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Abstract 
 
Lamellae are characterized as a soil horizon or band that is less than 7.5 cm thick that 

contain an accumulation of oriented silicate clay bridging sand and silt grains.  

Formation of lamellae differ from region to region.  Multiple hypotheses and theories of 

lamellae formation have been formulated to explain this phenomenon.  Potential 

factors are climate, parent material, and sources of clay.  Sandy soils in the Northern 

Highland of Wisconsin are relatively young soils formed in depositions from the last 

glacial period.  The sand deposits of the Northern Highland are in a continental climate 

influenced by Lake Superior.  These northern Wisconsin lamellae indicate physical and 

chemical differences compared to those in older soils of the driftless, unglaciated area 

of southwestern Wisconsin.  Lamellae formations, particularly in sandy regions, are 

morphologic anomalies that are not well understood.  For this reason, further 

investigation was done to test hypotheses of lamellae formation.  The texture (optical 

investigation), mineralogy (by XRD), and overall composition of select sandy soils of the 

Northern Highland of Wisconsin were examined to determine the genesis mechanism of 

lamellae within these soils.  It was determined that the formation of lamellae bands at 

four different locations was pedogenic (versus depositional) based on the clay 

mineralogy and sand content. 
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Chapter 1  Introduction 

 Lamellae are characterized as soil horizons or bands that are less than 7.5 cm 

thick, usually contorted and wavy, and comprised of an accumulation of oriented silicate 

clay bridging sand grains (Schaetzl, 2000).  These band-like features have been found in 

various soil types around the world; presence of lamellae have been found in sand, silt 

and some clay soils. Lamellae have been found in the sandy outwash soils of the 

Northern Highlands Region in Wisconsin.  Multiple theories of lamellae formation have 

been formulated to explain the presence of these features (Gile, 1979; van Reeuwijk and 

de Villiers, 1985; Schaetzl, 1992; Buurman et al., 1998; Schaetzl and Anderson, 2005; 

Kilibarda, 2007).  However, lamellae formations in sandy regions are a morphologic 

anomaly that are not well understood (Rawling, 2000).  Based on a lack of 

understanding, further investigation should be done to discover the process of lamellae 

formation.  This project was designed to determine the formation of lamellae in the 

sandy outwash soils of northern Wisconsin.   
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Chapter 2  Literature Review 

2.1  Soil Forming Factors of the Northern Highland of Wisconsin 

2.1.1  Geology 

 The Northern Highland is an upland that extends from southern Canada and 

eastward toward the Hudson Bay and southward into the northern regions of Michigan 

and Wisconsin (Martin, 1965).  Geological records have documented that mountains of 

igneous rock were present in this area at one time.  These rocks contain many valuable 

minerals, and as a result, mining has been a major industry in this region.  Precambrian 

crystalline rocks form the Northern Highland core of Wisconsin; it is a southern 

extension of the ancient Canadian Shield (Thornbury, 1965).  The rocks, older than 600 

million years, include granite, gneiss, gabbro, diorite, basalt, quartzite, sandstone, shale, 

and associated metamorphic rocks (Hole, 1976).  Fossils of aquatic organisms indicate 

that this area was completely submerged long enough for materials to accumulate and 

biological activity to take place prior to glaciation.  Glaciers followed, flowing south from 

what is now Canada and again changing the physical geography of northern Wisconsin.   

 This glacial activity was one of the most important influences affecting the soils 

in Wisconsin and across a large portion of the northern United States (Whitson, 1927).  

Wisconsin displays a remarkable variety of glacial materials and landforms.  During the 

Wisconsin Glaciation (approximately 11,500 years ago), the Chippewa Lobe and the 

Wisconsin Valley Lobe engulfed the Northern Highland, extending as far south as Lincoln 

County, Wisconsin (Martin, 1965; Figure 2.1).  The glaciers transported sediment by 
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suspended load (e.g. sediment that was carried within the ice) and bed load (e.g. 

sediment that was carried along the glacier bed floor; Benn and Evans, 1998).  As 

sediments trapped in the glacier were released, new land forms were created.  Water 

from the melting Chippewa Lobe formed the outwash plains throughout the Northern 

Highland (Brady and Weil, 2002); outwash plains are comprised of highly stratified 

gravels and sands.  

 

 

 
Figure 2.1  The extent of glaciations in Wisconsin  (Dott and Attig, 2004). 
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2.1.2  Relief 

 After the glaciers retreated from Wisconsin, the topography of the entire 

Northern Highland changed (Schaetzl, 1992).  From the northern delineation of the 

Northern Highland to the southern part of the region there was an overall loss of 

elevation (Martin, 1965).  Today this landscape has a very gentle slope that extends 

from the Upper Michigan and Wisconsin border in a U-shape to portions of central 

Wisconsin including Portage, Wood, Waupaca, Shawano, and Clark counties (Clayton et 

al., 1992).   

 Though the landscape is generally flat with a gradual southward slope, rolling 

and undulating variations in topography are well documented (Martin, 1965; Hole, 

1976).  Glacial formations and features such as eskers, moraines, kames, kettle lakes, 

and other water bodies are present (Hole, 1976).  Although all the lakes within the 

Northern Highland formed during the Wisconsin Glaciation.  The beds of these lakes 

may be products of previous glacial depressions.    

 The sandy areas of the Northern Highland are rough and hilly, frequently having 

a choppy appearance similar to moraines.  The topography is even more varied due to 

changes in vegetation and weather conditions.  Pit and mound micro-topography, 

though small scale, can have an effect on soil formation.  This can be seen in old growth 

forests due to windthrow action, which not only alters the surface but also the 

development of soils and soil horizons in the affected area (Liechty et al., 1997).  The 

broad, nearly level glacial outwash plains transition to rough, broken glacial moraines 

and areas of pitted outwash within the Northern Highland (Natzke and Hvizdak, 1984).  
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Within the major landscapes of this area, the micro-topography consists of depositional 

variations that can increase the range of slopes.  The undulating, rolling, outwash plains 

typically have slopes ranging from 0 to 26% and the steep hills can reach ≈45% 

(Whitson, 1927; Boelter, 1993).   

2.1.3  Climate 

 The continental arctic, continental polar, maritime tropical, and maritime pacific 

air masses convene and interact over Wisconsin which results in a wide range of 

weather patterns (Hole, 1976).  Wisconsin is located within a temperate, continental 

climatic zone (Finch et al., 1957).  Continental climates generally occur in the interiors of 

land masses. Further classification indicates that Wisconsin has a humid continental 

climate where winters are drier than summers (McKnight and Hess, 2000).    

 Lake Superior influences both precipitation and temperature of the Northern 

Highland, which may cause the local climate to deviate at times from the regional 

classification.  The mean air temperature is -10°C in January and 19°C in July (Burley, 

1964).  The annual precipitation ranges from 760 mm to 860 mm (Holt et al., 1964), 

while the recorded average seasonal snowfall from 1950 to 2004 during the months of 

December through February was 1089 mm (Young, 2010).   

 The Northern Highland experiences a range of conditions.  The City of 

Rhinelander in Oneida County and Two Rivers in Vilas County have weather stations 

installed by the National Oceanic and Atmospheric Administration (NOAA) to monitor 

and record precipitation, wind speed, barometric pressure and temperature data.  From 

1971 to 2000, Rhinelander averaged ≈780 mm of precipitation annually, while Two 
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Rivers averaged ≈760 mm annually (NOAA, 2000).  Bockheim (2003) reported that in 

1980, the mean annual precipitation for the region ranged from 800 mm to 870 mm, 

half of which occurred during the growing season.  From 1971 to 2000, Two Rivers 

reported an average annual temperature of 7°C and Rhinelander reported ≈5°C (NOAA, 

2000).     

2.1.4  Vegetation 

 Palynological data (data derived from the study of pollen, spores, dinoflagellates, 

and other microscopic ‘palynomorphs’) from lake sediments deposited since the last 

glaciation indicate that spruce (Picea sp.) trees were once the dominant genus but have 

been replaced by pine (Pinus sp.; Webb, 1974).  Webb (1974) found that spruce 

predominated until 9600 years B.P., red pine (Pinus resinosa) became abundant and 

prevailed over the spruce until 8500 years B.P., and likewise white pine (Pinus strobus) 

prevailed until 3500-1700 years B.P. (Swain, 1978).   

An analysis of pollen, charcoal, and seeds from sediments in Hell’s Kitchen Lake 

in northwestern Vilas County (Swain, 1978) further investigated vegetation presence.  

From ≈1700-1150 years B.P., the white pine pollen decreased and birch pollen 

increased.  Between 1150-850 years B.P., yellow birch (Betula alleghaniensis) pollen and 

hemlock (Tsuga canadensis) pollen increased and white pine pollen further decreased, 

the moisture in the soil was enough to support growth and development resulting in the 

increase of the birch and hemlock presence (Swain, 1978).  Paper birch pollen was at its 

peak from 850 years B.P. and decreased until 600 years B.P., and aspen (Populus 

tremuloides) pollen increased during these years.   
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From 600-150 years B.P., white pine pollen increased and birch and hemlock 

decreased; cycles of vegetation dominance corresponded with climate change and 

temperature flux (Swain, 1978; Graumlich and Davis, 1993).  From approximately 150 

years B.P to the 1970’s, the vegetation did not correspond with climate variation but 

rather with human disturbance.  Due to logging and forest clearing, white pine and birch 

pollen decreased and birch pollen whereas grass pollen increase (Webb, 1973; Maher, 

1977; Swain, 1978).             

2.1.5  Parent Material 

 As the Chippewa Lobe receded, materials transported by the ice mass were 

deposited.  These materials were deposited as outwash and/or till and sorted or mixed 

with a variety of materials that became the parent material from which the soils in the 

area formed (Hole, 1976).  The sandy soils of Wisconsin developed from a base of quartz 

sand mixed with grains of other silicate minerals, including feldspar and mica.  

Irregularities in the soils occur due to crevasse filling or entrapment of soil materials 

during transportation (Hole and Schmude, 1959).  Coarse materials such as sands and 

gravels were deposited with the aid of fast moving water.  

 The sandy soils of the Northern Highland were derived from a glacier that 

originated from an area of sandstone rocks in a combination of granitic materials in 

Michigan.  These soils include sand and fine sandy loam textures that were deposited by 

the ice without being manipulated by further melting events (Boelter, 1993).  A 

considerable portion of the sandy profiles of this region were formed by the sorting of 

glacial material derived from granitic rocks and have mineralogy of feldspar, 
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hornblende, mica and other minerals that are found in granitic rock (Martin, 1965; 

Mitchell, 1996).    

 

2.2  The Northern Highland Classification and Structure  

The Northern Highland is an ecological landscape recognized and utilized by the 

Wisconsin Department of Natural Resources (WDNR), and the United States 

Department of Agriculture Natural Resources Conservation Service (USDA-NRCS) and 

Forest Service (USDA-FS) for management and conservation practices.  The WDNR has 

developed a classification subset of ecological landscapes within the Northern Highland.  

The National Hierarchical Framework of Ecological Units (NHFEU) is an ecological 

classification system that divides landscapes into subgroups based on climate, 

physiography, water, soils, hydrology, and potential natural communities (Avers et al., 

1994). 

The Northern Highland Ecological Landscape is a grouping of eight Land Type 

Associations (LTAs).  These LTAs were developed according to the classification scheme 

of the NHFEU (Avers et al., 1994).  The LTAs can be applied to a landscape level 

assessment, analysis, and planning process used by participating natural resource 

agencies (Moline, 2001).  The Northern Highland LTAs1 include: Trout Lake Drumlins, 

Vilas-Oneida Sandy Hills, Vilas-Oneida Outwash Plains, Powell Marsh, Northern Highland 

Outwash Plains, Vilas-Oneida Loamy Hills, Rhinelander Moraines, and Oneida Sandy 

Moraines (Figure 2.2).  

1  Further classification and specifics of each LTA can be found through the Wisconsin 
Department of Natural Resources.  In Prep. DRAFT Ecological Landscapes of Wisconsin. State of 
Wisconsin, Dept. of Nat. Resources, Handbook. 1805.1. Madison, WI. 
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Figure 2.2  Land Type Association subgroups of the Northern Highland in 
Wisconsin (Avers et al., 1994). 
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The soil series mapped within these LTAs are Vilas, Rubicon, Hiawatha, Croswell, 

Sayner, and Cublake, which are taxonomically classified within the great group 

Haplorthods.  Mineral analysis of a sample from the Vilas series from Oneida County, WI 

illustrates a high sand content with 89% quartz, 5% feldspar, and 4% quartzite (Hole and 

Schmude, 1959).  Some heavy minerals are also present in trace amounts. 

 It is estimated to take thousands of years for a silty soil to form a developed 

horizon but only centuries for a sandy soil to form a developed horizon.  The difference 

is explained by the different rates of mineral movements (Franzmeier and Whiteside, 

1963).  Sandy soils of the Northern Highland have developed a strong B horizon.  The 

strong brown (a hue of 5YR or redder; a hue of 7.5YR with a color value of ≤5 and a 

chroma of ≤4; a 10YR or neutral hue and a color value and chroma of ≤2; a color of 10YR 

3/1) B horizon qualifies as spodic materials in a soil (Hole, 1976).    

 Another factor in soil formation, especially in sandy materials, is vegetation.  

Where plant communities are stable in sandy soils, distinct horizons have developed in a 

relatively short period of time (Milfred et al., 1967).  Spodosols and spodic horizons can 

form rapidly in sands found in lower topographic positions with accumulations of acidic 

leaf litter and humus (Whitson, 1927).  Leaf litter and other types of organic matter can 

decompose at a higher rate in sandy soils due to the higher rate of illuviation and 

slightly acidic to acidic pH values that are typically present throughout the profile (Hole, 

1976; Bockheim, 2003).   

 Translocation of materials and nutrients occurs throughout the profile with ease 

as a result of the large pores in the sand and the smaller specific surface area than that 
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of a silt or clay particle (Hole, 1976; Brady and Weil, 2002).  Sand lacks the large negative 

particle charge of clays that attracts cations and encourages aggregation; however, 

microscopic examination reveals little evidence of weathering of the sands, but shows 

coatings of iron oxide and clay (Hole, 1976; Schaetzl and Anderson, 2005).   

Many of the soils of the Northern Highland are classified as Spodosols.  Soils that 

have a spodic or a placic horizon that overlies a fragipan are requirements for the 

Spodosol order (Schaetzl and Anderson, 2005; Soil Survey Staff, 2006).  Spodosols occur 

primarily in cool climates under forest vegetation in medium to coarse textured material 

(Steila and Pond, 1989) where conditions favor the development of an organic surface 

layer (Lundstrom et al., 2000).   

 

2.3  Predominant Soil Forming Process in the Northern Highland 
of Wisconsin 
 

Podzolization is the term used to describe the soil forming process in Spodosols 

(Schaetzl and Anderson, 2005).  Podzolization is defined as the migration of aluminum 

(Al) and organic matter, with or without iron (Fe), into the B horizon, resulting in the 

relative increase in concentration of silica in the eluviated layer directly above (Stobbe 

and Wright, 1959; DeConinck, 1980).  The Fe and Al are removed from the leached E 

horizon and are precipitated at further depths, creating a darker and denser layer than 

the E Horizon (Hunt, 1972).  The process can be explained only in part by the solubility 

of ferrous (Fe2+) and ferric iron (Fe3+).  The soluble Fe3+ forms at the point of eluviation, 
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and insoluble Fe2+ forms at the point of illuviation (Buol et al., 2003).  Intense 

weathering by organic acids is a key part of this process (van Hees et al., 2000).   

 

2.4   Family Mineralogy Classes of Phyllosilicates 

 Tetrahedral and octahedrals are two kinds of sheet structures in the 

classification of phyllosilicates.  Variations of these sheet structures and their chemical 

makeup gives rise to a multitude of clay minerals (Birkeland, 1984).  Phyllosilicates in 

which one silica tetrahedral sheet is bonded to one aluminum octahedral sheet are 

called 1:1 phyllosilicates; this group includes kaolinite and serpentine (Olson et al., 

1999).  The 2:1 layer silicates are formed by two silica tetrahedral sheets surrounding 

one Al octahedral sheet.  The basic difference of these two sheet types is in the 

geometrical arrangement of the elements; silicon (Si), aluminum, iron, magnesium (Mg), 

oxygen (O), and hydroxide (OH).  Kaolinites (1:1), smectites (2:1), micas (2:1), and 

vermiculites (2:1) constitute the main portion of the clay fraction of most soils (Buol et. 

al, 2003).  It is possible to further classify clay minerals based on the type of octahedral 

sheets, amount of isomorphous substitution, the amount of charge in the tetrahedral or 

octahedral layers, total charge, and type of the interlayer cation or material (Schaetzl 

and Anderson, 2005).   
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2.5 Phyllosilicates (layer silicates) 

2.5.1  1:1 Kaolinite group 

 Kaolinites are classified as a 1:1 clay mineral including dicktite, nacrite, and 

halloysite (at times).  The products from the decomposition of orthoclase feldspar form 

kaolinite clay minerals (Schulze, 1989).  Kaolinites are synthesized under conditions of 

approximately equal concentrations of Si4+ and Al3+.  An elevated hydronium ion 

concentration and lack of Mg2+ and other base cations, creates the ideal condition for 

kaolinite formation.  Kaolinite can form in soils from Al3+ and Si4+ released by the 

weathering of primary and other secondary minerals.  Aluminum is present in the 

octahedral sheet of the 1:1 structure (Schaetzl and Anderson, 2005).  Kaolinite is often 

the most common clay mineral in acid, intensively weathered soils (Dixon, 1989).  

Kaolinites have very little isomorphous substitution in either the tetrahedral or 

octahedral sheets, and most kaolinites are close to the ideal formula Al2Si2O5(OH)4.  

Consequently, the cation exchange capacity (CEC) and surface area are typically low, 

resulting in soils that are not inherently fertile.     

2.5.2  1:1 Serpentine group 

 The clay minerals in the serpentine group are 1:1 clay minerals formed by 

alterations of olivine, pyroxene and peridotite.  Cobalt (Co), chromium (Cr), nickel (Ni), 

and Al are usually found in this mineral group and could substitute for the Mg 2+ in the 

octahedral sheet (Schaetzl and Anderson, 2005).  These minerals are found in ultramafic 

igneous and metamorphic rocks (Wildman et al., 1968).  Serpentine minerals in the clay 
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fraction are uncommon, except in very young, unweathered soils, because they weather 

easily (Schaetzl and Anderson, 2005).   

2.5.3  1:1 Halloysite group 

 Halloysite minerals form where the concentration of Al3+ approximately equals 

that of Si4+ and is the result of rapid weathering of feldspars  or crystallization of 

allophone or imogolite (Eswaran and Bin, 1978).  This mineral requires a high hydronium 

ion concentration and an exceptionally low concentration of base cations.  Halloysite is a 

1:1 layer structure similar to kaolinite except that the layers are separated by a layer of 

water molecules when fully hydrated (Schaetzl and Anderson, 2005). These minerals 

often occur as tubular or spheroidal particles but has a platy structure when completely 

dehydrated (Schulze, 1989; Schaetzl and Anderson, 2005).  Halloysite forms from 

volcanic deposits, particularly volcanic ash and glass and is less stable than kaolinite.  

Kaolinite over time will be the product from weathering of halloysite (Schulze, 1989).  

2.5.4  2:1 Talc-Pyrophyllite group  

 Talc and pyrophyllite are considered 2:1 clay minerals, with layers stacked one 

above the other.  Talc contains Mg2+ in the octahedral sites and is trioctahedral, while 

pyrophyllite has Al3+ in the octahedral sites and is dioctahedral.  The tetrahedral sheet in 

both minerals contains only Si4+ giving ideal formulas of Mg3Si4O10(OH)2 for talc and 

Al2Si4O10(OH)2 for pyrophyllite.  Talc and pyrophyllite rarely occur in soils; they are 

primarily present only when inherited from low-grade metamorphic rocks in the parent 

material (Schulze, 1989).   
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2.5.5  2:1 Mica group 

 Micas are quite similar to talc and pyrophyllite but instead of having only Si4+ in 

the tetrahedral sites ≈25% of the sites are occupied by Al3+ creating an excess of one 

negative charge per formula unit in the 2:1 layer (Schulze, 1989).  The isomorphic 

substitution that occurs in the octahedral sheet produces a high negative charge of     

1.0 cmolc kg-1. The negative charge is balanced by available monovalent cations; 

commonly potassium (K+) occupies interlayer sites between two 2:1 layers, and as a 

result the K+ in the interlayer is held tightly.  The ideal formula KAl2(AlSi3)O10(OH)2 is for 

a mica mineral with Al in the octahedral sites.  There are several different mica species 

because Fe2+ can substitute Al3+ in the octahedral sheet, and sodium (Na+) or calcium 

(Ca2+) can replace the K+ in the interlayer.   

 Mica in soils is usually inherited from the parent rock and is likely to occur in soils 

derived from various igneous and metamorphic rocks, as well as from sediments derived 

from them.  Muscovite, biotite, and phlogopite are the most common mica minerals.  

