.0 mm),
cU = coarse upper (1.0 - 0.71 mm), cL = coarse lower (0.71 - 0.5 mm), mU = medium upper (0.5 - 0.35 mm), 
mL = medium lower (0.35 - 0.25 mm), fU = fine upper (0.25 - 0.177 mm), fL = fine lower (0.17 - 0.125 mm), 
vfU = very fine upper (0.0125 - 0.088 mm), vfL = very fine lower (0.088 - 0.0625 mm).
**Where  the sample was collected in horizon. L = lower, M = middle, U = upper, LF = Left side.

Table 3.  Particle size analysis (percent of total weight) of samples collected from horizons observed in soil pit 2007-04, 
Trimble Street Dune Site (R9W, T27N, Sec 28, NW ¼, NE ¼, SW ¼) with modal size highlighted by percent of total weight (grams). 

Particle Size Analysis (Sand Fraction)
Horizon Sieve Diameter * Total Weight
Sample 2.0 1.4 1.0 0.71 0.50 0.355 0.25 0.18 0.125 0.09 0.063 <.063 of Samples
Location vcU vcL cU cL mU mL fU fL vfU vfL silt & clay (in grams)
A 18.3% 2.4% 3.5% 26.5% 18.2% 12.3% 11.5% 4.0% 2.1% 0.8% 0.3% 0.1% 42.888
A2 7.9% 1.6% 2.1% 9.1% 32.1% 15.6% 22.3% 4.8% 2.5% 1.0% 0.4% 0.2% 31.592
AB1 0.6% 0.2% 0.7% 7.0% 40.1% 14.0% 21.7% 8.2% 4.7% 1.6% 0.8% 0.2% 39.280
AB2 0.0% 0.1% 0.4% 4.0% 51.3% 15.0% 16.3% 6.0% 3.3% 1.7% 0.9% 0.3% 36.201
AB3 0.0% 0.5% 0.4% 3.1% 28.7% 19.5% 35.3% 6.8% 4.1% 1.9% 0.8% 0.2% 46.244
C 0.0% 0.1% 0.4% 4.0% 42.7% 20.8% 35.3% 11.9% 6.7% 1.9% 0.7% 0.1% 31.950

*Subdivisions within sand fraction: vcU = very coarse upper (2.0 - 1.14 mm), vcL = very coarse lower (1.41 -1.0 mm),
cU = coarse upper (1.0 - 0.71 mm), cL = coarse lower (0.71 - 0.5 mm), mU = medium upper (0.5 - 0.35 mm), 
mL = medium lower (0.35 - 0.25 mm), fU = fine upper (0.25 - 0.177 mm), fL = fine lower (0.17 - 0.125 mm), 
vfU = very fine upper (0.0125 - 0.088 mm), vfL = very fine lower (0.088 - 0.0625 mm).
**Where  the sample was collected in horizon. L = lower, M = middle, U = upper, LF = Left side.
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Detailed description of the soil profile exposed in soil pit 2007-1. Upper Putnam Park Trimble Site. 

Depth (cm) Horizon Description 
0 - 5 A 10YR2/2 (very dark brown); sandy loam; *cL, fU,vfU, subangular -

subrounded grains; weak, fine to medium, granular; very friable, 
nonsticky, nonplastic; roots -- fine-many, medium-common; smooth, 
abrupt. 

5 - 13 AE 10YR3/3 (dark brown); sandy loam; *cL, mL, vfU, subangular - subrounded 
grains; weak, medium, granular; very friable, nonsticky, nonplastic; roots -
- fine-many, medium-common; wavy, abrupt. 

13 -18 B1 10YR3/1 (very dark brown); sandy loam; *cL, fU, vfU, subangular -
subrounded grains; weak, medium, granular; very friable, nonsticky, 
nonplastic; roots -- fine-many, medium-common; wavy, abrupt. 

18 - 46 B2 10YR3/6 (dark yellowish brown); loamy sand; *cL, mL, fL, angular -
subrounded; massive; roots -- fine-many; smooth, abrupt. 

46 - 60+ C 10YR4/6 (dark yellow brown); loamy sand; *cU, mL, fL, subangular -
subrounded grains; massive; roots -- fine-moderately few. 

*Sand sizes observed in hand specimens (10x hand lens) (diameter of largest grain, average grain, 
smallest grain). 
Subdivisions within sand fraction: vcU = very coarse upper (1.14-2.0 mm), vcL = very coarse lower (1.0-
1.41 mm), cU = coarse upper (0.71-1.0 mm), cL = coarse lower (0.5-0.71 mm), mU = medium upper 
(0.35-0.5 mm), mL = medium lower (0.25-0.35 mm), fU = fine upper (0.177-0.25 mm), fL = fine lower 
(0.125-0.17 mm), vfU = very fine upper (0.088-0.0125 mm), vfL = very fine lower (0.0625-0.088 mm). 

