
A total of two hornblende grains were found in the sand fractions 
examined. Neither of the two hornblende grains displayed any 
etching. In order to obtain statistically sound, reproducible results, 
100 grains of hornblende are needed from each sand fraction 
sample. Not enough hornblende grains were available.

RESULTS

Hall, R.D., and Horn, L.L. (1993). Rates of hornblende etching in soils in glacial deposits of the northern   
 Rocky Mountains (Wyoming-Montana, U.S.A.): Influence of climate and characteristics of the parent   
 material: Chemical Geology, v. 105, p. 17-29.
Locke III, W.W. (1979). Etching of Hornblende Grains in Arctic Soils: An Indicator of Relative Age and 
 Paleoclimate: Quaternary Research, v. 11, p. 197-212.
Mikesell, L.R., Schaetzl, R.J., and Velbel, M.A. (2004). Hornblende etching and quartz/feldspar ratios as   
 weathering and soil development indicators in some Michigan soils: Quaternary Research, v. 62, p.   
 162-171.
Soil Survey Division Staff (1993). Soil Survey Manual: US Department of Agriculture Handbook No.18.
Young, B.M., Swartz, D.M., Running, G.L., Jol, H.M., Faulkner, D.J. (2009). Soils and Subsurface GPR 
 Imaging of Fluvial Terraces in the Lower Chippewa River Valley, WI: A poster presented at the annual  
 meeting of the Association of American Geographers, March 22-27, 2009 in Las Vegas, NV.

REFERENCES

Investigating Hornblende Etching as a Relative Dating Technique in the Lower Chippewa River Valley 
Taylor Crist, Benjamin Young, with mentors Garry Running and Doug Faulkner

University of Wisconsin - Eau Claire

The Lower Chippewa River Valley (LCRV), an area unaffected by Late Wisconsin glaciation, 
extends from Dells Pond in Eau Claire to the confluence of the Chippewa and Mississippi 
Rivers (Fig. 1). The LCRV, declared a state scientific area in 2002, is the subject of 
considerable scientific interest because it is characterized by geomorphic and ecological 
complexity and a diverse mosaic of aquatic and terrestrial habitats. Fluvial and eolian landforms 
within LCRV have been studied previously by UWEC students and faculty.  Seven terraces 
have been recognized within the LCRV including the Wissota Terrace (T7) as the highest and 
T1 through T6 inset below T7. Relative dating techniques 
must be implemented in order to enhance the current 
understanding of the natural history of the LCRV. 

INTRODUCTION

BACKGROUND

STUDY LOCATION
Data was collected in the summer of 2008 about 13 miles southwest of Eau Claire, WI. The 
study site, located along 1000th Street about 1 mile southeast of Caryville, WI, includes 
agricultural fields, pasture, and residential land (Fig. 3a-b). 
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The purpose of this research is to determine 
if Hornblende Etching (HE) analysis, a rela-
tive dating method for soils, is a reliable 
method to determine the age of fluvial land-
forms in LCRV. Understanding the age and 
chronological relationships among fluvial and 
eolian landforms within LCRV will be a signifi-
cant contribution to our growing understand-
ing of LCRV geomorphic 
history.

0 75 150 225 30037.5
Meters

±170th Ave.

10
00

th
 A

ve
.

190th Ave.

19
0t

h 
Av

e.

pit 2008-6

pit 2008-1

pit 2008-2

pit 2008-3

pit 2008-4
pit 2008-5

W i s s o t a  Te r r a c e

Soil Pits

Wissota Terrace
T1

T2

T3

T5
Roads
Terrace Scarp

We thank the following for their support: Department of Geography and Anthropology, Office of Student 
Research and Programs for funding this research, the Schuh and Jaquish families for permission to work 
on their property.

ACKNOWLEDGEMENTS

HE Sample Preparation
Soil samples from two soil pits were analyzed for HE (pit 2008-1, A2 
horizon at 20-38 cm depth, C horizon at 71-85+cm depth; and pit 
2008-3, A2 horizon at 24-40 cm depth). These two soil profiles were 
chosen because they represent different fluvial terraces within the 
LCRV. Only two soil pits were analyzed to determine the 
effectiveness of HE analysis among terraces. Samples were dried at 
104 C for 4-6 hours. Approximately 40 g of each sample was placed 
in a Gilson Sonic Sifter and the sand fraction, collected from 125 
micrometer and 250 micrometer sieves, was kept for analysis (Fig. 6 
and 7). 

HE Analysis
Each sand fraction of soil was inspected under a petrographic microscope for grains of hornblende (Fig. 
8a-c). The intent was to separate at least 100 grains of hornblende from each. Each hornblende grain 
would then be analyzed qualitatively under a petrographic microscope (200X) and, with the use of a 
micrometer eyepiece, categorized by the depth and degree of etching after Locke’s (1978) methods. 
Categories from previous authors have represented no etching with a 0, minute etching with a 1, and 
increasing levels of etching up to 6 or 7 (Locke, 1978 and Mikesell et al, 2004). The degree of etching 
can be plotted versus age (log scale) in thousands of years for separate landforms or for 
different sample depths if depth or ages are known independantly).

Depth (cm) Horizon Description
0-24 A 7.5YR2.5/3 (very dark brown); loamy sand; 

weak, subangular to granular fine-medium; 
friable, non sticky, non plastic; roots- fine - 
very fine, few; abrupt, wavy.