These minerals, including the diagenetically formed mica known as illite, are most 

always inherited from parent materials.  Moderate to relatively high concentrations of 

silica and aluminum are required for stability for micas.  Micas, over time, weather to 

other minerals, particularly to kaolinites, vermiculites, and smectites, especially when 

exposed to relatively high hydronium ion concentrations.  The K+ released during 

weathering is an important source of K+ for plants (Schulze, 1989; Buol et al., 2003).   
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2.5.6  2:1 Chlorite group  

 Chlorite minerals are like mica in that they have a 2:1 layer structure with an 

excess negative charge.  In contrast to mica, the excess charge is balanced by a 

positively charged interlayer hydroxide sheet rather than K+.  Chlorite minerals in soils 

are generally primary minerals inherited either from metamorphic rocks that have 

undergone low to medium grade regional metamorphism, or from igneous rocks in 

which pyroxenes, amphiboles, and biotite have been hydrothermally altered to chlorite.  

These are infrequent minerals in soils and when they do occur they generally make up 

only a small amount of the soil.  Chlorite can weather to form vermiculite and smectite 

(Schulze, 1989).  

2.5.7  2:1 Vermiculite group 

 Vermiculites in soils are believed to form almost exclusively from the weathering 

of micas and chlorites under moderate climate conditions (Schulze, 1989; Douglas, 

1989; Sumner, 2000).  Vermiculite is formed under conditions of moderate hydronium 

ion concentrations in the soil solution where K+ is completely removed from interlayers 

of mica, or Mg2+ is removed from chlorite interlayers (Buol et al., 2003).  The 

concentrations of Al in the soil solution must be low, or the Al will be precipitated in the 

interlayers of the mica and form a 2:1-2:2 clay mineral (Sumner, 2000).  

 Vermiculite is hydrated and somewhat expandable, though less so than smectite 

because of its relatively high charge.  The 2:1 layer structure is similar to that of mica; 

however, the cations found in the interlayer position were primarily Ca2+ and Mg2+.  

Major isomorphous substitution occurs in the tetrahedral layer where Al3+ substitutes 
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for Si4+ (Birkeland, 1984).  The high charge per formula unit gives vermiculites a high CEC 

and causes them to have a high affinity for weakly hydrated cations such as K+, 

ammonium (NH4
+), and cesium (Cs+).   

2.5.8  2:1 Smectite group 

 The 2:1 smectites include montomorillonite, bentonite, beidellite, nontronite, 

hectorite, saponite, and sauconite minerals.  These minerals are formed by the 

alteration of mafic igneous rocks rich in Si4+, Ca2+, and Mg2+; the weak linkages by 

cations result in high swelling/shrinking potential (Schulze, 1989).  Slow movement or 

stagnation of soil water high in Si4+ is a necessary process to form smectites.  

 Smectites have a lower charge per formula unit, 0.25 to 0.6 cmolc kg-1, compared 

to vermiculite (0.6 to 0.9 cmolc kg-1) and mica (1.0 kg-1), and the interlayer contains 

exchangeable cations.  Smectites do not fix K+ as readily as vermiculites due to their 

lower layer charge.  Montmorillonite is unstable under conditions of high hydronium ion 

concentration and rapid leaching, but beidellite, an Al-rich smectite, is commonly found 

in the acidic E horizon of some spodosols (McDaniel et al., 1996; Buol et al., 2003).     

2.5.9  2:1 Hydroxy-Interlayered Vermiculite and Smectite Group 

 These minerals are often called secondary chlorites because the combination of 

a 2:1 layer with hydroxyl-Al in the interlayers gives a structure similar to that of chlorite.  

The interlayer of hydroxyl-Al prevents smectite from shrinking and swelling as it 

normally would and reduces K+ fixation by lowering the exchange capacity and by 

preventing the interlayer from collapsing around the K+ in vermiculites.  The interlayer is 
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not exchangeable; therefore, it lowers the CEC of smectite or vermiculite almost linearly 

as a function of the amount of Al3+ adsorbed in the interlayer position (Schulze, 1989).     

 

2.6 X-Ray Diffraction 

2.6.1 Theory of X-Ray Diffraction 

 The basic theory behind XRD is dependent on the structure of the clay mineral 

type (i.e., 1:1 or 2:1).  The crystalline structure and the distance between the planes are 

identifying markers for clay minerals (Schaetzl and Anderson, 2005).  The spacing of the 

planes in the clay mineral is a uniform distance between layers.  The distance between 

one plane and the adjacent plane in a 2:1 or a 1:1 is referred to as the d-spacing.  This d-

spacing is characteristic of the layer type (i.e., octahedral or tetrahedral) and the 

interlayer material (e.g., K+ ions), which leads to mineral identification.  The XRD 

technique not only identifies the mineral but also produces semi-quantitative data of 

the mineral abundance (Brindley, 1980).  Though abundance can be calculated from 

peak heights of the diffractogram (a graph generated based on the intensity of X-rays 

from a particular crystal sample), only estimates can be made; the important aspect of 

the XRD method is the identification of the clay mineral (Whitting and Alardice, 1986).   

2.6.2 Workings of X-Ray Diffraction 

 The XRD procedure requires an X-ray diffractometer.  This instrument consists of 

an X-ray generator, a filter to remove all but one wavelength of the X-ray beam emitted, 

slits to reduce scatter of the X-ray beam, a sample chamber, a goniometer that rotates 

the sample and measures the angle between the sample and the beam, and a detector 
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to measure the intensity of diffracted X-rays at different angles (Moore and Reynolds, 

1997).  An X-ray diffractogram is a recording of the intensity of diffracted X-rays as a 

function of the diffraction angle (Schaetzl and Anderson, 2005). 

 When X-rays of the specified wavelength reach a sample of orientated clay 

particles at an angle of incidence, the X-rays pass through the solid until they strike 

atoms in the crystal structure and are reflected or diffracted (Hughes et al., 1994).  The 

X-rays generated are diffracted off many atoms at different locations in the crystal.   

If the X-rays are ‘out-of-phase’, the crests and troughs do not occur at the same 

time, creating interference that cancels out the original waves (Ebbing and Gammon, 

2009).  However, scattered X-rays that are ‘in-phase’ reinforce one another at angles 

that depend on the separation between parallel planes of atoms (Schaetzl and 

Anderson, 2005).  For X-ray waves to be ‘in-phase’ the crests and troughs occur at 

exactly the same position and create a wavelength that has an amplitude 2× greater 

than the original wave (Ebbing and Gammon, 2009).  The interference is constructive 

when the phase shift is a multiple of 2π; the production of an intense X-ray signal at the 

detector can be quantitatively described by Bragg’s law (Equation 3.1).  This law relates 

the wavelength of the X-rays to the distance between parallel planes of atoms in 

different unit cells of adjacent clay layers (Moore and Reynolds, 1989; Burt, 2004) as:  

𝑛𝜆 = 2𝑑 sin(𝛩)                 [𝐸𝑞. 3.1] 

where n is an integer denoting the order of diffraction, 𝜆 is the wavelength of the X-ray 

wave, d is the spacing between the planes in the mineral lattice structure, and 𝛩 is the 

angle between the X-ray wave and the scattering planes (Schaetzl and Anderson, 2005). 
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2.6.3 X-Ray Diffraction Application 

 Before clays can be identified by XRD, the soil must be pretreated to remove 

aggregating agents.  This is done so that the clay size fraction can be separated from the 

coarser particles by sedimentation (Kunze and Dixon, 1986; Whitting and Allardice, 

1986).  The clay suspension was next subjected to a series of cation and heat 

treatments.  Each was designed to change the d-spacing of certain layer silicates and aid 

in their identification within the sample.  A portion of the clay suspension was reacted 

with a solution containing small, hydrated cations such as Mg2+ (Whitting and Allardice, 

1986) to saturate interlayer adsorption sites.  Another part of the clay suspension was 

reacted with a KCl solution to saturate the interlayer cation adsorption site with K+.  The 

K+ treated samples were subjected to temperatures of 300° or 500°C to determine if the 

crystalline structure remained intact or was destroyed, an indicator for certain clay 

species.    

The treatments produced predictable changes in the d-spacing of different clay 

minerals depending on the mineral’s layer type, layer charge, type of interlayer material, 

and swelling characteristics (Hughes et al., 1994).  Results of the chemical and heat 

treatments were recorded on the diffractogram and then the data were used to identify 

the mineral (Graham, 1999).         
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2.7 Lamellae 

 The sandy soils in the Northern Highland, though containing very small amounts 

of clay, can have identifiable textural clay bands known as lamellae in the B horizon 

(Birkeland, 1984; Schaetzl and Anderson, 2005).  Lamellae are considered to be a soil 

horizon or band <7.5 cm thick that contain an accumulation of orientated silicate clay 

bridging sand and silt grains (Schaetzl, 2000).  Further described by Rawling (2000), 

lamellae are structures in the solum, the upper and most weathered part of the soil 

profile (A and B horizons), that can be characterized and identified as ‘bands’ of 

increased silicate clay and iron, and they are typically recognized by having higher 

chromas, redder hues, and lower color values than adjacent eluvial horizons (Schaetzl, 

2000).  The term ‘band’ is somewhat misleading because it has a connotation of being 

two dimensional while the accumulations of clay are three dimensional; the ‘bands’ 

should be instead labeled as an accumulation or a horizon (Dijkerman et al., 1967).  It 

has been documented that these ‘bands’ or horizons exist; however, the genesis of 

these features are not well understood (Dijkerman et al., 1967).       

 

2.8  Lamellae, Pedogenesis or Deposition?  

It is believed by soil science scholars and soil technicians that clay in the lamellae 

horizons are pedogenically related to the mineral content of the upper solum (Robinson 

and Rich, 1960; Schaetzl and Anderson, 2005).  Mobilization of clay minerals in the 

upper horizons and translocation and deposition in bands in the lower horizons of the 
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soil were the processes most agreed upon for lamellae formation.  It is possible for clay 

to be translocated from the original lamellae band and illuviate further down the profile 

to form new lamellae (Schaetzl, 2000).  Robinson and Rich (1960) proposed that the clay 

minerals originate not only from the upper part of the profile but also from minerals 

found throughout the profile.  In-situ weathering of clay-forming minerals deposited as 

lamellae bands is a pedogenic process; this would be a possible source of clay in soils 

with minimal amounts of clay minerals throughout its solum.  A study tried to recreate 

lamellae in a laboratory setting, and found evidence that the illuviation and deposition 

of materials led to the formation of clay bands in sandy soils, which validated the 

genesis theory (Bond, 1986).   

Other theories of lamellae formation are based upon soil chemical and physical 

properties.  For example, textural layering introduced during packing of soil into 

columns caused bands to form at the top of finer texture layers (Bond, 1986).  Clay 

bands were associated with regions of decreased porosity and pore size (Berg, 1984; 

Bond, 1986).  The differences in particle size of the parent materials can create capillary 

discontinuities sufficient for deposition and that also dictate the lamellae thickness 

(Berg, 1984).   

Textural discontinuities alone may not be enough to hold a thin band of clay; the 

chemical properties of the soil may also affect lamellae presence and formation.  

Lamellae may form due to flocculation of clays at depths where soil has increased pH, or 

increased calcium, magnesium, or free carbonate concentrations (Schaetzl, 1992).  
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Calcareous zones in the soil cause flocculation of clays, stopping the downward 

movement of the clay minerals by suspension (Berg, 1984).   

Another theory is that lamellae are deposited at the upper limit of a wetting 

front; however, a wetting front is dynamic and new depositions can accumulate at a 

textural discontinuity as a new wetting front retreats (Berg, 1984; Bockheim, 2003).  The 

lower limits of the wetting front, or perhaps a calcareous zone with positively charged 

ions, would cause clay to flocculate due to ionic charge or particle settling (Gile, 1979; 

van Reeuwijk and de Villiers, 1985; Schaetzl, 1992).   

Clay particles are the smallest type of soil particles and are easily moved by wind 

and water.  When deposited at a soil surface the clay will percolate through and be 

deposited in the B horizon.  It would then be at such a depth that pedogenesis is 

controlled by sedimentary characteristics such as variation of particle size or wetting 

front (Buurman et al., 1998).  The horizontal lamellae genesis theory infers that clay 

percolates with water through the profile, but if soil textures inhibit further downward 

movement, then the soil solution will move laterally, which could allow for lamellae 

band formation (Gile, 1979). 

Deposition of the banded material as a theory has been explored.  Clay 

deposited by water or wind resulted in bands representing strata of finer textured 

sediments between coarser deposits.  This has been a theory accepted in areas of soil 

development where aeolian and alluvial processes are dominant (Teas, 1921; Neuman, 

1927; Gray et al., 1976; Kemp and McIntosh 1989; Holliday and Rawling, 2005).  Hannah 

and Zahner (1970) investigated lamellae and found that these thicker bands were 
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formed by deposition as glacial lenses in the soil in Michigan.  The bands investigated 

were comparable in mineralogy, structure, and composition to that of the bands within 

a nearby glacial deposit, leading to the theory that lamellae are not formed but rather 

deposited. Sequential bands at the glacial site in Michigan could not be associated with 

pedogenesis due to the depth where they were found, where these eluviations and 

illuviation actions are not common (Hannah and Zahner, 1970).  Another study done in 

Oklahoma investigated lamellae, but evidence of an eluviation/illuviation process was 

not found and it was determined that the lamellae were deposits of an eolian 

environment (Gray et al., 1976). 

 

2.9 Objectives 

This study focused on two components that were essential towards 

understanding the presence of the lamellae in the sandy soils of the Northern Highland 

in Wisconsin.  The particle size distribution and the composition of lamellae bands 

compared to the interlamellae horizons would indicate either deposition or genesis 

based on processes and origin. The types of clay minerals found in the lamellae and 

interlamellae would be a strong indicator of deposition or genesis of the lamellae.  If the 

clay mineralogy was different between the lamellae in the profile and the interlamellae 

and the rest of the profile, then the lamellae formation would most likely be due to 

deposition from a different source.  If the clay mineralogy was the same between the 
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lamellae and the rest of the horizons in the profile, then the lamellae formation would 

be due to pedogenesis.   

The primary objective of this research was to determine lamellae genesis in the 

sandy soils found in the Northern Highland.  The specific objectives were to:  1) 

investigate the physical and chemical property similarities and differences of between 

the lamellae and interlamellae; and 2) determine the genesis of lamellae formation in 

the sandy outwash soils in the Northern Highland of Wisconsin  
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Chapter 3 Field and Laboratory Methods 

3.1  Remote Sensing Methods 

 The site selection within the study area was accomplished with a combination of 

database queries and remote sensing followed by ground truthing.   

3.1.1  Database Query Parameters 

 Soils data of Vilas, Oneida and Lincoln Counties were imported into a Windows 

Office 2007 Access (Microsoft, Redmond, WA) database for further analysis.  Texture, 

parent material type, drainage class, relief, soil temperature and moisture were soil 

attributes that were kept constant during the data mining process.  It was important to 

keep the soil forming factors similar, if not the same in order, to obtain a valid 

comparison without high variability (Jenny, 1941).  

Attributes of interest were based on the soil texture and the parent material, 

and included recent glacial deposits that were predominately sandy.  Parent material 

was classified as sandy outwash with a sandy parent material modifier and the 

taxonomic particle size queried was sandy.  Some of the soils, though classified as sandy, 

had a high gravel or coarse fragment content (due to the nature of sandy outwash soils) 

and were subsequently eliminated from the list of potential sites.   

Drainage class was also considered.  Sandy soils can have drainage classifications 

from very poorly drained to excessively drained and the range of moderately well 

drained to excessively drained soils was one of the criteria for site selection. 
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Relief of the landscape was another criterion that eliminated soils from the site 

selection.  Soils selected for investigation had slopes ranging from 0 to 15% that fell in 

the A, B, and C slope classes of the sandy outwash plains landform.  The soils on >15% 

slope or more were not investigated in order to maintain soil forming factor consistency 

between sites.  A soil on a slope >15% that fell outside of the outwash plain landform 

and was not investigated.   

 Other features examined were based on temperature and moisture.  The soil 

temperature is warmer in the summer than the Cryic classification that indicates the 

temperature regime as Frigid.  The difference between the mean summer and mean 

winter soil temperatures in a Frigid regime is more than 6˚C at a depth of 50 cm from 

the surface or to a densic, lithic, or paralithic contact, or whichever is shallower (Soil 

Survey Staff, 2006).  The soil moisture regime for the study area is Udic, meaning humid.  

The Udic moisture regime indicates that the soil moisture in the control section is not 

dry in any part for 90 cumulative days in normal years.  This moisture regime is 

commonly associated with soils in humid climates that have well distributed rainfall; the 

soils in the study area are within the Udic range of characteristics. 

3.1.2  GIS Application Parameters 

 ArcMap version 9.2 (ESRI, 2009) was used to display the extent of the soils 

generated from the query (Section 3.1.4), as well as to further analyze the data for more 

precise site location possibilities.  The data and shapefiles needed were supplied by the 

NRCS-MLRA office in Rhinelander, WI.  Site selection was done using a series of tools 
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from the ArcMap toolbox.  The steps and processes are summarized by the dataflow 

model (Figure 3.1). 

 

Figure 3.1 Dataflow model for lamellae site selection within the Northern Highland in 

Wisconsin. 

 

The selection of a non-disturbed area was preferred.  The roads throughout the 

study area were buffered to 30 meters to reduce the amount of surface disturbance, 

natural or human, that would affect soil processes.  Proximity to development and 

recent disturbance would be evaluated during the ground truthing portion (Section 

3.1.4) of the study. 

 

-------~ 
~ ___. Bi..trer30meters ---+ 

8 / 



29 
 

3.1.3 USDA-NRCS Soil Survey Parameters: 

The list of soils generated was submitted to the Major Land Resource Area 

(MLRA) office in Rhinelander, WI (Table 3.1).  This office and staff are responsible for 

soils information and interpretation of soil of Northern Wisconsin.  Soil Survey Staff that 

had mapped the soils of that area identified some discrepancies between the soils 

generated from the list and what exists on the landscape (J. Turk, personal 

communication, 2008).   

The Padus series and Pence-Padus complex were eliminated based on advice (J. 

Campbell, personal communication, 2008) and the presence of a high concentration of 

coarse fragments in the lower part of the profile.  Lamellae would not normally be found 

in soils with high amounts of coarse fragments.  

The soils identified as 591A and 594B, Croswell-Chinwhisker complex 

(Appendices 1.1 and 1.2) and Vilas-Lindquist complex (Appendices 1.3 and 1.4) 

respectively, were the only soil complexes of interest found in the Northern Highland.  

These above mentioned soil complexes are classified as lamellic haplorthods (Kroll, 

2006; Voilgtlander, 2006).  These complexes will be used as a standard of lamellae 

presence, provided that lamellae were found. 
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Table 3.1  Soil Data Mart Database results for sandy soil series for investigation. 
 
Map 
Symbol Soil Series County Located 
CrA Croswell sand, 0-3% slopes Oneida 
CrA Croswell sand, 0-3% slopes Vilas 
CrB Croswell loamy sand, 1-6% slopes Lincoln 
CsA Croswell loamy sand, loamy substratum, 0-3% slopes Oneida 
CsA Croswell sand, loamy substratum, 0-3% slopes Vilas 
CsB Croswood loamy sand, 1-6% slopes Lincoln 
KaB Karlin loamy fine sand, 0-6% slopes Oneida 
KaB Karlin loamy fine sand, 0-6% slopes Vilas 
KaC Karlin loamy fine sand, 6-15% slopes Vilas 
KeB Keweenaw-Karlin complex, 0-6% slopes Vilas 
KeC Keweenaw-Karlin complex, 6-15% slopes Vilas 
KnB Keweenaw-Vilas complex, 1-6% slopes Oneida 
PeB Pence-Padus sandy loams, 1-6% slopes Lincoln & Oneida 
PnB Padus sandy loam, 0-6% slopes Vilas 
RoB Rubicon sand, 0-6% slopes Vilas 
RoC Rubicon sand, 6-15% slopes Vilas 
RsB Rousseau loamy fine sand, 0-6% slopes Oneida 
RsC Rousseau loamy fine sand, 6-15% slopes Oneida 
SaB Sayner-Rubicon complex, 0-6% slopes Vilas 
SaC Sayner-Rubicon complex, 6-15% slopes Vilas 
VsB Vilas loamy sand, 0-6% slopes Oneida 
VsB Vilas-Sayner loamy sands, 1-6% slopes Lincoln 
VsC Vilas loamy sand, 6-15% slopes Oneida 
VsC Vilas-Sayner loamy sands, 6-15% slopes Lincoln 
591A Croswell-Chinwhisker Iron & Price 
594B Vilas-Lindquist Iron & Price 
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3.1.4 Ground Truthing 

The sandy soils located within the study area were identified for the next step of 

ground truthing (Figure 3.2).  The sites for ground truthing were randomly selected from 

the soils map generated through the process described in Section 3.1.2.  A point was 

taken using a GPS unit and placed onto the soils map at every location.  Soil samples 

were obtained and notes were taken to a depth of 2 meters below the soil surface using 

a bucket auger.  Notes of the soil surface texture, root limiting discontinuities, and 

especially the presence of textural lamellae were recorded.  