Summit

Detailed description of the soil profile exposed in soil pit 2007-03. Upper Putnam Park Trimble Site. 

Depth (cm) Horizon Description 
0 - 8 A 10YR3/2 (very dark grayish brown); sandy loam; *cU, mL, fL, subangular - 

subrounded grains; weak, very fine, granular; very friable, nonsticky, 
nonplastic; roots -- fine-many; smooth, abrupt. 

8 - 18 AB 10YR3/3 (dark brown); sandy loam; *cU, mL, fL, subangular - subrounded 
grains; massive; roots-- fine-common; wavy, abrupt. 

18 - 34 E 10YR4/3 (brown); sandy loam; *cU, mL, vfU, subrounded grains; massive; 
roots-- fine-common; smooth, abrupt. 

34 - 39 Bw 10YR3/2 (very dark grayish brown); sandy loam; *cL, mL, vfU, subrounded 
- rounded grains; massive; roots-- coarse-many; smooth, abrupt. 

39 - 55 Bw2 10YR4/3 (brown); sandy loam; *cL, mL, fL, subangular - subrounded 
grains; massive; roots -- very coarse-many; smooth, gradual. 

55 - 60+ C 10YR4/6 (dark yellowish brown); sandy loam; *cL, mU, vfU, subangular - 
subrounded grains; massive; roots -- very fine-moderately few. 

*Sand sizes observed in hand specimens (10x hand lens) (diameter of largest grain, average grain, 
smallest grain). 
Subdivisions within sand fraction: vcU = very coarse upper (1.14-2.0 mm), vcL = very coarse lower (1.0-
1.41 mm), cU = coarse upper (0.71-1.0 mm), cL = coarse lower (0.5-0.71 mm), mU = medium upper 
(0.35-0.5 mm), mL = medium lower (0.25-0.35 mm), fU = fine upper (0.177-0.25 mm), fL = fine lower 
(0.125-0.17 mm), vfU = very fine upper (0.088-0.0125 mm), vfL = very fine lower (0.0625-0.088 mm). 
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Detailed description of the soil profile exposed in soil pit 2007-04. Upper Putnam Park Trimble Site. 

Depth (cm) Horizon Description 
0-8 
 
 
8-15 
 
 
15-36 
 
 
36-61 
 
 
61-78 
 
78-101+ 

A 
 
 
A2 
 
 
AB1 
 
 
AB2 
 
 
AB3 
 
C 

10YR2/2 (very dark brown); sandy loam; *cU, mU, vfu, subrounded -
rounded grains ; weak, very fine, granular; very friable, nonsticky, 
nonplastic; roots -- medium-many; smooth, abrupt. 
10YR3/2 (very dark grayish brown); sandy loam; * cU, mU, vfL, subangular 
- subrounded; weak, very fine, granular; friable, nonsticky, nonplastic; 
roots --medium-common; smooth, clear. 
10YR3/3 (dark brown); sandy loam; *cU, mL, vfU, subangular -subrounded 
grains; weak, very fine, subangular blocky; weak to moderately friable, 
nonsticky, nonplastic, roots -- medium-few; clear, smooth. 
10YR3/2 (very dark grayish brown); sandy loam; *cU, fU, vfU, subangular - 
subrounded grains; weak, very fine, subangular blocky; friable, nonsticky, 
nonplastic; roots--fine to medium-few; smooth, clear. 
10YR3/3 (dark brown); sandy loam; *cU, mL, vfU, subangular - 
subrounded grains; massive; roots-- fine to medium-few; smooth, abrupt. 
10YR6/8 (brownish yellow); sand; *cU, mL, vfU, subangular - subrounded 
grains; loose; roots -- very fine-very few, fine-very few. 

*Sand sizes observed in hand specimens (10x hand lens) (diameter of largest grain, average grain, 
smallest grain). 
Subdivisions within sand fraction: vcU = very coarse upper (1.14-2.0 mm), vcL = very coarse lower (1.0-
1.41 mm), cU = coarse upper (0.71-1.0 mm), cL = coarse lower (0.5-0.71 mm), mU = medium upper 
(0.35-0.5 mm), mL = medium lower (0.25-0.35 mm), fU = fine upper (0.177-0.25 mm), fL = fine lower 
(0.125-0.17 mm), vfU = very fine upper (0.088-0.0125 mm), vfL = very fine lower (0.0625-0.088 mm). 
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Figure 7.  TSS soil profiles and corresponding laboratory particle size analysis

Figure 3.Excavation of Pit 4

Figure 4: Particle 
size analysis sieve 