24-40 A2 7.5YR3/4 (dark brown); loamy sand; weak, 
subangular; friable, non sticky, non plastic; 
roots-fine, very rare; smooth, clear.

40-60 B1 7.5YR4/4 to 3/4 (brown to dark brown); 
loamy sand; friable, non sticky, non plastic, 
roots-fine-very rare; smooth, clear.

60-71 B2 7.5YR4/4-6 (brown to strong brown); loamy 
sand; very weak, subangular blocks to 
loose; very friable, non sticky, non plastic; 
roots - rare; smooth, clear.

71-87 B3 7.5YR4/6 (strong brown); loamy sand; very 
weak subangular blocks - structureless; 
very friable - loose, non sticky, non plastic; 
roots- fine -very rare; smooth, clear.

87-98 BC1 7.5YR4/6 (strong brown); sand; very weak 
subangular blocking - structureless; very 
friable to loose, non sticky, non plastic; 
roots- none visible; wavy, clear.

98-105 BC2 7.5YR3/4 (dark brown) to 7.5YR4/6 (strong 
brown); sand; heavily iron stained, weak 
subangular blocky; very friable - loose, non 
sticky, non plastic; roots- fine-very rare; 
smooth, gradual.

105-157+ C 10YR5/4 (yellowish brown); sand; massive 
or structureless; weak, subangular blocky; 
friable - loose; roots- very rare; smooth, 
gradual.

Table I- Detailed description of the soil profile 
exposed in soil pit 2008-3,T3 (from Young et al., 
2009).

±

Figure 5- Soil profile exposed in west wall of pit 
2008-3, T3. Yellow lines indicate approximate 
horizon boundaries (from Young et al., 2009).

Figure 4- Excavation of soil pit 2008-3. View to the east.

Figure 7- Gilson Sonic Sifter used for 
separating the fine grain sand fraction.
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Due to the lack of hornblende grains present within the soil 
samples, the HE technique for relatively dating terraces within 
the LCRV is incomplete. 

Future Studies
Future work should include analysis of more samples and more 
volume for each sample. Other techniques used to separate 
hornblende grains include using the Gemini table or using a 
separation liquid such as           to separate the heavy 
hornblende grains from the lighter grains of quartz and feldspar.

SnCl2

Figure 6- Gilson Sonic Sifter 
sieves used for separating the 
fine grain sand fraction.
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(Na0-1 Ca2 (Mg, Fe, Al, Mn)5 [(Si, Al)8 O22] (OH)2)Hornblende                                                                     is the most common heavy mineral in 
many soils (Locke, 1979). Grains of hornblende within a soil preferentially weather along 
cleavage planes, leaving the weathering pattern observed in Fig. 2 (Mikesell et al., 2004). By 
comparing the degree of etching between hornblende grains from different landforms, relative 
ages can be estimated. Theoretically, the more weathered, or etched, a grain is the longer it has 
been exposed to weathering processes after deposition. The degree of etching exhibited by 
hornblende grains in soils increases with time and proximity to the surface, and is dependent on 
soil moisture, climate, and the texture and composition of the parent material (Hall and Horn, 
1993, and Locke, 1979). The rate of etching has been described as a logarithmic function 
decreasing with time (Hall and Horn, 1993). HE has been used as a relative dating technique for 
glacial landforms and to reconstruct paleoclimates (Hall and Horn, 1993, and Locke, 1979).

Figure 2- Microscopic view of hornblende grains showing increasing degree of etching toward 
the right (from Mikesell et al., 2004).

Figure 1- Location of the LCRV in western 
Wisconsin (from Young et al., 2009). 

Figure 3a- Study site location within the LCRV. 
Red box indicates the study location (from 
Young et al., 2009).
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Figure 8- Fine grained fraction samples at magnification 70X. Figure 8a- Sample from pit 2008-1 C 
collected from 71-85+ cm depth. Sample is composed of subrounded to subangular quartz grains with 
lesser subrounded to subangular lithic grains. Figure 8b- Sample from pit 2008-1 A2 collected from 
20-38 cm depth. Sample is composed of subrounded to subangular quartz grains with lesser 
subrounded to subangular lithic grains. Figure 8c- Sample from pit 2008-3 A2 collected from 24-40 cm 
depth. Sample is composed of subangular quartz grains with very minor subangular lithic grains.

Obtaining Samples from LCRV Terraces
Seven soil pits approximately 1.0       were excavated (Fig. 4) to a depth 
where parent material (C horizon) was observed (about 1.0 m deep). 
Standard field methods were used (Soil Survey Division Staff, 1993) to 
describe each sub horizon. Soil descriptions of each horizon included:

• Color (Munsell color chart).
• Texture (using hand specimen method).
• Grain size (using smallest, largest, and average grain sizes) and    
 roundness of grains.
• Structure 
• Consistence (plasticity, rupture resistance, and stickiness).
• Frequency and size of roots were also observed and recorded. 

Samples about 250 mL of each sub horizon were collected for particle size 
analysis and hornblende etching analysis (Fig. 5). 
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Figure 3b- Study site within the LCRV 
displaying the pit locations on T5 and T3 (from 
Young et al., 2009).
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