From 2008 to 2010 over 180 sites were investigated within the sandy soils 

identified by the database query (Figure 3.3).  Of the sites investigated, 28 had an 

identifiable lamellae feature in the profile.  However, the features were not completely 

verifiable with a bucket auger; a minimum of three bands still intact from the auger 

sample was needed to be considered a site with strong development.  Four sites (Log 

Homes, Case, County A, and Willow) were selected due to strong lamellae development; 

these sites were then excavated and sampled in detail (Figure 3.4).      
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Figure 3.2  Sandy soil distribution (shaded areas within the Northern Highland 
perimeter) based on the query parameters of parent material, texture, and distance 
from disturbance within the Northern Highland in Wisconsin. 
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Figure 3.3  Locations (dots n=180) at which ground truthing for lamellae was done. 
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Figure 3.4  Sites selected due to a strong presence of lamellae in the soil profile for the 
purposes of the lamellae study in the Northern Highland in Wisconsin. 
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 Due to safety concerns, populated areas with buried fiber optic cables and 

power lines were avoided.  County forests, federal land, public land, pine plantations 

and wooded lots were areas with the least amount of disturbance.  Every effort was 

made to contact local landowners to obtain permissions and complete an investigation 

point.  Agricultural fields were avoided due to the potential disturbance of the crop and 

safety issues if pesticides were applied.  Industrial areas and lumber yards were also not 

selected as sites due to the degree of soil disturbance and heavy traffic of the areas.  

The Chinwhisker and Lindquist components were mapped at a minimal extent.  

Sites with these above mentioned components were not found within the study area. 

Ultimately, these soils could not be used as a standard for lamellae formation.   

 

3.2 Field Methods   

3.2.1 Site Excavation 

 Selected sites for excavation were based on strong visual lamellae presence 

within the bucket auger samples.  Excavation was done while the soil was moist.  Dry 

sands of an open pit can be dangerous due to the possibility of sloughing and pit 

collapse.  While moist, the soil particles are held together by water tension and are safer 

for excavation.  Hand dug pits and backhoe pits were large enough to ensure a visibly 

clean and clear face of the soil profile, and to ensure an accurate description of the 

pedon while maintaining safety.   
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3.2.2 Profile Description 

 Soil profile descriptions were performed according to standard procedures 

(Schoeneberger et al., 2002) by experienced soil scientists employed by the NRCS.  Each 

soil horizon described and identified was sampled in bulk; in quantities large enough to 

perform a full suite of laboratory analysis (Section 3.3).  The lamellae at each of the sites 

were sampled separately to obtain more precise data.  The lamellae (Bt) bands were 

removed from the face of the profile by hand and the E horizon above and below the 

lamellae was brushed from the feature to obtain the sample.  The surrounding E of the 

E/Bt horizon of the lamellae was also sampled separately for further analysis.  

 

3.3 Laboratory Methods 

3.3.1 Particle Size Distribution Analysis 

 The pipette method was used for soil particle size analysis based on procedures 

from the Soil Survey Laboratory Methods Manual (SSLMM; Burt, 2004).  Subclasses of 

sand were also determined, and the percentage of fine clay was determined for soils 

suspected of having illuviated clay.  Fine clay data can be used to determine the 

presence of argillic horizons or as a tool to help explain soil genesis. 

3.3.2 Soil pH 

 Soil pH is one of the most frequently performed determinations, and is one of 

the most indicative measurements of soil chemical properties (McLean, 1982).  

Depending on the dominant clay type, the pH may be used as a relative indicator of base 
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saturation (Mehlich, 1943).  The soil pH was measured with a 1:1 distilled water solution 

and a 1:2 dilute salt solution (Burt, 2004).   

3.3.3 Iron and Aluminum 

 The dithionite-citrate method was used as a selective extractant for organically 

complexed Fe and Al, noncrystalline hydrous oxides of Fe and Al, and amorphous 

aluminosilicates (4G1 in SSLMM; Wada, 1989).  Criteria for spodic designation are based 

on the Fe and Al as determined from this method (Burt, 2004).  The dithionite-citrate 

extract removed the Fe and Al coatings from the sand and clay fractions without being 

so destructive as to remove the cations from the interlayer zones of the clay mineral.  In 

this study, these results indicated if spodic materials were present as well as the 

percentages of Fe and Al through the soil profile. 

3.3.4 Cation Exchange Capacity  

The CEC is a measure of the quantity of readily exchangeable cations that 

neutralize negative charges in the soil (Rhoades, 1982).  The CEC, as well as the active 

acidity and extractable acidity, were determined in each soil sample.  Exchangeable Al 

was determined by using 1 N KCl, which is also a measure of the ‘active’ acidity present 

in a soil sample with a 1:1 water solution of a pH < 5.5.  The extractable acidity was the 

acidity released from the exchange sites when prepared with a BaCl2 TEA solution 

buffered to a pH of 8.2 as defined by 4B2 in the SSLMM (Burt, 2004).  This included all 

the acidity generated by the replacement of H+ and Al3+ from the permanent pH.  The 

amount of exchange sites or the cation exchange capacity was also measured by the 
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CEC-7 and CEC-8.2 methods as found in the SSLMM 4B1a1a1a1 and 4B4b1 methods, 

respectively (Burt, 2004).     

3.3.5 Extractable Bases 

  The extractable bases Ca2+, Mg2+, K+, and Na+ are generally assumed to be those 

exchangeable bases on the cation exchange sites of the soil as per the laboratory 

method 4B1a1b1-4 in the SSLMM (Burt, 2004).  The term extractable rather than 

exchangeable bases is used because any additional source of soluble bases influences 

the results. 

3.3.6 Total Carbon 

 Total C was quantified by dry combustion using method 4H2a1-3 in the SSLMM 

(Burt, 2004).  In total C determinations, all the forms of C in a soil sample are converted 

to CO2 followed by a measurement of evolved CO2 (Nelson and Sommers, 1996).  

Inorganic carbon was determined by treating a sample with hydrochloric acid (HCl) and 

the CO2 emitted was measured using method 4E1a1a1 in the SSLMM (Burt, 2004).  The 

difference between total and inorganic C was an estimate of the organic C.  

3.3.7 X-Ray Diffraction and Optical Mineralogy  

 One of the most useful methods to identify and to make semi-quantitative 

estimates of the crystalline mineral components of soil is X-ray diffraction analysis (XRD) 

(Hughes et al., 1994; Kahle et al., 2002).   

Mineralogy by a full count optical analysis was performed (SSLMM 7B1; Burt, 

2004).  A full optical count can help determine the prominence of source materials in 
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each horizon and then help identify homogeneity or discontinuities throughout the 

profile. 

3.3.8 X-Ray Diffraction of Clay Minerals 

 There are many methods available for the quantitative mineralogical analysis of 

soils;  these include XRD, differential thermal analysis, differential thermogravimetric 

analysis, microscopic analysis, selective dissolution, and ion exchange (Islam and Lotse, 

1986).  The XRD technique is accepted as the best method for quantitative mineralogical 

analysis.  X-ray diffraction can provide identification of the clay materials as well as 

provide insight into the atomic structure and the properties of the clay minerals (Grim, 

1962; Graham, 1999;).  

 

3.4  Statistical Analyses 

 The Statistical Analysis System “SAS” version 9.2 (SAS Institute, Inc., Cary, NC) 

was used to compare data between lamellae and interlamellae.  A mixed model ANOVA 

was used in the analyses because location was random and the horizon is a fixed factor 

(Hill and Lewicki, 2006).  The sample unit used was the pits excavated and the sample 

size was four.  An alpha (α) of 0.05 was used in conjunction with the Bonferroni 

correction applied to α to determine significance (α = 0.006) based on the dependent 

variables (El-Shaarawi and Piegorsch, 2002).   
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Chapter 4  Results 

4.1 Log Homes Site Description 

 A technical description of the soil profile at the Log Homes Site is shown (Table 

4.1).  

 

Table 4.1  Profile Description of the Log Homes Site  
 

  
 

Munsell color 
  

Rock 
Fragments 

 
Horizon 

Depth 
(cm) Moist Boundary Texture† 

>2mm% of 
whole soil Structure‡ 

Ap 0-23 7.5 YR 3/3 
abrupt 
smooth 

LS 3 1f gr/sg 

E 23-33 7.5YR 4/2 
abrupt 
smooth 

LS 5 2msbk 

Bs1 33-38 7.5 YR3/4 
clear 

smooth 
LS 6 2mfsbk 

Bs2 38-58 7.5YR4/6 
clear 

smooth 
S 5 smfsbk 

Bs3 58-107 7.5YR 4/6 
gradual 

wavy 
S 4 1msbk 

E&Bt1 107-140 
10YR 6/4 and 

7.5YR 4/6 
gradual 
smooth 

S 2 sg 

E&Bt2 140 + 
10YR 6/4 and 

7.5YR 6/4  
S 2 massive 

† LS = loamy sand, S = sand ; ‡ 1 = weak, f = fine, m = medium, gr = granular; sg = single 
grain, sbk = subangular blocky 
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4.1.1 Particle Size Distribution  

The clay content decreased with depth from 4.1% clay in the Ap horizon to 0.4% 

clay in the E&Bt2 horizon (Figure 4.1; Appendix 2.1)  The silt content increased from the 

Ap horizon (12.7%) to the E horizon (14.0%), but then decreased through the rest of the 

profile to the lowest amounts (1.6%) in the E&Bt2 horizon (Figure 4.2).  The percent of 

sand in each horizon increased with depth, ranging from 83.2% in the Ap horizon to 98% 

in the E&Bt2 horizon (Figure 4.3).   

 

 

Figure 4.1  Percent clay throughout the soil profile at the Log Homes Site. 
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Figure 4.2  Percent silt throughout the soil profile at the Log Homes Site. 

 

 

Figure 4.3  Percent sand throughout the soil profile at the Log Homes Site. 

 

0

20

40

60

80

100

120

140

0 2 4 6 8 10 12 14 16

De
pt

h 
(c

m
)

% of 0.002 to 0.05 mm Material

Silt

0

20

40

60

80

100

120

140

80 85 90 95 100

De
pt

h 
(c

m
)

% of 0.05 to 2 mm Material

Sand



43 
 

Very small percentages of fine clay (<0.0002 mm) were found throughout the 

profile and were approximately equal from the Ap horizon to the Bs3 horizon (Figure 

4.4).  Following the Bs3 horizon, there was a decrease in fine clay to the bottom of the 

soil profile to the lowest percent of 0.3%.   

 

 

Figure 4.4  Percent fine clay throughout the soil profile at the Log Homes Site. 
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Figure 4.5  Percent sand fraction distribution throughout the soil profile at the Log 
Homes Site. 
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through the entire profile.  The percent of very coarse sand remained fairly consistent 

throughout the profile.   

4.1.2 Total Carbon 

 There was an overall decrease in the amount of total carbon through the profile, 

but broken into two phases (Figure 4.6).  The highest percent of total carbon was found 

in the Ap horizon at 1.54% of the <2 mm fraction and the lowest percent was 0.02% of 

the <2 mm fraction in the E&Bt2 horizon.  The majority of carbon was found in the Ap 

and E horizons (upper solum), total carbon then decreased to the lowest values starting 

in the Bs1 horizon (lower solum).    

  

 

Figure 4.6  Total carbon throughout the soil profile at the Log Homes Site.  
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4.1.3 Iron and Aluminum  

 The percent iron in the soil profile showed a decrease with depth (Figure 4.7).  

The percent of iron did not vary from the surface to the Bs2 horizon.  At the Bs3 horizon 

and lower, the iron in the profile decreased to undetectable amounts in the E&Bt1 and 

E&Bt2 horizons.  The percent aluminum in the soil profile matched the overall trend of 

percent iron, decreasing with depth.  The percent of the aluminum was much less, and 

ranged from 0.1% in each horizon above the Bs3 horizon.  The aluminum decreased to 

trace amounts from the Bs3 horizon to an undetectable amount in the last horizon, 

E&Bt2.   

 

 

Figure 4.7  Free iron and aluminum percentage throughout the soil profile at the Log 
Homes Site.  
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4.1.4 Extractable Bases 

The potassium concentration of 0.1 cmolc kg-1 was the same throughout the 

profile (Figure 4.8).  Magnesium concentration decreased with depth.  The highest 

concentration was in the Ap horizon at 0.3 cmolc kg-1 and the lowest concentration was 

in the E&Bt2 horizon at 0.1 cmolc kg-1.  Calcium concentrations also decreased through 

the soil profile.  The highest concentration was in the Ap horizon at 1.4 cmolc kg-1 and 

the lowest was in the E&Bt2 horizon at 0.3 cmolc kg-1.  The sodium concentration was 

undetectable throughout the soil profile.   

   

 

Figure 4.8 The extractable bases concentration throughout the soil profile at the Log 
Homes Site. 
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4.1.5 pH Values 

The pH values in the profile increased with depth, ranging from 5.2 to 5.8 (Figure 

4.9).  There was a rapid rise from 10-33 cm depths; the pH then increased more slowly 

through the rest of the profile.   

 

 

Figure 4.9  The pH values throughout the soil profile at the Log Homes Site. 
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of the clays in this horizon were vermiculite and 46% were kaolinite.  The mixture of clay 

minerals found in the E&Bt2 horizon was the same as in the Bs2 horizon.  There were 

peaks at 14.39 Å and 7.14 Å, which are signatures of vermiculite and kaolinite, 

respectively.  The vermiculite peak was very small as was the kaolinite peak.  

Calculations indicated that there were ≈40% vermiculite and ≈60% kaolinite in the 

sample.  

 

Table 4.2   X-Ray Diffraction for the Log Homes Site.   

Log Homes Mica Chlorite Vermiculite† Smectite Kaolinite† 
Bs2 - 32-58 cm -- -- 1 -- 1 
E&Bt2 - 140 cm -- -- 1 -- 1 
† 1, very small peak (<110 counts) 

 

4.1.6.2 Optical Analyses 

 The Bs2 and E&Bt1 horizons were selected for optical analysis, little variation of 

minerals in the fine sand fraction (0.1-0.25 mm) was found.  The Bs2 horizon had 78% 

quartz, 14% potassium feldspar, 5% iron oxides (goethite), 2% chert (chalcedony), 1% 

pyroxene, with trace amounts of biotite, plagioclase feldspar, garnet, hornblende, and 

opaques.  The E&Bt1 horizon had 72% quartz, 16% potassium feldspar, 5% goethite, 2% 

chalcedony, 1% weatherable aggregates, 1% biotite, 1% opaques, 1% pyroxene, and 

traces of garnet and hornblende. 
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4.2 Case Site Description 

 A technical description of the soil profile at the Case Site is shown (Table 4.3).  

 

Table 4.3  Profile Description of the Case Site. 
 

  
 

Munsell 
Color 

  

Rock 
Fragments 

 
Horizon 

Depth 
(cm) Moist Boundary Texture† 

>2mm% of 
whole soil 

Structure
‡ 

Ap 0-23 10YR 3/2 
abrupt 
smooth 

LS 5 1fgr 

Bs1 23-41 7.5YR 4/4 
abrupt 
smooth 

LS 5 1msbk 

Bs2 41-51 7.5YR 4/6 
abrupt 
wavy 

S 10 1msbk 

Bs3 51-71 7.5YR 5/6 
clear 

smooth 
S tr sg 

Bw 71-91 7.5YR 5/6 clear wavy S 1 sg 

E&Bt1 91-132 
10YR 5/4 and 

7.5YR 3/4 
clear 

smooth 
S 1 sg 

E&Bt2 
132-
160 

10YR 5/4 and 
7.5YR 3/4 

abrupt 
wavy 

FS 1 sg 

BC 
160-
185 

10 YR 6/4 
clear 

smooth 
S 0 sg 

C 
185-
203 

10 YR 6/3 
 

S 0 sg 

† LS = loamy sand, S = sand, FS = fine sand; ‡ 1 = weak; f = fine, m = medium; gr = 
granular, sbk = subangular blocky, sg = single grain 
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4.2.1 Particle Size Distribution  

The clay fraction (<0.002 mm) decreased overall with depth through the profile 

from 4.8% in the Ap horizon to 0% in the C horizon (Figure 4.10; Appendix 2.2).  The 

percent of silt (0.002 mm -0.05 mm) decreased with depth (Figure 4.11).  There was a 

slight increase in the E&Bt2 horizon to 2.8% from the overlying E&Bt1 horizon, 0.6%, 

and the underlying BC horizon, 0.2%.  The sand fraction percent increased with depth, 

from 83% in the Ap horizon to 100% in the C horizon (Figure 4.12).  As with the other 

soil particle sizes, the transition from the E&Bt1 to the E&Bt2 differed from the overall 

trend of the profile.  The percent of sand decreased in E&Bt2 horizon (96.2%) from the 

overlying E&Bt1 horizon (99.0%) and the underlying BC horizon (99.6%).    

 

 

Figure 4.10  Percent clay throughout the soil profile at the Case Site. 
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Figure 4.11 Percent silt throughout the soil profile at the Case Site. 

 

 

Figure 4.12  Percent sand throughout the soil profile at the Case Site. 
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 The percent of fine clay (<0.0002 mm) decreased throughout the entire profile 

(Figure 4.13).  There was an increase in the Bs2 horizon (2.9%) from the overlying Bs1 

horizon (2.4%) and from the underlying Bs3 horizon (2.7%).  There was an increase in 

the E&Bt2 horizon (2.1%) from the overlying E&Bt1 horizon (1.7%) and the underlying 

BC horizon (1.9%).   

 

 

Figure 4.13  Percent of fine clay throughout the soil profile at the Case Site. 
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 The fine sand fraction (0.10mm-0.25mm) ranged from 16.3% to 50.9%.  The 

greatest percent of fine sand was found in the E&Bt2 horizon and the lowest percent 

was found in the C horizon (Figure 4.14).  Fine sands increased from 24.6% to 32.3% 

from the surface to the Bs1 horizon, and then generally decreased in the Bw horizon 

(29.2%).  There was an increase in fine sand between the Bw horizon and the E&Bt1 

horizon.  A slight increase of fine sand in the E&Bt2 (50.9%) was followed by a decrease 

in the BC horizon (37.3%).  

 The medium sand fraction (0.25mm-0.50mm) was the majority of the sand 

fraction at the Case Site (Figure 4.14).  The percent range was from 35.1% to 82%.  

There were decreases in medium sand in the Bs1 horizon (38.8%), E&Bt1 horizon 

(46.9%), as well as the E&Bt2 horizon (35.1%).  The medium sand fraction increased to 

82% in the C horizon.   

 The coarse sand fraction (0.5-1.0 mm) decreased overall with depth (Figure 

4.14).  The Ap horizon of the Case Site had 5.7% coarse sand and increased slightly by 

1.1% in the Bs1 horizon.  The coarse sand decreased from the Bs2 (4.1%) horizon 

through the Bs3, Bw, E&Bt1, E&Bt2, BC, to the C horizon (0.6%). 

The very coarse sand fraction (1.0-2.0 mm) had very low percentages ranging 

from 2.1% to undetectable levels.  The Ap horizon had 0.8% very coarse sand and 

increased to the highest amount in the Bs1 horizon (Figure 4.14).  At the Bs2 horizon, 

the quantity of very coarse sand was 1.7%, and then decreased to a trace amount in the 

Bs3 horizon.  There was an increase to 0.4% in the Bw horizon, then it decreased to 

undetectable amounts in the C horizon.   



55 
 

 
 
Figure 4.14  Percent sand fraction distribution throughout the soil profile at the Case 
Site. 
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Figure 4.15  Total carbon throughout the soil profile at the Case Site.  
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Figure 4.16  Free iron and aluminum percent throughout the soil profile at the Case Site. 
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4.17).  The calcium concentration in the E&Bt2 horizon was greater than surrounding 

horizons.  Sodium was not detected in any of the horizons examined.   

 

 

Figure 4.17  Extractable bases concentration throughout the soil profile at the Case Site.  
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Figure 4.18  The pH values throughout the soil profile at the Case Site.  
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mica in the sample.  The C horizon was 100% sand (as determined by the particle size 

distribution analysis), resulting in trace to undetectable amounts of clay analyzed by the 

XRD, no peaks were found.  

 
Table 4.4  X-Ray Diffraction for the Case Site.  
  
Case Mica‡ Chlorite Vermiculite† Smectite Kaolinite†‡ 
Bs2 - 41-51 cm -- -- 2 -- 1 
Bw - 71-91 cm 1 -- 2 -- 2 
C – 185-203 cm -- -- -- -- -- 
† 2, small peak (110 to 360 counts); ‡ 1, very small peak (<110 counts) 
 

4.2.6.2 Optical Analyses 

 The analysis of the Bw and E&Bt2 horizons, revealed that there were only slight 

variations based on the minerals within the fine sand fraction.  The Bw horizon had 78% 

quartz, 13% potassium feldspar, 4% goethite, 1% chalcedony, 1% hornblende, 1% 

pyroxene, and trace amounts of biotite, garnet, and the opaques.  The E&Bt2 horizon 

had 73% quartz, 17% potassium feldspar, 2% goethite, 1% chalcedony, 1% garnet, 1% 

hornblende, 1% pyroxene, and trace amounts of biotite and tourmaline.   
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4.3 County A Site Description 

A technical description of the soil profile at the County A Site is shown (Table 
4.5).  
 
 
Table 4.5  Profile Description of the County A Site. 
 

    
Munsell 

Color   
 

Rock 
Fragments 

 
Horizon 

Depth 
(cm) Moist Boundary 

Texture
† 

>2mm% of 
whole soil Structure‡ 

Ap 0-20 7.5YR 3/2 
clear 
wavy 

LS 3 1fgr 

E/A 20-30 
10YR 4/2 and 

10YR 3/2 
clear 

broken 
LS 2 1fgr 

Bs1 30-56 7.5YR 4/3 clear 
wavy 

LS 3 1fsbk 

Bs2 56-76 7.5YR 4/4 clear 
wavy 

LS 4 1fmsbk 

Bs3 76-94 7.5YR 4/6 clear 
wavy 

S 9 sg 

BE 
94-
114 

7.5YR 5/6 clear 
wavy 

S 10 sg 

E&Bt1 
114-
142 

10YR 5/4 and 
7.5YR 3/4 

clear 
smooth 

CoS 17 sg 

E&Bt2 
142-
175 

10YR 5/4 and 
7.5YR 4/6 

clear 
gradual 

S 0 sg 

C 
175-
203 

10YR 6/4 

 

S 1 sg 

† LS = loamy sand, S = sand, CoS = coarse sand; ‡ 1 = weak; f = fine, fm = fine grading to 
medium; gr = granular, sbk = subangular blocky, sg = single grain 
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4.3.1 Particle Size Distribution 

 The clay fraction decreased in content in relationship to depth (Figure 4.19).  The 

surface horizon had 5.1% clay (<0.002 mm). There was, however, a slight increase to 

6.3% in the E/A horizon (Appendix 2.3).  The clay percent decreased in the Bs1 horizon 

(3.9%) and then decreased further in the C horizon (0.4%).  The silt (0.002 mm to 0.05 

mm) was found primarily within the upper 76 cm of the profile (Figure 4.20).  At the Bs3 

horizon (76 cm), there was an overall decrease of silt with depth.  The sand fraction 

(0.05 mm to 2 mm) exhibited an overall increase with depth (Figure 4.21).  The lowest 

percentage was in the Ap horizon (78.9%) and the highest was in the C horizon (98.9%).    

 

 

Figure 4.19  Percent clay throughout the soil profile at the County A Site. 
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Figure 4.20  Percent silt throughout the soil profile at the County A Site. 

 

 

Figure 4.21  Percent sand throughout the soil profile at the County A Site. 
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 The Ap horizon and the Bs3 horizon had the highest percent fine clay at 1.4% in 

the upper part (Figure 4.22).  The E/A horizon and the Bs2 horizon had the lowest 

percent clay at 0.5% and 0.7%, respectively in the upper part.  Below the Bs3 horizon, 

the fine clay percent decreased to 0.4% in the C horizon.  

 

 

Figure 4.22  Percent fine clay throughout the soil profile at the County A Site. 
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Medium sand fraction (0.25 mm to 0.50 mm) was the largest portion of each of 

the horizons in the profile and, overall, increased with depth (Figure 4.23).  There were 

43.6% medium sand in the Ap horizon and 79.3% in the C horizon.  The coarse sand (0.5 

mm to 1.0 mm) was as variable with depth as with the medium sand, and were reflected 

at similar depths above the E&Bt1 horizon.  As the medium sand content increased 

within and below the E&Bt1 horizon, the coarse sand decreased.   

The very coarse sand (1.0 mm to 2.0 mm) was the smallest amount of the sand 

fractions throughout the profile (Figure 4.23).  The Ap horizon had 1.2% followed by a 

slight increase in the E/A horizon to 2.5% .  The highest amount of very coarse sand was 

found in the E&Bt1 horizon at 7.1%.  There were trace amounts in the E&Bt2 horizon 

and only slightly more in the C horizon (0.2%). 

 

 

 



66 
 

 

Figure 4.23  Percent sand fraction distribution throughout the soil profile at the County 
A Site. 
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Figure 4.24  Total carbon throughout the soil profile at the County A Site. 

 

4.3.3 Iron and Aluminum 

 The iron in the profile decreased with depth, from 0.4% of the <2 mm materials 

in the Ap and E/A horizons to undetectable amounts in the E&Bt1 horizon through the 

rest of the profile (Figure 4.25).  The aluminum followed the same trend as the iron, and 

decreased with depth.  The range of aluminum in the profile was from 0.1% in the upper 

part of the profile to undetectable levels of the <2 mm materials in the lower part of the 

profile.   

0

20

40

60

80

100

120

140

160

180

200

0 0.2 0.4 0.6 0.8 1 1.2

De
pt

h 
(c

m
)

% of <2 mm Fraction

Total Carbon

--
------~ ,, 

► 

◄ 

• 

► 



68 
 

 

Figure 4.25  Free iron and aluminum percent throughout the soil profile at the County A 
Site. 
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Figure 4.26  Extractable bases concentration throughout the soil profile at the County A 
Site. 
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Figure 4.27  The pH values throughout the soil profile at the County A Site. 
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small peaks at signatures of vermiculite and kaolinite minerals on the diffractogram.  Of 

the sample, 51% was vermiculite and 59% was kaolinite.    

 

Table 4.6  XRD clay mineralogy for the County A Site. 
 
Horizon Mica Chlorite Vermiculite† Smectite Kaolinite†‡ 
Bs3 - 7 6-94 cm -- -- 2 -- 1 
BE - 94-114 cm -- -- 2 -- 1 
C - 175-203 cm -- -- 2 -- 2 
† 2, small peak (110 to 360 counts); ‡ 1, very small peak (<110 counts) 
 

4.3.6.2 Optical Analyses 

 The BE horizon had 70% quartz, 16% potassium feldspar, 4% opaques, 2% 

goethite, 2% hornblende, 2% pyroxene, 1% biotite, 1% chalcedony, 1% plagioclase 

feldspar, and trace amounts of garnet.  The E&Bt horizon had 70% quartz, 11% 

potassium feldspar, 4% hornblende, 4% opaques, 3% goethite, and 3% pyroxene, 1% of 

biotite, 1% chalcedony, 1% plagioclase feldspar, 1%  garnet, and trace amounts of 

tourmaline.   
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4.4 Willow Site Description 

 A technical description of the soil profile at the Willow Site is shown (Table 4.7).   

 

Table 4.7  Profile Description of the Willow Site. 
 

  
Munsell color 

  

Rock 
Fragments 

 
Horizon 

Depth 
(cm) 

Moist Boundary Texture† 
>2mm% of 
whole soil 

Structure‡ 

A/E 5-20 7.5YR 3/1 
abrupt 
wavy 

LS 2 1fsg 

Bs1 20-43 10YR 2/1 
clear 
wavy 

LS 6 2mgr 

Bs2 43-66 7.5YR 4/4 
clear 

smooth 
CoS 6 1 mcsbk 

BE 66-81 
7.5YR 5/4 and 

7.5YR 4/4 
clear 

smooth 
S 7 1c&msbk 

E&Bt 
81-
135 

10YR 5/4  and 
7.5YR 4/6 

gradual 
smooth 

S 1 sg 

BC 
135-
203 

10YR 6/4 
 

S 1 sg 

† LS = loamy sand, CoS = coarse sand, S = sand; ‡ 1 = weak, 2 = moderate; f = fine, m = 
medium, c = coarse, c&m = coarse and medium; sg = single grain, gr = granular, sbk = 
subangular blocky 
 

4.4.1 Particle Size Distribution 

 The clay content overall decreased with depth from 5.2% clay in the A/E horizon 

to 0.4% in the BC horizon (Figure 4.28; Appendix 2.4).  The silt fraction showed the same 

trend as the clay content, decreasing with depth (Figure 4.29).  The highest percent of 

silt was found in the A/E horizon at 16.7%.  The lowest percent of silt was found in the 
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BC horizon at 1.2%.  The sand percent increased with depth (Figure 4.30).  The sand 

fraction in the A/E horizon was 78.1% and increased to 98.4% in the BC horizon, at 203 

cm.     

 

 

Figure 4.28  Percent clay throughout the profile at the Willow Site.  
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Figure 4.29  Percent silt throughout the profile at the Willow Site. 

 

 

Figure 4.30  Percent sand throughout the profile at the Willow Site. 
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The highest fine clay percentage was found in the surface horizon at 1.6% (Figure 

4.31).  There was a decrease from the A/E horizon (1.6%) to the Bs1 horizon (0.4%), 

followed by an increase in the Bs2 horizon (0.8%).  The fine clay was undetectable in the 

E&Bt horizon and was at a trace amount in the BC horizon.  

 

 

Figure 4.31  Percent fine clay throughout the soil profile at the Willow Site. 
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The decrease mirrored the increase as seen in the coarse sand distribution.  The fine 

sand fraction only slightly increased through the rest of the profile. 

Medium sand (0.25 mm to 0.50 mm) was consistently the highest percentage of 

sand in each horizon.  There was an overall increase with depth with only slight 

variability.  The highest percent of medium sand was found in the E&Bt horizon, while 

the lowest was found in the Bs1 horizon. 

The coarse sand (0.5 mm to 1.0 mm) overall decreased with depth.  There was a 

sharp increase in the coarse sand in the Bs2 horizon (25.2%) with the overlying Bs1 

horizon at 13.9% and the underlying BE horizon at 16.9%.  As mentioned above, this 

increase mirrored the decrease of the fine sand percentage.  The coarse sand fraction 

slightly decreased throughout the rest of the profile.   

The very coarse sand fraction (1.0 mm to 2.0 mm) was found in the highest 

percentages within the upper 81 cm of the profile.  There was an increase of very coarse 

sand from the A/E horizon to the Bs2 horizon, from 2.1% to 6.9%, respectively.  There 

was an overall decrease throughout the rest of the profile. 
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Figure 4.32  Percent sand fraction distribution throughout the soil profile at the Willow 
Site. 
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Figure 4.33  Total carbon throughout the soil profile at the Willow Site.  
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Figure 4.34   Free iron and aluminum percent throughout the soil profile at the Willow 
Site. 
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Figure 4.35  Extractable bases concentration throughout the soil profile at the Willow 
Site.  
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Figure 4.36  The pH values throughout the soil profile at the Willow Site. 
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Table 4.8  X-Ray Diffraction for the Willow Site. 
 

Horizon Mica Chlorite Vermiculite† Smectite Kaolinite‡ 
Bs1 - 20-43 cm -- -- 2 -- 1 
BE - 66-81 cm -- -- 2 -- 1 
BC – 135-203 cm  -- -- -- -- -- 
† 2, small peak (110 to 360 counts); ‡ 1, very small peak (<110 counts) 
 

4.4.6.2 Optical Analyses 

 The samples taken for optical analysis, the Bs1 and E&Bt horizon, revealed that 

there were only slight variations throughout the profile based on the mineralogical 

make up within the fine sand fraction.  The Bs1 horizon had 77% quartz, 14% potassium 

feldspar, 2% iron oxides (goethite), 1% plagioclase feldspar, 1% hornblende, 1% 

pyroxene, and traces of biotite and garnet.  The E&Bt horizon had 68% quartz, 16% 

potassium feldspar, 6% goethite, 2% chalcedony, 2% pyroxene, 1%, garnet, 1% 

hornblende, and traces of biotite, plagioclase feldspar, and muscovite.   
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4.5 Interlamellae and Lamellae 

4.5.1 Particle Size Distribution Analysis 

All sites contained significantly more clay (P =0.001) in the lamellae compared to 

the surrounding interlamellae (Table 4.9).  At all four sites, at least half of the clay found 

in the lamellae was classified as fine clay, and fine clay amounts were significantly higher 

in the lamellae compared to the interlamellae (P=0.0048).  The 2% margin of error for 

clay content measurements (R. Pullman, personal communication, 2010) could explain 

why there was more fine clay material than total clay content in the interlamellae at the 

County A Site. 

 

Table 4.9  Mean percent of particle size distribution analysis from all investigated sites 
for the lamellae and interlamellae. 
 

Particle Size 
Lamellae/Interlamellae 

P value 
% of <2mm Material 

Total Sand 93.9/98.3 0.001* 
Very Fine Sand 1.3/3.4 0.044* 
Fine Sand 25.6/31.8 0.0001** 
Medium Sand 56.9/58.4 <0.0001*** 
Coarse Sand 8.2/4.4 <0.0001*** 
Very Coarse Sand 1.1/0.3 0.0487* 
Silt 2.4/1.3 0.426ns 
Clay 5.1/0.2 0.001** 
Fine Clay 3.0/0.1 0.0048** 

* significant at the 0.05 probability level 
** significant at the 0.01 probability level 
*** significant at the 0.001 probability level 
ns not significant a the 0.05 probability level 
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 All four sites had at least 93% sand in both the lamellae and the interlamellae.  

At each of the sites, there was significantly more (P =0.044) very fine sand in the 

interlamellae compared to the lamellae bands.  The differences ranged from 0.1% at the 

County A Site to 4.2% at the Willow Site.  The fine sand (P= 0.0001) in the interlamellae 

was higher than the lamellae at the Log Homes Site (2%), Case Site (14.1%) and Willow 

Site (11.2%).  However, there was 2.6% more fine sand in the lamellae than the 

interlamellae at the County A Site.   

The lamellae bands had at least 50% medium sand at each site while the 

interlamellae horizons had at least 40% medium sand.  The medium sand was the major 

portion of the sand fraction in each horizon sampled.  The interlamellae horizons at the 

Log Homes Site and the County A Site had more medium sand than the lamellae.  The 

other two sites, Case and Willow, had lamellae that had medium sand contents as the 

majority of that feature.  The Log Homes Site and the Willow Site had the most drastic 

difference in the coarse sand fraction between lamellae and interlamellae.  The lamellae 

at the Willow Site had 14.2% coarse sand whereas the interlamellae were found to be 

5.8%.  The lamellae and interlamellae had 11.7% and 6.5% coarse sand, respectively, at 

the Log Homes Site (Table 4.5).  At the Case and County A Sites, lamellae and 

interlamellae were similar in coarse sand content (e.g. 0.5% and 2.1%, respectively).  

The coarse and very coarse sand fraction was slightly higher in the interlamellae 

compared to the lamellae at the Case Site.  
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4.5.2 Profile Field Observations 

4.5.2.1 Log Homes Site  

 The Log Homes Site had been used as a barrow pit by the previous owner due to 

the homogeneity of the local material.  A cutback into the side of the outwash deposit 

revealed multiple lamellae bands.  There were approximately 25 lamellae visible on the 

face of the profile starting at 107 cm from the surface.  The distance between the 

lamellae bands varied from 1 to 8 cm due to the wavy nature of the lamellae feature 

(Figure 4.37).  The thickness of the bands typically ranged from 0.3 to 0.7 cm with one 

band having a very thick section reaching approximately 3 cm. 

The lamellae bands at the Log Homes Site varied in waviness with depth.  

Overall, lamellae deeper in the soil profile were less wavy.  Also, the initial band in the 

profile was slightly thicker than the ones deeper in the profile.  All the lamellae bands in 

the profile have an abrupt top boundary and a clear bottom boundary (Figure 4.38).  It 

was observed while sampling that the lamellae pieces had slightly more coarse sands 

along the bottom of the feature as compared to a finer material, sand and clay, that was 

within and above the lamellae. 

 The profile face showed that depositional stratification was present.  The 

lamellae bands crossed the fine layers of stratification and had varying degrees of 

waviness.  There were prominent bands that were more resistant to the wind action 

after the pit was opened two days prior.  It was possible to see where the fine sands had 

blown loose and had fallen from the face of the profile to rest on top of the protruding 

lamellae bands (Figure 4.39).   



86 
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Figure 4.37  (A)  The exposed soil profile with lamellae at the Log Homes Site.  The 
lamellae closer to the surface were wavier than the ones deeper in the profile.  

Figure 4.38  (B)  A close up of a lamellae band at the Log Homes Site.  

Figure 4.39  (C)  Multiple lamellae bands with sand perched on lamellae bands at the Log 
Homes Site.   
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4.5.2.2 Case Site 

 The Case Site was on property owned by Case Equipment, and was previously 

use as a ‘make-shift’ landing strip, but is now it is a natural area.  There were 

approximately 10 lamellae bands from 91 cm to 132 cm.  At 132 cm, there was a 

prominent lamellae band (Figure 4.40).  Below 135 cm, the lamellae bands were much 

lighter in value than the lamellae above.  The thickness of the bands ranged from 0.3 cm 

to 0.5 cm and the spacing between the bands averaged 4 cm.  The boundary between 

the different E&Bt horizons was a very defined lamellae band that extended the entire 

width of the soil profile, about 3.5 m.        

 The soil profile characteristics indicated that the outwash sand deposits were 

fairly uniform throughout.  There was a small pocket of gravels, combined with a denser 

material that had more silt and clay, which seemed fairly isolated in the soil profile.  The 

horizons at 51 cm and below were structureless and single-grain.  The lamellae present 

had weak, medium, subangular blocky structure.  It was difficult to determine if there 

was cross stratification by lamellae bands.  The waviness of the bands in the soil profile 

was slightly variable with an overall flat parallel orientation. 

 The lamellae bands had some waviness (Figure 4.41) with the amplitude of the 

wave approximately 2 to 3cm.  It was observed that there were well defined lamellae 

bands near the upper part of the Bt1&E1 horizon (Figure 4.42).  Below the thick lamellae 

(between the Bt1&E1 and Bt2&E2 horizons), the lamellae bands became very difficult to 

sample (Figure 4.43).  While sampling the lamellae that were suitable for extraction it 
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was noticed that there was coarser sand along the bottom of the lamellae as compared 

to the sand within and above the lamellae. 
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Case Site 

Figure 4.40  (A)  The lamellae bands with a 10.2 cm x 10.2 cm square at the Case Site. 

Figure 4.41  (B)  A wavy upper lamellae band at the Case Site. 

Figure 4.42  (C)  A close-up of the thick band in the soil profile at the Case Site. 

Figure 4.43  (D)  The Case Site soil profile (cm).  

C 
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4.5.2.3 County A Site  

There were approximately 10 lamellae bands from 114 cm to 142 cm at the 

County A Site.  The thickness of the bands ranged between 0.4 cm and 0.7 cm (Figure 

4.44) and the spacing between the bands averaged 5 cm.  The boundary between the 

E&Bt1 and E&Bt2 horizons was a prominent lamellae band that extended the entire 

width of the soil profile.          

 The outwash sand deposits were fairly uniform throughout the profile, though 

there were several small pockets of gravels combined with an increase of silt and clay 

(Figure 4.45).  The horizons below 56 cm were structureless and single grain throughout; 

the lamellae also had a designation of structureless and single grain.  It was difficult to 

determine if there was cross stratification by lamellae bands due to lighting conditions 

and wetness of the soil in the profile.   

The waviness of the bands was slightly undulated with an overall flat parallel 

orientation in the soil profile.  The amplitude of the wave was approximately 4 to 6 cm.  

It was observed that there were well defined lamellae bands near the upper part of the 

E1&Bt1 horizon.  These lamellae had an abrupt upper boundary and a clear lower 

boundary.  Below the thick lamellae between the two Bt&E horizons, the lamellae bands 

became very difficult to sample.  While sampling the few lamellae that were suitable to 

analyze for physical and chemical properties; it was noticed that there was coarser sand 

along the bottom of the lamellae as compared to the sand within and above the 

lamellae. 
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County A Site 

Figure 4.44  (A)  Lamellae band less than 0.6 cm (0.25 inch) thick found with a clear 
lower boundary at the County A Site. 

Figure 4.45  (B)  Lamellae bands with a small coarse sand and small gravel pockets 
above the bands at the County A Site. 
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4.5.2.4 Willow Site 

The Willow Site was located on the Willow Flowage.  There were approximately 

15 lamellae visible on the face of the profile, starting at 81 cm (pit was shallow due to 

safety concerns with a hand dug pit in sand).  The distance between the lamellae bands 

varied from 1 to 7 cm in most spots due to the wavy nature of the lamellae feature.  The 

thickness of the bands ranged from 0.3 to 0.7 cm.    

 The outwash sand deposits were fairly uniform throughout; there was a pocket 

of gravel combined with silt and clay in the Bs1 horizon (Figure 4.46).  The structure of 

the sand at 66 cm and deeper was single grain and structureless throughout.  The 

lamellae had a weak thick platy structure.  It was difficult to determine if there was cross 

stratification by lamellae bands due to the lighting conditions and the wetness of the 

soil in the profile.   

 The lamellae bands at the Willow Site varied in waviness with depth.  Overall, 

lamellae deeper in the soil profile were more uniform in the parallel orientation than 

the bands found closer to the surface.  The first few bands in the profile were thinner 

and had clear, rather than abrupt, top boundaries and clear bottom boundaries (Figure 

4.47).  The lamellae bands were slightly thicker above 87 cm (Figure 4.48).  The lamellae 

found below 126 cm were thinner and lighter in value than the bands above.  All the 

lamellae bands from 87 to 126 cm in the profile had an abrupt top boundary and a clear 

bottom boundary.  It was observed while sampling that the lamellae samples extracted 

had coarse sands along the bottom of the feature as compared to finer material, sand 

and clay, within and above the lamellae.   
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Willow Site 

Figure 4.46:  (A)  Willow Site soil profile broken into horizons (cm) with pockets of 
different materials. 

Figure 4.47:  (B)  An example of a clear bottom boundary of the lamellae band at the 
Willow Site. 

Figure 4.48:  (C)  A thicker wavy lamellae found at the Willow Site. 
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4.5.3 Chemical Analyses 

The percent of total carbon was significantly higher (P =0.007) in the lamellae as 

compared to the interlamellae horizons.  The Log Homes Site had 0.04%, the Case Site, 

0.07%, the County A Site 0.05%, and the Willow Site 0.07% more of total carbon in the 

lamellae than the interlamellae (Table 4.10).   

At each of the sites, there was no detectable Al in the interlamellae and trace 

amounts of Al in the lamellae.  Free iron percent ranged from 0.1% to 0.4% of the bands, 

and were statistically higher (P =0.04) in the lamellae, than the undetectable levels in 

the interlamellae (Table 4.6). 

 

Table 4.10  Mean chemical composition and concentrations of lamellae and 
interlamellae for all sites. 
 

 Ca Mg Na K  Total C Fe Al Mn pH 

 cmolc kg-1   % of < 2 mm Material  
Inter-

lamellae 0.13 0 0 0  0.02 0 0 0 6.0 

Lamellae 1.1 0.43 0 0.1  0.08 0.2 0 0 6.0 
P value <0.001*** <0.001*** 1 0.09ns  0.007** 0.04* 1 1 1 

* significant at the 0.05 probability level 
** significant at the 0.01 probability level 
*** significant at the 0.001 probability level 
ns not significant at the 0.05 probability level 
 

The extractable bases in the lamellae, as well as the interlamellae, were 

analyzed.  Sodium concentrations were undetectable in both features at all sites (Table 

4.6).  The Ca2+ concentration in the lamellae was higher (P =<0.001) than the 

interlamellae in all four site locations.  Potassium concentration did not differ 
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significantly (P =0.09) between the lamellae than the interlamellae.  At each location, 

the lamellae had a considerably higher (P =<0.001) concentration of Mg than the 

interlamellae.  All the interlamellae horizons had undetectable concentrations of Mg 

except for the Log Homes Site, where there was a trace amount detected.  There was no 

significant difference (P =1) in pH between the lamellae and the interlamellae. 

4.5.4 Clay Mineralogy 

At each site, the interlamellae were predominately kaolinite.  At the Willow Site, 

it was the only clay mineral found.  Samples from the County A Site did not reveal any 

clay minerals in the interlamellae, even with saturation of the sample (Table 4.11).  

There was 15% more kaolinite than vermiculite in the interlamellae portions at the Log 

Homes Site, 16% more at the Case Site, no difference at the County A Site and 100% 

difference at Willow (where there was no vermiculite detected).  There was no 

statistical difference (P =0.37) between the lamellae and interlamellae in kaolinite 

presence, meaning that the clay mineral is found throughout the profile.   
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Table 4.11  X-Ray Diffraction clay mineralogy determination. 
 
                                                                                NSSL Code                         VR               KK 
Sites 
Log Homes Interlamellae KK1 VR1 27% 42% 

Lamellae VR2 KK1 46% 29% 
Case Interlamellae KK1 VR1 42% 58% 

Lamellae VR2 KK1 71% 29% 
County A Interlamellae undetectable   

Lamellae VR2 KK1 67% 33% 
Willow Interlamellae KK1  100% 

Lamellae VR2 KK1 71% 29% 
† KK, kaolinite; VR, vermiculite; 1, very small peak (<110 counts); 2, small peak (110 to 
360 counts)  

 

The lamellae in each of the pedons had a higher quantity of clay as compared to 

the interlamellae horizons.  There was a significant difference in the percentage of clay 

found (P=0.001) and a significant difference for vermiculite (P=0.0083) between the 

lamellae and interlamellae.  At each site, vermiculite was the dominant clay mineral in 

the interlamellae.  There was 17% more vermiculite than kaolinite at the Log Homes 

Site, 42% more at the Case and Willow Sites, and 34% more at the County A Site.  

The calculated percentages were semi-quantitative and were not absolute, for it 

is unrealistic to individually count clay minerals in a sample.  Calculations are based on 

the intensity of the signature peak of the clay mineral on the diffractogram.  The 

percentages do not combine to 100% due to the interference of quartz in the sample, as 

well as a possibility of other minerals at low counts that were not detectable by the XRD 

instrument.    
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Chapter 5 Discussion 

There are two critical components to understand the genesis of the lamellae in 

the sandy soils of the Northern Highland in Wisconsin.  These are the particle size 

distribution and clay mineralogy.  The presence of basic cations and free iron oxides in 

the lamellae and interlamellae horizons were also investigated as supporting evidence 

to genesis hypotheses.   

 

5.1 Physical Attributes 

5.1.1 Particle Size Distribution Analysis 

 Outwash sandy soils are inherently stratified during deposition (Bouabid et al., 

1992).  The coarser sands were deposited with faster moving water and the finer sands 

were deposited as the water velocity slowed (Brady and Weil, 2002).  The determination 

of the soil particle distribution throughout the soil profile can lead to an understanding 

of the soil forming processes that occurred at each site. 

 The particle distribution analysis showed textural stratification throughout the 

profile supporting the soil deposition process as outwash.  At each site, there were 

lower levels of very fine and fine sands as compared with medium sand.  There were 

also differences in sand composition between the lamellae and interlamellae at each of 

the sites.  The sand of the interlamellae at the Log Homes, County A, and Willow Sites 

had higher fine and very fine sand percentages as compared to the lamellae bands.  This 

would create a discontinuity in pore sizes between the lamellae and interlamellae.  At 
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the Case Site, there was more very fine and fine sand in the interlamellae, as well as 

more coarse sand, compared to the lamellae bands; however, there was more medium 

sand and very coarse sand in the lamellae bands.  The difference in pore spaces was a 

result of the different outwash deposits.  Water movement throughout the profile 

would be affected by these small discontinuities.   

 The clay fraction of the lamellae and interlamellae was analyzed for content and 

mineralogy.  The nature of the soils at each of the sites was predominately sandy, clay 

percentages were very low throughout, but the accumulation and origin of clay in the 

lamellae bands is often questioned.  There are several possible sources of clay minerals 

(R. Schaetzl, personal communication, 2010).  The clay minerals could have been 

deposited with the sand and settled into the lamellae bands.  Clay materials may have 

originated from a clay source closer to the surface and percolated through the profile 

until lamellae were formed (Robinson and Rich, 1960; Schaetzl, 2000; Schaetzl and 

Anderson, 2005).  Clay also could have been formed in-situ from weathering of coarser 

materials (Douglas, 1989; Schulze, 1989; Sumner, 2000).  Weathering would explain why 

there were only small amounts of biotite within the mineralogy counts. 

5.1.2 X-Ray Diffraction and Optical Mineralogy 

 The source of the sands in the outwash plains of the Northern Highland in 

Wisconsin was granitic rocks in Canada (Martin, 1965).  There was biotite in the granite 

rock that would contribute to the formation of vermiculite under chemical weathering 

processes (Bassett, 1961).  There were trace amounts (up to 1% of biotite) at each of the 

sites.  As discussed previously, there were two types of clay minerals: kaolinite and 
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vermiculite.  There was a higher percentage of vermiculite in the lamellae as compared 

to kaolinite.  Since vermiculite was more abundant in the lamellae bands, it would 

indicate that vermiculite materials had moved from the horizon above and were 

deposited as a band.  This movement of clay would render a horizon above the lamellae 

band with a lower amount of that mineral.   

 The highest clay percent was found in the lamellae bands and the lowest was 

found in the interlamellae zones.  A 2:1 vermiculite clay in the lamellae has a higher 

cation exchange capacity (CEC) compared to the 1:1 kaolinite predominately found in 

the interlamellae (Brady and Weil, 2002).  The higher CEC of vermiculite would 

contribute to the elevated percentages of free iron oxides compared to the 

interlamellae horizons.   

 

5.2 Lamellae Formation and Process   

 Water movement through a profile of stratified materials, as in outwash soil, 

would be highly variable due to the variation in hydraulic conductivity of each stratum 

(Bouabid et al., 1992).  Precipitation would infiltrate through the soil profile at a steady 

rate until a textural discontinuity was encountered and downward movement was 

stopped.  Coarse and very coarse sands provide less surface area for water holding and a 

higher potential compared to the fine and very fine sands above lamellae bands (Hillel, 

1998).  Only when the water content of the overlying fine and very fine soil reached 

saturation and the matric potential gradient was raised sufficiently, would water move 

into the coarse and very coarse sands (Hillel, 1998; Brady and Weil, 2002).  As the 
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wetting front reached the coarse material, the potential gradient is initially not great 

enough to move water into the layer and the liquid would then spread laterally.  After a 

period of time, the water potential of ≈-1 kPa or more is reached, downward movement 

into the coarse stratum can occur (Brady and Weil, 2002). 

 The cessation of downward water movement and the beginning of lateral 

movement of water above the discontinuity could be the initial mechanism for lamellae 

formation.  When the water slows at the edge of the textural discontinuity, the small 

particles, dissolved iron, and basic cations in the water would precipitate out (R. 

Schaetzl, personal communication, 2010).  Because fine clays are easier to translocate 

with water movement than clay sized materials, there is a higher fine clay to clay ratio in 

the lamellae bands (Rawling, 2000).  The first band of lamellae would be the thickest 

since the majority of the materials that could be translocated from the horizons above 

would have been deposited at that discontinuity.  Subsequent precipitation events 

would percolate through the horizon, stop at the thin lamellae and deposit more clay 

materials on the top of the current band. 

 Lamellae bands at each site had some degree of vertical waviness.  Some of the 

waviness was due to the nature of the outwash.  The coarse stratum was not deposited 

completely level throughout the profile and the lamellae took on a characteristic wavy 

nature (Bouabid et al., 1992).  The wetting front became unstable when the percolating 

water would transition from a fine textured, overlying horizon to a coarse textured 

horizon (Hillel, 1998).  Water, rather than spreading as a completely even lateral wetting 

front, would concentrate in an area, in a path of preferential flow, then break into the 
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coarse sublayer and form a finger like protrusion.  This flow path would contribute to 

the increased amplitude of the already formed lamellae bands (Kung, 1990; Hillel, 1998).   

 

5.3 Soil Chemical Properties 

5.3.1 Base Cations 

 There were higher concentrations of the base cations in the lamellae bands 

compared to the interlamellae horizons because that is where the cations precipitated 

along the edge of the wetting front (Hillel, 1998).  Vermiculite, with a higher CEC 

potential, would be able to attract the basic cations.  As discussed in Section 4.6.4, 

vermiculite was found in higher concentrations in the lamellae bands and thus higher 

concentrations of base cations would be expected in the lamellae compared to the 

interlamellae horizons (Buol et al., 2003; Schaetzl and Anderson, 2005).  The higher 

amounts of base cations would attract and flocculate more clay minerals (vermiculite) 

based on the cation and clay mineral charge in the lamellae and  not allow for them to 

move into the interlamellae (Hillel, 1998).  

5.3.2 Iron and Aluminum 

The lamellae contained free iron oxides and traces of aluminum, but neither 

were detected in the interlamellae.  Iron, like the basic cations, appears to have been 

bound to the exchange sites of the vermiculite clay minerals within the lamellae since a 

‘rusty’ color was observed at all sites (Brady and Weil, 2002).  The kaolinite clay mineral 
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does not have the strong capacity to bind with iron and subsequently does not exhibit 

‘rusty’ coloring.    

 

5.4 Movement of Materials 

 Translocation was evident based on the appearance of the lamellae bands.  

Profile descriptions indicated that there was clay bridging between the sand, which was 

indicative of particle movement (Schaeztl and Anderson, 2005).  Clay minerals 

throughout the profile (when moved) will be attracted to other clay minerals that have 

an available charge; this attraction and flocculation of materials would create a ‘blanket’ 

over adjacent sand grains and is defined as clay bridging.  Movement of clay material 

was evident when the top and bottom boundaries of the lamellae bands were closely 

investigated. 

 A large precipitation/snow melt event would be required to form lamellae 

deeper in the profile than the initial band.  The water movement through the soil profile 

was the initial dispersal mechanism to translocate clay materials.  The upper boundary 

of the lamellae was abrupt, which would conclude that particles were being placed on 

top of the lamellae band.  At the lower boundary, the lamellae had a noticeable 

decrease of color saturation.  This indicates that iron and clay minerals were being 

stripped from that band to be deposited onto a deeper band.   

 Some of the bands closest to the surface were faded on the bottom as well as 

the top; this indicated that the wetting front passed through that region multiple times.  

The stripping of clay from the top as well as the bottom of the lamellae would have 
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indicated that those bands were and are still being affected by water movement and 

wetting fronts.  Some authors and scholars have suggested that some lamellae deeper 

in the soil profile exhibit top and bottom faded boundaries.  This is because either 

modern wetting fronts do not reach the deepest lamellae due to a drier climate or as 

the wetting front moves through the profile, evaporation at the surface alters the matric 

potential, pulling the water towards the surface rather than continuing deeper (Torrent 

et al., 1980; Schaetzl, 1992; Rawling, 2000; Schaetzl and Anderson, 2005). 

 

5.5 Summary of Lamellae Formation  

 The initial band (L1) was deposited during soil development (see t1 on Figure 

5.1) along a microscopic textural discontinuity in the sandy outwash material.  The 

upper boundary of this band would be abrupt due to the sequential deposition of clay as 

the material is translocated from horizons above.  A second band (L2) was deposited at 

t2 much like the initial band (L1).  The downward movement of water at t2 was much 

less as compared to when L1 was formed, and L2 was formed above L1 in the profile.   

Over a period of time the water movement through the profile varied and as a 

result, sequential bands were formed (see t3 and t4 on Figure 5.1).  The third band (L3) 

was formed from the translocated materials from L1 and the interlamellae between L1 

and L3.  In the thin zone below L1, a diffusion of color from high chroma to low chroma, 

indicated that the materials from L1 moved downward with water and were deposited 

in L3.  The fourth band.  (L4) was formed much like L3.  The upper most lamellae band 

(L5) was formed much like L2 and is representative of modern wetting front trends.   
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The fourth band was not as prominent as L1, L2, and L3 (Figure 5.1).  Though 

there was evidence that materials were moved from L3 by the faded bottom boundary 

of the lamellae; this band was thinner and less developed than the bands above.  The 

lamellae bands above had captured a majority of the clay materials that could 

translocate through the profile, and all that could be moved to L4 would be the fine 

clays resulting in a fine thin band. 
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Figure 5.1  Genesis of Lamellae bands over a period of time.  An initial band was 
deposited along a microscopic textural discontinuity from clay minerals translocated 
from the horizons above (L 1).  Another band (L2) was deposited much like the initial 
band (L 1), however the downward movement of water was not as deep as L 1.  The 
third band (L 3) was formed from the translocated materials from L 1 and the 
interlamellae between L1 and L3.  The fourth band was formed much like L 3.  The upper 
most lamellae band (L5) was formed much like L2 and is representative of modern 
wetting front trends according to research.             
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Chapter 6  Conclusions 
 

This study supports the theory that lamellae are pedogenic rather than 

depositional.  The particle size analysis distribution revealed that the soil was stratified.  

The slight-to-microscopic discontinuities often found in outwash soils allowed for the 

initial lamellae to form.  The stratification throughout the soil profile created a 

multitude of variable hydraulic gradients that caused water to spread laterally at the 

edge of the wetting front.  At the point where the water spread laterally, the clay 

minerals, base cations, and free iron oxides precipitated out of solution and were 

deposited in a band-like fashion resulting in lamellae. 

Other characteristics of the lamellae bands were indicative of pedogenic 

processes rather than deposition.  The top horizon was very abrupt and translocation of 

the clay and iron could be identified along the bottom horizon of the lamellae bands.  If 

the bands had been depositional there would be much more variation within the bands 

at each site.  The thickness, mineralogy, and particle size distribution of each band at a 

respective site were similar; it is unlikely these similarities would occur if the features 

were depositional.  If the lamellae were depositional, multiples of outwash events 

would need to happen to exhibit a thin layer of clay, which has not been observed or 

noted in the literature (much like the lamellae found in other regions formed from 

volcanic ash; Martin, 1965; Kemp and McIntosh, 1989), to show evidence of sequential 

bands.  

 The strongest support for the pedogenic theory was that the vermiculite and 

kaolinite clay minerals were present throughout the four profiles, although a higher 
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quantity of vermiculite was found in the lamellae bands than the surrounding areas.  

The lamellae’s absence of clay minerals other than vermiculite and kaolinite, indicated 

that the soil materials were deposited from the same or very similar source and were 

pedogenic rather than depositional in origin. 
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Appendix 1.  Official Series Descriptions 

Appendix 1.1 

LOCATION CROSWELL                MI+WI  
 
Established Series 
Rev. WEF-GDW 
03/2011 

CROSWELL SERIES  
 
The Croswell series consists of very deep, moderately well drained soils formed in sandy 
drift on stream terraces, lake terraces, low dunes, beach ridges, outwash plains, lake 
plains, and ground moraines. Slope ranges from 0 to 12 percent. Mean annual 
precipitation is about 737 mm (29 inches), and mean annual temperature is about 7.2 
degrees C (45 degrees F).  
 
TAXONOMIC CLASS: Sandy, mixed, frigid Oxyaquic Haplorthods  
 
TYPICAL PEDON: Croswell sand, on a 2 percent slope in a wooded area. (Colors are 
for moist soil unless otherwise stated.)  
 
Oe--0 to 2 cm (1 inch); partially decomposed forest litter; abrupt wavy boundary; 
extremely acid.  
 
A--2 to 5 cm (1 to 2 inches); black (10YR 2/1) sand, very dark gray (10YR 3/1) dry; 
weak medium subangular blocky structure; very friable; many fine and medium and few 
coarse roots; about 30 percent uncoated sand grains from the E horizon; extremely acid; 
abrupt smooth boundary. [0 to 10 cm (4 inches) thick]  
 
E--5 to 13 cm (2 to 5 inches); brown (7.5YR 5/2) sand, pinkish gray (7.5YR 6/2) dry; 
weak medium granular structure; very friable; many fine and medium and few coarse 
roots; about 2 percent gravel; very strongly acid; abrupt wavy boundary. [0 to 38 cm (15 
inches) thick]  
 
Bs1--13 to 28 cm (5 to 11 inches); brown (7.5YR 4/4) sand; weak medium subangular 
blocky structure; very friable; common fine and medium and few coarse roots; about 2 
percent gravel; strongly acid; clear wavy boundary.  
 
Bs2--28 to 41 cm (11 to 16 inches); strong brown (7.5YR 4/6) sand; weak medium 
subangular blocky structure; very friable; common fine and medium and few coarse 
roots; strongly acid; clear wavy boundary. [Combined thickness of the Bs horizon is 23 to 
71 cm (9 to 28 inches).]  
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BC--41 to 76 cm (16 to 30 inches); yellowish brown (10YR 5/6) and brownish yellow 
(10YR 6/6) sand; single grain; loose; common fine and medium roots; common fine 
distinct strong brown (7.5YR 4/6) masses of oxidized iron beginning at about 64 cm (25 
inches); about 3 percent gravel; strongly acid; gradual wavy boundary. [0 to 58 cm (23 
inches) thick]  
 
C--76 to 203 cm (30 to 80 inches); pale brown (10YR 6/3) sand; single grain; loose; 
common medium prominent yellowish brown (10YR 5/8) masses of oxidized iron; about 
3 percent gravel; moderately acid.  
 
TYPE LOCATION: Crawford County, Michigan; about 3 miles west of the town of 
Lovells; 1,250 feet north and 1200 feet west of the southeast corner of sec. 15, T. 28 N., 
R. 1 W.; USGS Lovells, MI topographic quadrangle; lat. 44 degrees 48 minutes 59 
seconds N. long. 84 degrees 25 minutes 03 seconds W.  
 
RANGE IN CHARACTERISTICS:  
Thickness of the solum: 38 to 114 cm (15 to 45 inches)  
Rock fragment content: 0 to 15 percent gravel and 0 to 30 percent cobbles throughout  
Depth to redox concentrations (Fe masses): 46 to 102 cm (18 to 40 inches)  
Particle-size control section: averages less than 15 percent clay  
 
A horizon:  
Hue: 5YR to 10YR, or is neutral  
Value: 2, 2.5, or 3  
Chroma: 0 to 2  
 
Ap horizon, where cultivated:  
Hue: 5YR to 10YR  
Value: 2 to 4  
Chroma: 1 to 3  
Texture: sand, loamy sand, cobbly sand, or cobbly loamy sand  
Reaction: extremely acid to slightly acid  
 
E horizon:  
Hue: 5YR to 10YR  
Value: 4 to 7  
Chroma: 2 or 3  
Texture: sand, loamy sand, cobbly sand, or cobbly loamy sand  
Reaction: extremely acid to slightly acid  
 
Bs1 horizon:  
Hue: 5YR or 7.5YR  
Value: 3 or 4  
Chroma: 4 to 6; pedons with hue of 7.5YR, value of 4 and chroma of 6 have common 
distinct cracked coatings on sand grains  
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Texture: sand, loamy sand, cobbly sand, or cobbly loamy sand  
Ortstein content: 0 to 30 percent  
Reaction: very strongly acid to moderately acid  
 
Bs2 horizon:  
Hue: 5YR to 10YR  
Value: 4 or 5  
Chroma: 4 to 6  
Texture: sand, loamy sand, cobbly sand, or cobbly loamy sand  
Ortstein content: 0 to 30 percent  
Reaction: very strongly acid to neutral  
 
BC horizon:  
Hue: 5YR to 10YR  
Value: 5 or 6  
Chroma: 4 to 8  
Texture: sand, loamy sand, cobbly sand, or cobbly loamy sand  
Reaction: very strongly acid to neutral  
 
C horizon:  
Hue: 5YR to 10YR  
Value: 5 to 7  
Chroma: 3 to 6  
Texture: sand  
Reaction: strongly acid to moderately alkaline  
 
COMPETING SERIES: These are the Croswood, Cublake, Gilchrist, Halfaday, Heinz, 
Manitowish, and Mattix series. Croswood and Gilchrist soils average less than 85 percent 
sand in the lower part of the series control section. Cublake soils stratified in the lower 
part of the series control section. Halfaday and Heinz soils are higher in sesquioxides and 
organic carbon in the upper part of the spodic horizon. Manitowish soils have a loamy 
mantle in the upper part of the series control section. Mattix soils have more than 15 
percent gravel in the lower part of the series control section.  
 
GEOGRAPHIC SETTING: The Croswell soils on stream terraces, lake terraces, low 
dunes, beach ridges, outwash plains, lake plains, and ground moraines. Slope ranges from 
0 to 12 percent. These soils formed in sandy drift. Mean annual precipitation ranges from 
686 to 864 mm (27 to 34 inches). Mean annual temperature ranges from 5 to 7.2 degrees 
C (41 to 45 degrees F).  
 
GEOGRAPHICALLY ASSOCIATED SOILS: These are the Au Gres, Deford, 
Kalkaska, Kinross, and Rubicon soils. The somewhat poorly drained Au Gres soils and 
the poorly drained or very poorly drained Deford and Kinross soils are on lower 
landscape positions or in depressions. The excessively drained Rubicon soils and the 
somewhat excessively drained Kalkaska soils are on higher landscape positions.  
 

https://soilseries.sc.egov.usda.gov/OSD_Docs/C/CROSWOOD.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/C/CUBLAKE.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/G/GILCHRIST.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/H/HALFADAY.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/H/HEINZ.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/M/MANITOWISH.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/M/MATTIX.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/A/AU_GRES.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/D/DEFORD.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/K/KALKASKA.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/K/KINROSS.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/R/RUBICON.html
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DRAINAGE AND SATURATED HYDRAULIC CONDUCTIVITY: Moderately 
well drained. The depth to the top of a seasonal high water table ranges from 61 to 107 
cm (2.0 to 3.5 feet) between October and June in normal years. Surface runoff is 
negligible or very low. Saturated hydraulic conductivity is high.  
 
USE AND VEGETATION: Most of this soil is in forest, permanent pasture, or idle 
cropland; however, a small amount is cropped mainly to small grain and hay. Wooded 
areas support mixed hardwoods and conifers, including quaking aspen, black cherry, 
paper birch, bigtooth aspen, red pine, eastern white pine, jack pine, northern red oak, and 
red maple.  
 
DISTRIBUTION AND EXTENT: MLRAs 90A, 90B, 91B, 92, 93B, 94A, 94B, 94C, 
96, and 98 in northern Lower Peninsula and Upper Peninsula of Michigan, northern 
Minnesota, and northern Wisconsin. The series is of large extent.  
 
MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Indianapolis, 
Indiana.  
 
SERIES ESTABLISHED: Sanilac County, Michigan, 1955.  
 
REMARKS: Diagnostic horizons and features recognized in this pedon are:  
Ochric epipedon: from the surface to a depth of 13 cm (5 inches) (Oe, A, and E horizons).  
Albic horizon: from a depth of 5 to 13 cm (2 to 5 inches) (E horizon).  
Spodic horizon: from a depth of 13 to 41 cm (5 to 16 inches) (Bs1 and Bs2 horizon).  
Oxyaquic feature: redox concentrations present in horizons below a depth of 41 cm (16 
inches).  
 
The loamy substratum and till substratum phases are no longer within the concept of the 
series.  
 
ADDITIONAL DATA: Soil Interpretation Records: MI0187; MI0570 (COBBLY).  

 
National Cooperative Soil Survey  
U.S.A. 
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Appendix 1.2 

LOCATION CHINWHISKER             MI+WI  
 
Established Series 
Rev. TEW-WEF-GDW 
03/2011 

CHINWHISKER SERIES 
 
The Chinwhisker series consists of very deep, moderately well drained soils formed in 
sandy glaciofluvial deposits on stream terraces, outwash plains, and lake terraces. Slope 
ranges from 0 to 4 percent. Mean annual precipitation is about 762 mm (30 inches), and 
mean annual temperature is about 7.2 degrees C (45 degrees F).  
 
TAXONOMIC CLASS: Sandy, mixed, frigid Lamellic Oxyaquic Haplorthods  
 
TYPICAL PEDON: Chinwhisker sand, on a 2 percent slope in a wooded area. (Colors 
are for moist soil unless otherwise stated.)  
 
A--0 to 5 cm (2 inches); black (N 2.5/) sand, gray (N 5/) dry; weak fine granular 
structure; friable; many fine and common medium roots; strongly acid; abrupt smooth 
boundary. [0 to 5 cm (3 inches) thick]  
 
E--5 to 8 cm (2 to 3 inches); dark grayish brown (10YR 4/2) sand; weak fine granular 
structure; very friable; many fine roots; strongly acid; abrupt smooth boundary. [2 to 23 
cm (1 to 9 inches) thick]  
 
Bs1--8 to 20 cm (3 to 8 inches); dark brown (7.5YR 3/4) sand; weak medium subangular 
blocky structure; friable; common fine and medium roots; about 1 percent gravel; 
strongly acid; clear smooth boundary. [10 to 18 cm (4 to 7 inches) thick]  
 
Bs2--20 to 53 cm (8 to 21 inches); yellowish brown (10YR 5/6) sand; weak fine 
subangular blocky structure; friable; few fine roots; about 1 percent gravel; moderately 
acid; abrupt wavy boundary. [13 to 38 cm (5 to 15 inches) thick]  
 
E'1--53 to 64 cm (21 to 25 inches); light yellowish brown (10YR 6/4) sand; single grain; 
loose; few fine roots; moderately acid; abrupt broken boundary.  
 
E'2--64 to 91 cm (25 to 36 inches); light yellowish brown (10YR 6/4) sand; common fine 
distinct yellowish brown (10YR 5/6) masses of iron accumulation; single grain; loose; 
few fine roots; moderately acid; abrupt smooth boundary. [Combined thickness of the E' 
horizon is 0 to 51 cm (20 inches) thick]  
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E and Bt--91 to 203 cm (36 to 80 inches); pale brown (10YR 6/3) sand (E) and brown 
(7.5YR 4/4) loamy sand (Bt) which occurs as lamellae 2 mm to 2 cm (1/16 to 3/4 inch) 
thick with total accumulation of 10 cm (4 inches); single grain; loose; common fine 
prominent strong brown (7.5YR 5/8) masses of oxidized iron; about 1 percent gravel; 
slightly acid.  
 
TYPE LOCATION: Alcona County, Michigan; about 4 miles northeast of the village of 
Curran; 160 feet north and 490 feet east of the southwest corner of sec. 6, T. 27 N., R. 6 
E., Mitchell Township; USGS McGinn, MI topographic quadrangle; lat. 44 degrees 45 
minutes 20.18 seconds N. and long. 83 degrees 45 minutes 54.66 seconds W., NAD 83.  
 
RANGE IN CHARACTERISTICS:  
Thickness of the solum: 102 to more than 203 cm (40 to more than 80 inches)  
Depth to redoximorphic features: 51 to 102 cm (20 to 40 inches)  
Rock fragment content: 0 to 14 percent throughout  
 
A horizon:  
Hue: 7.5YR, 10YR, or is neutral  
Value: 2, 2.5, or 3  
Chroma: 0 to 2  
Texture: sand, loamy sand, or loamy coarse sand  
Reaction: extremely acid to slightly acid  
 
E horizon:  
Hue: 7.5YR or 10YR  
Value: 4 to 7  
Chroma: 2  
Texture: sand, loamy sand, or loamy coarse sand  
Reaction: extremely acid to slightly acid  
 
Bs1 horizon:  
Hue: 7.5YR  
Value: 3 to 5  
Chroma: 3 or 4; value and chroma of 3 do not occur together  
Texture: sand or loamy sand  
Reaction: very strongly acid to slightly acid  
 
Bs2 horizon:  
Hue: 7.5YR or 10YR  
Value: 4 or 5  
Chroma: 5 or 6  
Texture: sand or loamy sand  
Reaction: very strongly acid to slightly acid  
 
Bs3 horizon, where present:  
Hue: 7.5YR or 10YR  
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Value: 4 or 5  
Chroma: 5 or 6  
Texture: sand or loamy sand  
Reaction: strongly acid to neutral  
 
E' horizon and E part of the E and Bt horizon:  
Hue: 7.5YR or 10YR  
Value: 5 to 7  
Chroma: 3 or 4  
Texture: sand  
Reaction: very strongly acid to neutral  
 
Bt part of the E and Bt horizon:  
Hue: 5YR to 10YR  
Value: 3 to 6  
Chroma: 4 to 6  
Texture: loamy sand; individual lamellae range in thickness from 2 mm to 5 cm (1/16 to 
2 inches) with a total accumulation to a depth of 203 cm (80 inches) of 13 cm (5 inches) 
or less  
Reaction: very strongly acid to moderately alkaline  
 
COMPETING SERIES: There are no other series in this family.  
 
GEOGRAPHIC SETTING: The Chinwhisker soils are on stream terraces, lake terraces, 
and outwash plains. Slope ranges from 0 to 4 percent. These soils formed in sandy 
glaciofluvial deposits. Mean annual precipitation ranges from 711 to 813 mm (28 to 32 
inches). Mean annual temperature ranges from 6.1 to 8.3 degrees C (43 to 47 degrees F).  
 
GEOGRAPHICALLY ASSOCIATED SOILS: These are the Klacking, Graycalm, 
Mancelona, and Mcginn soils. Klacking, Graycalm and Mancelona soils occupy positions 
higher on the landscape than the Chinwhisker soils and formed in stratified outwash or 
glaciolacustrine deposits. McGinn soils formed in loamy sand till.  
 
DRAINAGE AND SATURATED HYDRAULIC CONDUCTIVITY: Moderately 
well drained. The depth to the top of a seasonal high water table ranges from 61 to 152 
cm (2 to 5 feet) between September and June in normal years. Potential surface runoff is 
negligible. Saturated hydraulic conductivity is high.  
 
USE AND VEGETATION: Most of this soil is forested. Common tree species are 
bigtooth aspen, quaking aspen, red maple, paper birch and jack pine.  
 
DISTRIBUTION AND EXTENT: MLRAs 90A and 94A in northern lower peninsula 
of Michigan and northwestern Wisconsin. The series is of moderate extent.  
 
MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Indianapolis, 
Indiana.  

https://soilseries.sc.egov.usda.gov/OSD_Docs/K/KLACKING.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/G/GRAYCALM.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/M/MANCELONA.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/M/MCGINN.html
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SERIES ESTABLISHED: Alcona County, Michigan, 1993.  
 
REMARKS: Diagnostic horizons and features recognized in this pedon are:  
Ochric epipedon: from the surface to a depth of 8 cm (3 inches) (A and E horizons).  
Albic horizon: from a depth of 5 to 8 cm (2 to 3 inches) (E horizon).  
Spodic horizon: from a depth of 8 to 53 cm (3 to 21 inches) (Bs1 and Bs2 horizons).  
Lamellic feature: lamellae present from a depth of 91 to 203 cm (36 to 80 inches) (Bt part 
of the E and Bt horizons).  
 
ADDITIONAL DATA: Soil Interpretation Record: MI0079  

 
National Cooperative Soil Survey  
U.S.A. 
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Appendix 1.3 

LOCATION VILAS              WI+MI 
Established Series 
HFG-MJM-LMC 
12/2006 

VILAS SERIES 
 
The Vilas series consists of very deep, excessively drained soils formed in sandy deposits 
on outwash plains, outwash terraces, and outwash areas on moraines. Permeability is 
rapid. Slopes range from 0 to 55 percent. Mean annual precipitation is about 30 inches. 
Mean annual air temperature is about 41 degrees F.  

TAXONOMIC CLASS: Sandy, isotic, frigid Entic Haplorthods  

TYPICAL PEDON: Vilas loamy sand - on a plain 2 percent northeast-facing slope in a 
forested area at an elevation of about 1325 feet. (Colors are for moist soil unless 
otherwise stated.)  

A--0 to 2 inches; black (7.5YR 2.5/1) loamy sand, very dark brown (7.5YR 2.5/2) dry; 
weak fine granular structure; very friable; about 1 percent gravel; strongly acid; abrupt 
smooth boundary. (0 to 4 inches thick)  

E--2 to 4 inches; brown (7.5YR 4/2) loamy sand, brown (7.5YR 5/2) dry; weak very fine 
subangular blocky structure; very friable; about 1 percent gravel; strongly acid; abrupt 
smooth boundary. (0 to 5 inches thick)  

Bs1--4 to 11 inches; reddish brown (5YR 4/4) loamy sand; weak fine subangular blocky 
structure; very friable; about 1 percent gravel; moderately acid; clear smooth boundary.  

Bs2--11 to 18 inches; yellowish red (5YR 4/6) sand; single grain; loose; about 1 percent 
gravel; moderately acid; clear wavy boundary.  

Bs3--18 to 23 inches; brown (7.5YR 4/4) sand; single grain; loose; about 1 percent 
gravel; moderately acid; gradual wavy boundary. (Combined thickness of the Bs horizons 
is 6 to 30 inches)  

BC--23 to 32 inches; brown (7.5YR 5/4) sand; single grain; loose; about 1 percent gravel; 
slightly acid; gradual wavy boundary. (0 to 15 inches thick)  

C--32 to 80 inches; brown (7.5YR 5/3) sand; single grain; loose; about 1 percent gravel; 
slightly acid.  
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TYPE LOCATION: Sawyer County, Wisconsin; about 6 miles northeast of Hayward; 
130 feet south and 2,475 feet east of the northwest corner of Sec. 30, T. 42 N., R. 8 W.; 
USGS Hayward topographic quadrangle; lat. 46 degrees 05 minutes 57 seconds N., and 
long. 91 degrees 25 minutes 00 seconds W., NAD 27.  

RANGE IN CHARACTERISTICS: Solum thickness ranges from 18 to 45 inches. 
Vilas soils have 10 to 20 inches of loamy sand within the upper 20 inches. The soil 
separate is medium sand. Volume of gravel in the solum and substratum averages less 
than 10 percent, but ranges up to 15 percent in individual strata. Reaction typically ranges 
from extremely acid to moderately acid in the upper part of the solum, but ranges to 
neutral in the Ap horizon, where the soil is limed. Reaction ranges from very strongly 
acid to slightly acid below the spodic horizon.  

The A horizon has hue of 5YR, 7.5YR, or 10YR, or it is neutral in hue, value of 2 to 3, 
and chroma of 1 to 3. Texture is typically loamy sand, but in some pedons it is sand.  

The E horizon has hue of 2.5YR, 5YR, 7.5YR, or 10YR, value of 4 to 6, and chroma of 1 
or 2. Texture typically is loamy sand, but in some pedons it is sand.  

The Bs horizons have hue of 2.5YR or 5YR, value of 3 to 6, and chroma of 4 or 6, or hue 
of 7.5YR, value of 3 to 5, and chroma of 4 or 6. Texture is loamy sand in at least the 
upper part, but typically grades to sand in the lower part.  

The BC horizon has hue of 5YR, 7.5YR, or 10YR, value of 4 to 6, and chroma of 4 to 8. 
Horizons with spodic color have pH greater than 5.9 or organic carbon content less than 
0.6 percent. Texture is sand.  

The C horizon has hue of 5YR, 7.5YR, or 10Y, value of 4 to 6, and chroma of 3 to 6. 
Texture is sand.  

COMPETING SERIES: These are the Duel, East Lake, Hartwick, Ishpeming, Karlin, 
Kiva, Rousseau, Rubicon, Sayner, and Sultz(T) series. Duel and Ishpeming soils have a 
lithic contact at a depth of 20 to 40 inches. East Lake soils have 10 to 25 percent calcium 
carbonate within a depth of 40 inches. Hartwick soils have 10 percent or more rock 
fragments within depths of 40 to 60 inches. Karlin soils contain less than 85 percent sand 
throughout the solum. Kiva soils have a 10 to 20 inch mantle that has more than 15 
percent combined content silt and clay and 10 to 25 percent calcium carbonate within a 
depth of 40 inches. Rousseau soils have 50 percent or more fine sand in the series control 
section. Rubicon soils have less than 10 inches of material containing more than 15 
percent combined content of silt and clay in the upper 20 inches of the profile, and these 
materials do not occur in the spodic horizon. Sayner soils have 15 to 35 percent gravel in 
at least the lower part of the series control section. Sultz soils have strata containing more 
and less than 15 percent combined content of silt and clay in the lower part of the series 
control section.  

https://soilseries.sc.egov.usda.gov/OSD_Docs/D/DUEL.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/E/EAST_LAKE.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/H/HARTWICK.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/I/ISHPEMING.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/K/KARLIN.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/K/KIVA.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/R/ROUSSEAU.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/R/RUBICON.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SAYNER.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SULTZ.html
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GEOGRAPHIC SETTING:  
Parent Material: Formed in sand deposits with a thin loamy sand mantle. 
Landform: Outwash plains, outwash terraces, and outwash areas on moraines. 
Slope: 0 to 55 percent. 
Elevation: 600 to 1,950 feet. 
Mean annual air temperature: 36 to 45 degrees F. 
Mean annual precipitation: 28 to 33 inches. 
Frost-free period: 90 to 120 days.  

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Au Gres, Croswell, 
Kalkaska, Karlin, Pence, and Rubicon, and Sayner soils. The somewhat poorly drained 
Au Gres soils and the moderately well drained Croswell soils form a drainage sequence 
with Vilas soils. Kalkaska, Karlin, Pence, Rubicon, and Sayner soils occupy landscape 
positions similar to those of Vilas. Kalkaska and Rubicon soils are in areas where the 
loamy sand mantle is absent. Pence and Karlin soils are in areas where there is a loamy 
mantle. Sayner soils are in areas where the gravel content averages 15 percent or more in 
the substratum.  

DRAINAGE AND PERMEABILITY: Excessively drained. Surface runoff is 
negligible to low, dependent on slope. Permeability is rapid.  

USE AND VEGETATION: Most areas are used for woodland. Native vegetation is 
mixed coniferous and deciduous forest. Red pine, jack pine, eastern white pine, aspen, 
and northern red oak are the dominant species. A few areas are used for cropland or 
pastureland. Common crops are corn, small grain, and hay.  

DISTRIBUTION AND EXTENT: Northern Wisconsin and the Upper Peninsula of 
Michigan. LRR K, MLRA 90A, 91B, 93B, 94B and 94D. The series is of large extent.  

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: St. Paul, 
Minnesota.  

SERIES ESTABLISHED: Iron County, Michigan, 1930. The source of the name is a 
county in northern Wisconsin.  

REMARKS: Diagnostic horizons and features recognized in this pedon are:  
Particle size control section - the zone from 10 to 40 inches. 
Ochric epipedon - the zone from 0 to 4 inches (A, E). 
Albic horizon - the zone from 2 to 4 inches (E). 
Spodic horizon - the zone from 4 to 23 inches (Bs1,Bs2, Bs3).  

ADDITIONAL DATA:  

 
National Cooperative Soil Survey 
U.S.A. 

https://soilseries.sc.egov.usda.gov/OSD_Docs/A/AU_GRES.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/C/CROSWELL.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/K/KALKASKA.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/K/KARLIN.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/P/PENCE.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/R/RUBICON.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SAYNER.html
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Appendix 1.4 

LOCATION LINDQUIST               MI+WI  
 
Established Series 
Rev. JKC-WEF-MAZ 
03/2011 

LINDQUIST SERIES 
 
The Lindquist series consist of very deep, somewhat excessively drained soils that 
formed in sandy glaciofluvial deposits on outwash plains, ground moraines, end 
moraines, stream terraces and kames. Slope ranges from 0 to 50 percent. Mean annual 
precipitation is about 813 mm (32 inches), and mean annual temperature is about 6.1 
degrees C (43 degrees F).  
 
TAXONOMIC CLASS: Sandy, mixed, frigid Lamellic Haplorthods  
 
TYPICAL PEDON: Lindquist sand, on a 1 percent slope in a forested area. (Colors are 
for moist soil unless otherwise stated)  
 
Oe--0 to 2.5 cm (0 to 1 inch); dark brown (7.5YR3/2) partially decomposed forest litter; 
very strongly acid. [0 to 5 cm (0 to 2 inches) thick]  
 
A--2.5 to 5 cm (1 to 2 inches); black (N 2.5/) sand, gray (10YR 5/1) dry; weak medium 
granular structure; very friable; many fine and medium and common coarse roots; about 
1 percent fine gravel; very strongly acid; abrupt smooth boundary. [3 to 10 cm (1 to 4 
inches) thick]  
 
E--5 to 13 cm (2 to 5 inches); brown (7.5YR 5/2) sand, light gray (10YR 7/2) dry; weak 
medium granular structure; very friable; common fine to coarse roots; about 1 percent 
fine gravel; very strongly acid; clear irregular boundary. [3 to 13 cm (1 to 5 inches) thick]  
 
Bs1--13 to 33 cm (5 to 13 inches); brown (7.5YR 4/4) sand; weak fine subangular blocky 
structure; very friable; common fine to coarse roots; about 1 percent fine gravel; strongly 
acid; clear irregular boundary. [10 to 25 cm (4 to 10 inches) thick]  
 
Bs2--33 to 56 cm (13 to 22 inches); strong brown (7.5YR 4/6) sand; weak medium 
subangular blocky structure; very friable; few fine, common medium, and few coarse 
roots; about 3 percent fine gravel; moderately acid; clear wavy boundary.  
 
Bs3--56 to 86 cm (22 to 34 inches); strong brown (7.5YR 5/6) sand; weak medium 
granular structure; very friable; few fine and medium roots; about 3 percent fine gravel; 
moderately acid; clear wavy boundary. [Combined thickness of the Bs2 and Bs3 horizon 
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is 35 to 89 cm (14 to 35 inches).]  
 
E'--86 to 99 cm (34 to 39 inches); light yellowish brown (10YR 6/4) sand, very pale 
brown (10YR 7/4) dry; weak medium subangular blocky structure; very friable; few 
medium roots; about 1 percent fine gravel; moderately acid; abrupt broken boundary. [8 
to 38 cm (3 to 15 inches) thick]  
 
E and Bt--99 to 196 cm (39 to 77 inches); light yellowish brown (10YR 6/4) sand (E), 
very pale brown (10YR 7/4) dry; single grain; loose; strong brown (7.5YR 4/6) loamy 
sand lamellae (Bt); weak fine granular structure; very friable; clay bridging between sand 
grains; lamellae are 3 to 12 mm (1/8 to 1/2 inches) thick; total accumulation of lamellae 
is less than 15 cm (6 inches); few fine roots; about 1 percent fine gravel; slightly acid; 
abrupt broken boundary. [64 to 132 cm (25 to 52 inches) thick]  
 
C--196 to 203 cm (77 to 80 inches); pale brown (10YR 6/3) sand; single grain; loose; 
about 3 percent fine gravel; neutral.  
 
TYPE LOCATION: Kalkaska County, Michigan; 1,800 feet west and 650 feet south of 
the northeast corner of sec. 10, T. 26 N., R. 8 W., Boardman Township; USGS South 
Boardman, Michigan topographic quadrangle; lat. 44 degrees 40 minutes 04 seconds N. 
and long. 85 degrees 15 minutes 33 seconds W., NAD 83.  
 
RANGE IN CHARACTERISTICS:  
Depth to first lamellae: 89 to 140 cm (35 to 55 inches)  
Thickness of the solum: 102 to more than 203 cm (40 to more than 80 inches)  
Rock fragment content: 0 to 15 percent gravel and 0 to 3 percent cobbles throughout  
Ortstein content: 0 to 35 percent in the Bs horizon  
 
A horizon:  
Hue: 5YR to 10YR, or is neutral  
Value: 2 to 4  
Chroma: 0 to 3  
Texture: sand  
Reaction: very strongly acid to moderately acid  
 
E horizon:  
Hue: 7.5YR or 10YR  
Value: 4 to 6  
Chroma: 1 to 3  
Texture: sand  
Reaction: very strongly acid to moderately acid  
 
Bs1 horizon:  
Hue: 7.5YR  
Value: 3 or 4  
Chroma: 3 or 4; value and chroma of 3 do not occur together  
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Texture: sand  
Reaction: strongly acid or moderately acid  
 
Bs2 and Bs3 horizons:  
Hue: 7.5YR or 10YR  
Value: 3 to 6  
Chroma: 4 to 8  
Texture: sand  
Reaction: strongly acid or moderately acid  
 
E' horizon below the Bs horizon and E part of the E and Bt horizon:  
Hue: 7.5YR or 10YR  
Value: 5 to 7  
Chroma: 2 to 4  
Texture: sand  
Reaction: strongly acid to neutral  
 
Bt part of the E and Bt horizon:  
Hue: 7.5YR or 10YR  
Value: 3 to 5  
Chroma: 3 to 6  
Texture: loamy sand, sandy loam, or sand; individual lamellae range in thickness from 2 
mm to 5 cm (1/16 to 2 inches); combined accumulation of lamellae within a depth of 203 
cm (80 inches) is less than 15 cm (6 inches)  
Reaction: strongly acid to neutral  
 
C horizon:  
Hue: 10YR  
Value: 5 to 7  
Chroma: 3 or 4  
Texture: sand  
Reaction: moderately acid to neutral  
 
COMPETING SERIES: These are the Blue Lake, Islandlake and Mcmillan series. Blue 
Lake soils have an accumulation of lamellae within a depth of 203 cm (80 inches) of 
more than 15 cm (6 inches). Islandlake soils have a Bhs horizon. McMillan soils have 
more than 30 percent silt in the upper part of the series control section.  
 
GEOGRAPHIC SETTING: Lindquist soils are on outwash plains, ground moraines, 
end moraines, stream terraces, and kames. Slope ranges from 0 to 50 percent. The 
Lindquist soils formed in sandy glaciofluvial deposits. Mean annual precipitation ranges 
from 762 to 813 mm (30 to 32 inches). Mean annual temperature ranges from 6.1 to 7.2 
degrees C (43 to 45 degrees F).  
 
GEOGRAPHICALLY ASSOCIATED SOILS: These are the excessively drained 
Rubicon and Grayling soils on similar landscape positions.  

https://soilseries.sc.egov.usda.gov/OSD_Docs/B/BLUE_LAKE.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/I/ISLANDLAKE.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/M/MCMILLAN.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/R/RUBICON.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/G/GRAYLING.html
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DRAINAGE AND SATURATED HYDRAULIC CONDUCTIVITY: Somewhat 
excessively drained. The potential surface runoff is negligible or low. Saturated hydraulic 
conductivity is high.  
 
USE AND VEGETATION: Most areas of these soils are forested, including tree 
plantations. Some areas are idle or are in pasture. Only a very small proportion is used for 
small grains and hay crops. Forest vegetation consists chiefly of red maple, red pine, 
aspen, white oak, american beech, eastern white pine, and jack pine.  
 
DISTRIBUTION AND EXTENT: MLRA 94A in the northern Lower Peninsula of 
Michigan and MLRA 90A in northwestern Wisconsin. This series is of moderate extent.  
 
MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Indianapolis, 
Indiana.  
 
SERIES ESTABLISHED: Kalkaska County, Michigan, 1993.  
 
REMARKS: Previously mapped as Rubicon deep banded substratum.  
 
Diagnostic horizons and features recognized in this pedon are:  
Ochric epipedon: from the surface to a depth of 13 centimeters (5 inches) (A and E 
horizons).  
Albic horizon: from a depth of 5 to 13 cm (2 to 5 inches) (E horizon).  
Spodic horizon: from a depth of 13 to 33 cm (5 to 13 inches) (Bs1 horizon).  
Lamellic feature: from a depth of 99 to 196 cm (39 to 77 inches) (Bt part of the E and Bt 
horizon).  
 
ADDITIONAL DATA: Soil Interpretation Record No. MI0278.  

 
National Cooperative Soil Survey  
U.S.A. 
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Appendix 2.  Pedon Data 
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·Redoximorphic' Features Concentrations Ped / V. Surface Features . Roots. Pores Notes Notes 

Knd % Sz Cont. Col. Mst Shaoe Knd % Sz Cont. Col Mst $ho Loe 'Knd % Con Ost Loe Col Mst Qtv Sz Loe Qtv Sz sin, Ksat Unified 

1 e\;\&..(.iU, .\L t.:;,G()I L 

2 

3 

4 

5 

6 

7 

8 

9 

10 
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Peden 10: S10WI085.004 

Sampled as: 
Revised to ; 

SSL - Project C2010lJSWl114 Lincoln & Oneida C+o. 
- Site ID tOWI085004' northwesf 
- Peden ~o. 10N1181. 
• General Metliods-1811\, 2A1 , 28 

Horizon tlrig Hzn Depth (cm} Field l!abel 1 

10N05755 , 
10NQ5756 
10N05757 
tbNOS758 
1,0N05759 
101'1os16o 
10N0576'1' 
,ON05762 
10N05763 

/Jl,.o 
E 
'Bs,1 
Bs2 
8s3 
E&B11 
E&B12 
Ei,art 
Bt part 

'PSoA &. Reck Fragm.eofs 

Depth 

0.0·23.0 .smWI085004-1 
i 3.0-S3.tl S1PWI085004-2 
33.0-38,0 $10Wl0ll5P04·3 
38,().:'58.0 S10WI0{}5.004.--4 
5?.0-10'('..0 StOWI08.5004-5 
1.07.0-1110, 0 S10Wl085004-6 
140.0 S10W[085004-7 
107 .0-140.0 S10Wl08500:4-8 
10.4.0-140.0 S1 OWI085004-.9 

·1- -2· -3-

(- - - • -Total- - - • - -) 

Cla}I Silt SaQd 
<:. .002 .0$ 
.002 -.05 -2 

"'** Primary Characterization Data "*"' 
( Ooeida, Wisconsin ) 

Field 'La'bel :1, PieJd Label '3 

Page 21 of2:6 

Print Daiei S.e!l 28 2010 8:35AM 

United Slates Oe:partment ·of Agr,culture 
Natural Resources Conservation Ser;ice 
Na\ional -Sdil· Survey Genier 
Soil Syrvey L~boratory 
Lincoln, Nebraska 6850$.-3856 

Field Texture \,ca.b Tex!ur~ 

LS 
l.S 
LS 
s 
.s 
SI 
s 
s 
$ • 

-5- -6- -8- -9- -1-0. -ii- ·12- -13· -14- -15· -16- -17-

(- - Clay--·} (···-·Silt···· · } (· -· -- - • • - · - - Sand- - - - - - - - - - - ·) ( Rock Fragments (mrn1) 
Fine co~ FJ'n.e Coarse VF p M C vc ( • • • - - • - - \'I/eight· - • • - · - -) >2mm 

< < .002 :02 .05 .10 .2·5 .5 .2 5 20 .1- wt ¾ 
.0002 .002 -.02 -..05 .. ,J O -.25 ,.so· -1 -2 -5 -20 ~75 75. whole 

La,yer (cm) 1-:!orz Prep (· • • • - · - - - - · •,- • • - - - - - • - - • - • % of <2mm Mineral Seil - • • - - - • , • - - ~ • • • • • • • •·• • • • • - ·) (· • • • • • - % of « 75mn, • • • • • ·) 
3A1a1a 3A1a1a 3A1a1a 3Atata 3AlaJa 3A1a1a 3A1.a1<;1 3A1a1a 

soil 

H)NOS,755 0-2;! ~P. s 4.1 12.7 83.2 1.1 7.9 4.8 4.0 25.6 45.2 7.'4 1:0 1 2 80 ;l 

toN057o6 23-33 E s 3-.7 f4.0 82.3 1.2 8._2 5.tl 4.5 2.'3.0 45.0 BA 1.4 2 3 79 '5 
i PN05757 133-38 Bsj s 3,8 1-1.8 1!4-4 1,Q &.6 5.2 45 2·8.~ 4:1,.!l 8.1 1.7 2 4 81 6 
10N05758- 3$-58 Bs:1 s 3.0 8.7 88.3 1.0 3'.6 5.1 3.7 26.$ 47.2 ~.,2 1.9 2/ 3 85 s 
10N05759 56-107 Bs3 s 2,6 :5.3 92.1 1.0 2-7 2.& 2.8 23.3 58.2 6.8 1.0 2 2 90 4 
t ON0576"0 107-'140 E&8t1 s i .4 2.2 96.4 0.6 1.7 o:s '3.6 27.1 55,8 8.7 1.2 1 1 93 2 
101-105761 140 E&Bt2 s DA 1.6 98.0 0.3 1.6 '1.5. 22-.2 6.5.1 8..9 0.3 , 1 97 (2 

10N05762 107-140 E part s '0.2 1.~ 98.4 0.1 0.7 ,0.7 1.6 '27,3 62.5 6.5 0.5 tr 1 9.7 1 
10N057,t,3 104-140 Bt part s 4.7 0.4 94.9 2.4 0 ,1 1l.3 1.3. 25.3 SA.9 11.7 1.7 l tr 94 1 
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Pedon 10'. S:'I OWI0{\5004 

Sampled A$. 

"'** Primary Cha(acterization Data ....... 
j Oneida County, Wisconsjn } 

Page22 of26 

Print Date: Sep 28 2010 8 ;35AM 

USOA-NRCS-NSSG•Natiorial Soil Survey l.abor1:1tory Pe·d.on No, 1QN1181 

Bulk Density & Moisture 

Layer Prep 

fON05755 0,23 .Ap s 
10N.057~!5 23-33 E s 
10N05757 33-38 Bs:t S, 
10N05758 38-58 Bs2 s 
'IONOS759 58-t 07 8s3 s 
10N05760 1'07-140 E&Bt1 s 
10N05761 140 E&B12 s 
10N057fi2 1iJ7-140 E Rart s 
i ON0.5763 104-140 Bl part s -------
Carb"On & Extrac;tions 

Depth 

Laye.r (cm) Aorz Prep 

1QN05755 0-2.3 Ap s 
f ON0.5756 '23-33 E s 
'i0N05151 33-3~ Bs1 s 
10N05758 ~s-sa ssz .s 
10N05759 Sll-'!07 Bs3 s 
1,0N0576() 1(;)7-140 E~8t1 ·$, 
fOf(/05761 1.io E.&Bt2 s 
10N05762 107-140 E par1 s 
10N05763 104-140 Btpatt. s 

{Bulk Density) 
33 Ollen 
kPa Ory 

(- - -g cm·3 -- -) 

+ -2-

.3. 

Cole 
Whole 
Soil 

-2-

(-·· - -Total.-·• - -) 
C N s 

-4-

(-, ••·• •·- · -WaterConfent- - • - - - - - , - -}, 
6 10 33 tso.o· 1500 kPa Ratio 
kPa kP:;i kPa kPa Meis( ADI.OD 

(· • ~ • - - • - • ~ • - pct of < ,2mm • - ·~ - - - - - - - - -) 
3C2a1a 3D1-

3_j 1.bti8 
1, 8 1:oos, 
2.2 1.0'04 
1.4 :1,003 
0.9 1.003 
Q.6 1,002 

1.001, 
1.001 
1:004 

-~ 

WRD :11,ggst 
\11,lboie Stab! (·-Ratio/Olay --) 
So1I 2-0:.Smm CEC7 1'500 11Pa 

cm3 c;m-3 % 

1.49 
0.92 
0.61 
0.67 
0.62 
0'.86 
2.QO 
'3.00 
0.45 

0.80 
0.49 
0.58 
().47 
0.35 
0.43 

-4- -5- -6- -7- -&- -9- -10- -11- -12- - 1';1- -14- -15- -16- -17- -18-

Org 
C 

C/N (- - - OiUi-Cit Ext• - -) (- - - - - -Atnmooium Oxalate Extraction - - - - - ➔ (- - -Na Pyre-Phosphate - - -) 
Ratfo Fe Al Mo Al+½Fe OQOE Fe Al SJ Mn C Fe Al Mn 

(• - - • • - '% of <2 mm - - - • --Y .(--- --- -----------~ - -%of.: 2mm - -- ---·----- - - - - - -·) mg kg·1 (- ---•%of< 2mm-- --·1 
4H2a 4H2a 4H2a 

1.54 ~.10 tr 
0 .32 o.d2 
0 ,15 
0.13 
0.1.-0 0.02 
0.04 0.02 
0.02 
0.0, tr 
0.05 0.05 

16 
14 

4<;,1 4G1' 4G1 

0.4 0.1 ·tr 
0.4 0.1 
Q.4 0. 1 
0.3 0.-1 
O.i tr 

tr 

0.2 It 
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Peaon lD: S10WIQ850Q~ 

sarnptedAs: 

.,.,._ Prlmary ·Characterizatio_n Data *"'"* 
,( Oneida County, Wis@nsin } 

Page 23 of 26 

Pont Date.: Sep 28 2010 8;35Ar.1 

USPA-NRCS-NSSO-Natjona) Soil Scrrvey. '"abo1atory F'edon No. 'f0N1181 

CEO & Bases 

Layer 

10N05755 
10N05756 
10N05757 
10NQ$758 
10Nos159 
10N057,60 
10N05161 
10N0576.2 
i'0N0576'3 

Deptt'i 

(ctn) 

0-23 
23-33 
3'3-38 
38-58 
58-107 
107-140 
140 
107-140 
104-140 

Ap 
E 
Bs1 
:ss2 
6s3 
Elffit1 
E&Bt.2 
Epar,t 
Bt part 

Prep 

s 
s 
s 
s 
s 
s 
s 
S' 
s 

- 1-

(· • - •- - NH4OAC Ex\ractallle Bases• - • - -) 

Sum Acid• 

.Ca Mg Na K Bases, lty 

Extr 

Al Mn 

CEC8 C~C7 ECEC 
Sum 

Cais 

NH~ 

OAC 

Bases Al. 

+Al 'Sat 

(-----Sase--• -l 
(- Saturation •) 

Sum NH4OAC 

( · - - . - - •r•• - ••• ,. • Cl'l)OI(-*') kg_"1 ··-. - -- -- • - • -·~·-· -} mg k_g•i (· - --cmol(.+-) kg·1 • --) (- • - - • - - • % - - - • - - - -) 

4B1a1a 4B1a1a 4.B1a1a 4g1-a1a 4B21>1a1 4.e·1a1a 

1.4 
a.1 
0.7 
0.5 
OA 
0.4 
0.3 
o:r 
1.0 

0.3 
8 .2 
0.2 
0,2 
0.3 
Q.2 
0.1 
tr 
P.4 

0 .1 
0.1 
0.1 
0 ,1 
.0: 1 
0.1 
0.1 
tr 
J).2 

1.8 
1:0 
1.0 
0:8 
0.8 . 
0.7 
0.5 
0;1 
1~6 

9'.4 11.2 6.1 
4.7 5.7 3.4 
3.1 4J 2.3 
2.'1 3.5 2.0 
i ,o ,2.8, 1.6 
1.,5 '2,2 1 .2 
6.7 7..2 0.8 
0.6 0-.7 tl.6 
1,.7 3.3 2.1 

16 30 
,a 29 
2'.4 43 
23 40 
29 .50 
42 58 
7 63 
14 17 
48 76, -----~-~ .. ~ __,__,,......-. ----- - ~ u ·- ---· 

Salt + -5- -6- -7- + .• 9 .• -10- - 11- -12- -13- ..;,14. -15- '-'16- •1'7- <-18,J ~19-

(- - • - - - - - - - - - - - - - - - - . ,. - - -Wat.er EKtract.ed From Saturated Paste - - - - - - - - - - - - •'· - - • • - • ·- • ·) P,red 
Total Slee Elec Excfi 

Depth ca· Mg rila K C0
3 

HC0
3 

"F Cl P04 Br OAC S04 N02 N.03 H20 Sc1ltS' Cond bond Na 

!.;ayer (cm) Horz Prep t· " - • - mmol(-t) L-1 - - - J -1 (· - -- - - - - - · - - ... - - - , • - • · mmol{-) L·1 • - • • • • • - • - - - - - - - - - - -) (- -- - % - • • · ) (~ • dS m-1 - ·) % 

10Nos1ss 0-23 ,Ap s 
lON05756 2.3-33 E s. 
10N05757 ,33-~8 Bs1 $ 
10N057'M 3!Vi8 B's2 s 
10N05759 58-107' Bs3 s 
'10N05760 t0'7-140 E&B't1 s 
'10N0576'1 140 E&Bt2 s 
'10N05762 107-140 5 part s 
! ONOS'l.63 f0.4-140 Btpart s 

-20-

SAR 
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PedcnID: S10Wf085004 

Sampled As 

*•~ Primary Char9cterization Data ,._ 
( Oneida County, Vlisoonsin ) 

USDA-NRCS-NSSC-National SoTI Survey Laboratory Pedoo Nb. 10N1181 

pH & Carbonates -1· ·6· • 7. -a • -10- .,1. 

(· • • - n - •· - - - - • - • • • pH - • • • - • • - • - - - - - - - -) (- • Carbonate • ·) ( • • Gypsum • • •) 

CaCt2 As CaCO3 As CaSO/2H
2
O Reslsl 

Deplfl 0.01M H:P Sal -<2mm ~mm <2mm <20mm ohms 

~yer {cm) Horz Prep KCI 1;2 1:1 Pasre O:Xid Naf ( ·-·-······%---------1 cm·1 

4C1a2a 4C1a2a 4C1a-1a1 

10N05755 0-23 Ap s 4.5 5.2 9.7 
10N05756 23-33 E s 4.6 5.3 9:.9 
10N05757 33-38 Bs1 s 4.7 5.5 9.6 
10N057$8 ~8-58 6s2 s 4.,6 5.5 9.6 
10N05759 58·107 Bs3 s 4.7 5.6 
10N05760 107~14Q E&Bt1 ·S ,t.7 5.6 

9.4 
8 .. 9 

iON05761 140 E:&Bt2 s 5.0 6.8 8.3 
10N05762 10M40 E part s 5.1 6.0· 8.S-
10N05763 104-140 Bt part s 5.1 6.1 8.8 --
Phosphorous -1· ·2- -3- -4- -5- -6· -7- -8- -9-

{- - - • - - · •· --· -····•·Phosphorous•- - --- - -·· • • - • •· •)KCI 

Melanie NZ Acid Bray Bray Olsen H2O Citric Mehf!Ch Extr 

Depth Index Oxal 2 Acid Ill NO3 
Layer (cm) Horz Prep % {···· · ·· • ···· · · · ··• -···•mg kg"1-- -· • ···· · ·•· · •··) 

4D8a1 

10N05755 0·23 Ap s 22 
10N05756 23-33 E s 20 
10N05757 33-38 8s1 s 16 
10N05758 3$-58 6s2 s 14 
10N05759 58-107 8s3 s 11 
10N05760 107-140 E&Bl1 s 
10N05761 140 E&8t2 s 

8 
4 

\ON05762 107-140 E part s 5 
10N05763 104-140 Bt part s 11 

Page 24 of 2·6 

Print Date; Sep 28 2010 8:35AM 
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Pedo.n ID: S10'11'I085004 

Sampled As 

USDA·r-lRCS-NSSC•NationaJ Soil Survey Laboratory 

Clay Mineralogy (<.002 rnm) -1-

Depth Fract 

-2-

X-Ray 

"'d Primary Characterization Dala -• 
( Oneida County, Wisconsin J 

Pedon No. 10N11-81 

-5- -6- -7- -8-

Thermal 

-9- -tO- -11- -12• -13-

Bemeotal 

Page 25 of26 

Print Date: Sep 2& 2010 8.35AM 

-15- -16- -17- -1&-

EGME Inter 

Si02 Al20 3 Fe;p3 MgO Cao KP Na2o Rein preta 

tion 

Layer (cm) Horz ion (-- ---- -••peakslze---- ·- ···-) (··- -·--·-%··-·-· ·--·) ( -------- ····--· - %.- -- ---· ··········· 0 mgg·1 

10N05758 38-58 Bs2 

10N05761 140- E&B\2 

10N05762 107-140 ,epan 
10N05763 104-140 Bl part 

FRACTION INTERPRETATION: 

tcly • Total Clay, <0.002 mm 

MINERAL INTERPRETATION: 

KK • Kaolinite 

RELATIVE PEAK SIZE: 

1cly 

.tcly 

Jdy 

1dy 

VR 1 KK1 

KK 1 VR 1 
KK1 \1R1 

VR2 KK1 

\lR • Venntcul_ite 

SVerylarge 4 Large 3 ~edium 2Small 1 \lerySmall 6 No P~aks 

CMIX 

CMIX 

CMIX 

VERM 
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Pedon ID· S10WI085004 

Sampled As 

USDA-NRCS-NSSC-National Soil Survey Laboratory 

Sand - Sill Mineralogy (2.0-0.002 mm) 

Fract 

-2-

""* Primary Characterization Data""* 
( Oneida County, Wisconsin) 

Pedon No. 10N1181 

-3- -4- -5- ·6· -7- -8- -9- -10-

X-Ray Thermal 

Tot Re 

Page 26 of 26 

Print Date: Sep 28 2010 8:35AM 

-1 1- -12- -13- -14- -15- -16- -17- -18-

Optical EGME Inter 

Grain Count Rein preta 

781a2 • tion 

Layer 

Depth 

(cm) Horz 

8s2 

Ion ( - • - - • - - - peak size - - - - - - - - - ) (- - •• - • - - % - • - - - - - • - ·) (- - - - - - - - - - - - - - - - - - - - % - • - - - - - • - - - - - - - •• -) 

10N05758 38-58 

10N05760 107-140 E&8t1 

FRACTION INTERPRETATION: 

fs - Fine Sand, 0.1-0.25 mm 

MINERAL INTEKPRETATION: 

AR - Weatherable Aggregates 

FP - Plagioclase Feldspar 

OZ -Quartz 

INTERPRETATION (BY HORIZON): 

SMIX - Mixed Sand 

Is 

fs 

BT - Biotite 

GN -Gamet 

CO • Chert (Chalcedony 

HN - Hornblende 

85 0278 FK 14 

BT tr FP tr 

80 OZ 72 FK16 

FP 1 OP. 1 

FE - Iron Oxides (Goelhite 

OP-Opaques 

FE 5 

GN tr 

FE 5 

PR 1 

CO2 PR 1 AR tr 

HN tr OP tr 

CO2 AR 1 BT 1 

GN tr HN tr 

FK - Potassium Feldspar 

PR - Pyroxene 

SMIX 

SMIX 
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Board 3386 
2000 

141509 Batch 26419 

1900 

1800 

1700 

1600 

1500 

1400 
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1000 

900 

800 
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600 
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400 

300 

200 

100 

0 
l 10 20 30 

2-Theta - Scale 
F1le: 141509ARAW- Creat,on: 9/16/2010 F11e 141509C.RAW - Creat,on· 911612010 File: 141509A.RAW - Creation: 9116/2010 DIF - C2010USWl114_10N05758_Bs2 -1 
File: 141509B.RAW - Creation: 9/"6/2010 File 141509D.RAW-Creation 9/1612010 File: 1415098.RAW - Creation: 9/1612010 
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Board 3387 141512 Batch 26420 

10 20 30 

2-Theta - Scale 
File: 1415i2A.RAW-Creabon: 9115/2010 File 141512C RAW- Creation· 9115/2010 File: 141512A.RAW- Creation: 9115/2010 DIF • C2010USWl114_10N05761_E&Bt2 
FIie. 1415' 2B RAW. Creation: 9/1512010 File 1415120 RAW • Creation: 9115/2010 Fi!e: 141512B RAW. Creation: 9/15/2010 
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0 
2 

~ 
"-"1,...-.,_..,..,..,...,.""'l'm<''~~ 

"''b· 
11"' 

10 

Board 3387 141513 Batch 26420 

20 30 

2-Theta - Scale 
F,le 141513A RAW· Creaton. 9/15/2010 F,,e 141513C.RAW- Creation: 9•1512010 Flle: 141513A.RAW-Creaoon: 9/15/2010 OIF • C2010USWl114_10NOS762_E pan· 
FJe 1415•36 RAW· Creatoiv 911 5/2~10 Ft" 1415130 RAW · Creation 9'1612010 Ae: 14~5138 RAW· Crea~on 9/1:J2J10 
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Board 3387 141514 Batch 26420 
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2-Theta - Scale 
F le 141514A RAW- Creabon 911Sl.2010 File 141s1.:c P.AW - Creabon 9116/2010 File. 141514A.RAW- Creation: 9/16/2010 DIF - C2010USWl114_10N05763_8t part 
Ffe· 1415148 RAW-Crea~on 9,,€.·2D1J Ftie, 14151.:0 RAW - Creabon 9,16/2010 FIie ~41514B RAW-Crea;on: 9/16/2'.l10 
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Classification: 

V ,., , M l\C'.-ed I(i,,d -£,-,\-i~ \.:£LO'o<·"<,oc 'S 
Describer(s): Hll, 12f>, 'S~ 

JE'1~l-
Weather. Temp.: Air: Latitude: .!.' 5 • ....,;.:;- · ~t \, d" N Datum: Location: 

Soil: Depth: Longitude: '6 ~ ::; ' ~, ~" W y., p,, Sec. l'j T. 3) 11. R. 

UTM: Zone: mN: Site ID: YR: State: County: Pedon #: Soll SuNey Area: MLRA / LRU: Transect: ID: 

!() uJ J.. 0 fa,... .: o \ ll~"\(t)\ Y'\ Stop#: Interval: 

Landscape: Microfeature: Anthro: Elevation: Aspect: Slope(¾): Slope Complexity: Slope Shape: (Up & Dn I Across) 

6 ·o ::;0· .3 ~l 'f'f'\ ,P\ e... L - L 
Hillslope Profile Position: Geom. Component: Microrelie1: Physio. Division: Physio. Province: Physio. Section: State Physlo. Area: Local Physio. Area: 

Drainage: Flooding: Ponding: Soll Moisture Status: Profile Saturated Hydraulic Conductivity 

1--\()\~ Ksat: (' . \ / 1JQ.l(,..1 '(/1,, 

Parent Material: Bedrock: Kind: Fract: Hard.: Depth: Uthostrat. Units: Group: - FonTiation: Member: 

Erosion: Kind: Runoff: Surface Frag %: GR: CB: ST: BD: CN: FL: Diagnostic Horz. / Prop.: Kind: Depth: 

Kind: 

P.S. Control Section: Ave. ay %: 5 Ave. Roel< Frag %: ~.o/. 

DepthRange: 10 - 4 0" 
q_c 

I /4 s~u :?i ~c 
,--:- -; 

~~ fv Q._ -, ,::___ 
! L/ ':) I 1 v L-- • I ·~ 

VEGETATION: MISCELLANEOUS FIELD NOTES / SKETCH : 
SYMBOL C1 MMONNAME ¾GO COVER 
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·- 71!) -- er,- .. '-..-/ 

Obscr. Depth~,;. Horizon Bnd Matrix Color Texture Rock Frag Structure Sand Silt Clay LEP Mottles 

Method ITOPl IBOT\ Orv {Moist'l Knd % Rnd Sz Grade Sz Tvne % 'Y, % % Sr Cont. Col Mst Sho Loe 

1 o-q AP AS /0"1.- 3)1- LS 'Z. % ~G I ~ gr l~U 1' I\ ~,y le, 
2 9-Uo 6s I AS 7.5' 'fr Y/'4 LS 2_% '2o G \ ri1'$ol'- ll'l \, rtr, 1,,,:,c,, n...., 
3 

lv-20 6s'2.. /tl.2 7Syr-4/ID LS lo% eo <o () l~,0 ,ft Q ')I,. 

4 
20- 2.~ 6-s 3 cs 7-Syr-'=t<_ s 1% eo c; 'DG IA 1 .J'l l'.',. ,,Cit)' 1<1 A 

5 2't)-3& 5w cw ,.Sr<"S/to 5 3% io G 
'"'' - u, .C-jty. l<J 

6 % -51. 6-clf,f)\ c.s IO'fr 'S/4, s I½, G. lilt! I,'!' A, ~<t {l ~ I ,.. 
7 5a-<o3 & 2.le.)2. Aw 10'1.- s,-1 s \o/,, 

\..,_,.. IO 1-.c<_ru \12..0 

C::, ~ ,, y ,C. ~ J, _ 
8 l,3- 73 BC.. r-. 

..., 
<0
--"' 51(#+ cs \0-.,,.- <., I "I '::) 1% G \(\ , , '{',j Al'l., lh 1)% + b 7, £y ,-L1i I,., 'tx>.r-d.c, ~ 
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Pedon ID: S10WI069001 

Sampled as : 
Revised to : 

SSL • Pro1ect C2010USWl114 Lincoln & Oneida C+o. 
- Site 10 10W1069001 northwest 
- Pedon No 10N1178 
- General Methods 181A, 2A1 , 2B 

Layer Horizon Orig Hzn Depth (cm) Field Label 1 

10N05725 Ap 
10N05726 Bs1 
10N05727 Bs2 
10N05728 Bs3 
10N05729 Bw 
10N05730 Bt1 & E1 
10N05731 Bt2 & E2 
10N05732 BC 
10N05733 C 
10N05734 Bt part 
10N05735 E part 
--- -

0.0-23.0 S10Wl069001-1 
23.0-41.0 S10Wl069001-2 
41 .0-51.0 S10WI069001-3 
51.0-71.0 S10WI069001-4 
71 .0-91.0 S10WI069001-5 
91 .0-132.0 S10WI069001-6 
132.0-160.0 S10WI069001-7 
160.0-185.0 S10W1069001-8 
185.0-203.0 S10WI069001-9 
91.0-160.0 S10W1069001-10 
91.0-160.0 S10WI069001-1 1 

.... Primary Characterization Data "0 

( Lincoln. Wisconsin ) 

Field Label 2 Field Label 3 

Page 1 of 26 

Print Date: Sep 28 2010 8:35AM 

United States Department of Agriculture 
Natural Resources Conservation Service 
National Soil Survey Center 
Soil Survey Laboratory 
Lincoln. Nebraska 68508-3866 

Field Texture Lab Texture 

LS 
LS 
s 
s 
s 
s 
FS 
s 
s 
s 
FS 
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Pedon 10: SlOW,069001 

Sampled As 

"""' Primary Characterization Data ••• 
( Lincoln County, Wisconsin ) Print Date: Sep 28 2010 8:"35AM 

USOA-NRCS-NSSC-National Soil Survey Laboratory PeJlon No. 10N1178 

PSOA & Roc.k ~ragmerits ·1· . 3- -5· -6- -7- -10- -11- -12- -13- -14- -15- -16-

(· • - - - Total· - - - - •) (· • Clay ·· ·) (·--•Silt•····) (·•· ··· ··-·• • Sand-·-··-····· · ) ( Rock Fra·gmeots (mm) ) 

Clay Silt Satid flne C0 3 
Fine- Coarse VF F M C VC (· • • • • • •• We.ight- • • • • • • •) >2mm 

< . 002 .05 < < .002 .02 .05 .10 ,25 .6 1 2 5 20 .1- wt% 
Depth .002 •• OS -2 ,0002 .002 ·.02 -.05 - .10 -.25 -.50 ·1 -2 .5 -20 -75 75 whole 

Layer ,(cm) Hor.: Prep (·- • - • - - • - • - - • • • - • • • • ••••••%of <2mm Mineral S.oil • • • • • • • • • • • • • · • · · - • • - • - • • • •) (· - • • • - · % o{ <75mm - • - - - -) soil 
3A1a1a 3A1a1a 3At_a1a 3A1a1a i3A1a1a-:3A1a1 a 3A1a1a 3A1a1a 

10N05725 0-23 Ap s 4.8 t2.2 83.0 2.8 6.4 5.6 J .S · 24.6 48.4 5.7 0.0 1 1 3 81 5 
10N05726 23-41 Bs1 s 4.0 11.7 84.3 2.4 5.3 6.4 4.3 32,3 38.8 6.8 2. 1 3 2 81 5 
10N05727 41-51 8$2. s 39 7:2. 88.9 2.9 2,3 4 .9 2 .7 31,5 48.9 4.1 1.7 4 6 88 10 
10N05728 51-71 Bs3 s 2.5 2.5 95.0 2.7 0.1 2.4 1.4 29.9 61.3 2.4 tr tr 94 tr 
10N05729 71-91 Bw s 1.4 0.9· 97.7 2.0 0'.1 0.& 1.0 29,2 63.4 3.7 0.4 tr 1r 97 1 
10NQ5730 91-1-32. Bt1 & E1 s 0.4 0.6 99.0 '1.7 0.1 0.5 0.8 47.2 46.9 3.7 0.4 tr tr 98 1 
10N05731 132-16.0 812 & E2 s , .o 2.8 96.2 2.1 tr 2.8 9,4 50.9 35,1 P.7 0.1 1 87 1 
10N05732 160--185 BO s 0.2 02 99.6 1.9 (;)'.2, 0.8 37.3 6.13 0.2 99 
10N05733 18.5-'203, C s 100,0 - 1,1 16,3 82,0 0.6 99 
10N05734 9·1-160 a~ part s 6.1 0.5 93.4 4.0 0 .2 0 .3 0.5 36,6 ,54.9 1.2 0.2 tr 93 tr 
10N05735 ,91-160 E part s 0.1 1.6 98.3 t r 1.G 4.3 50.7 41.5 1.7 0.1 tr 94 tr 

Bulk Density & Moisture ·1- -2· -3- -4- .5. -6- .7. -8- -9- -10- -11 • -12~ -13-

(Bulk Density) Cole (· - - • • - • • - - • Waler Con lent • • • • • • - • • • ·) WRP Aggst 
33 Oven Whole 6 to 33 1500 1500 kPa Ratio Whole Stabl (· - Rati~Clay- -) 

Dept!) kPa Dry son kPa kPa kPa kPa Moist A0/00 Soil 2-0.5mm CEC7 1500 kPa 

Layer (cm) Horz Prep (- - - g cm-3 • • -) (· --- ---•--•• pct of< 2mm - -- • · ·-- --·-) cm'l cm-3 ¾ 
3C2a1a 301 

10N05725 0-23 Ap s 3.7 1.007 0.79 0-77 
10N05726 23-41 B.s1 s 2.1 1.005 0.70 0.53 
10N05727 41-51 6s2 s 1.8 1.004 0.62 0-46 
10N05748 51-71 8s3 s 1.5 1.003 0 .. 64 0.60 
10N05729 7Hl1 Bw s 0 .8 1.002 0.79 0.57 
10N05730 91-132 Bt1 & E1 s 0.6 1.001 2.25 1.50 
10N05731 132-160 812 & E2 s 0.9 1.002 1.20 0.90 
10N05732 1'Ei0-t85 BC s 0 .4 1.001 2.00 2.00 
10N05733 185-203 C s 0.6 1.001 
10N05734 91-160 Btpart s 2.5 1...007 0.48 0.41 
10N05735 91-160 E part s 0.6 1.001 6 .00 6.00 
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Pedon !D: .S1 OWI069001 

sampled As 

,..,. Primary Characterization Data .,... 
( Lincoln County. Wisconsfn ) 

Page 3 of26 

Print Date: Sep 28 2010 8:35AM 

USDA-NRC5-NSSC•Nalional Soil Survey Laboratory Pedon No, 1'0N1178 

CarbOn & E:xtraclions 

Depth 

Layer (err) 

10N05725 0.23 
10N05726 23-41 
10N05727 41-51 
l0N05728 51-71 
10N05729 71-91 
10N05730 91-132 
10NOS731 132-190 
10N05732 160--185 
10N05733 18'5•2()3 
10N05734, 91-160 
10N05735 91-160 

CEC & Bases 

Layer 

10N05725 
10N05726 
10N05727 
10N0S728 
10N05729 
10N057-30 
10N05731 
10N057.32 
10N05733 
10N05734 
10N05735 

Depth 

{cm) 

0-23 
23-41 
41-51 
51-71 
7Ml1 
91-132 
132·160 
160·185 
18E-203 
91-160 
-91-160 

Horz Prep 

Ap s 
Bs1 s 
Bs2 s 
Bs3 s 
8w s 
Bt1 t 1;1 s 
Bt2 & e2 s 
BC s 
G s 
Bt part s 
E pen s 

Hor.z Prep 

Ap s 
Bsl s 
Bs2 s 
8s3 s 
Bw s 
B11 & E1 s 
812 &E2 s 
BC s 
C s 
Btpan s 
E part s 

+ :2. .3. -4- -s- -6- .7. -8- -10- ·11· -1.2- -13· 

(· - · - - Total - • - - - ) Org C/N 
C N S C Ratio 

(· - - O.th-Cit Ext•••) (·•• • ••Ammonium O"ala(e El<traction • • - • • -) {· - - NJi'Pyro-Phosphate-- - -) 
Fe Al Mn Al..-½Fe ODOE Fe Al SI Mn C Fe. Al Mn 

(· •• - --% of <2 mm•• -- - -) (· ···- ······-··-- ···•%0f<2mm••······· ·····--··) mgkg·1 (·····•%0f<2mm---··) 
4H2a 4H2a 4H2a 4G1 4G1 4G1 

O.!JS 0.08 0.01 13 0.3 
0,26 0.01 37 0.3 
0.13 0.02 5 0.2. 
0.09 0.02. 4 o., 
0.06 
0.03 0.03 
0.05 0.04 0.1 
tl.01 
0.0J o.oi 1 
Q.09 Q,03 3 0,2 
0.02 0,02 1 

-1- -2- -3- -4- -5- -6-

(· · - · · · NH4 OAC Exlraclable Bases· ·· · · ) 

Sum 

Ca Mg Na K Bases lty 

0.1 tr 
0.1 
0.1 
lr 
tr 

tr 

-7-

Al 

-8-

KCJ 

Mn 

(· • •• • • • • • • • - • • • - • cmol(+) kg·1 
• - • - • - • - •· • • • - - - - - •) mg kg· 1 

481a1a 481a1a 4B1a1a 481.11& 482b1a1 

3,4 
1.6 
1.2 
o.s 
0.5 
0.3 
0,4 
01 
0.2 
1.3 
0-2 

0.2 

11' 
0,1 

0.5 

0,1 
0.1 
0.1 
0.1 
tr 
tr 

3 .7' 5.6 
1.7 2.3 
1.3 2,2 
0 .. 9 1 .6 
o.s 1.1 
0.3 0.3 
0.5 1..1 
0.1 
0..2 0.3 
1.8 1.8 
0 .2 0.4 

·$· -10- -11· -12· -13· •14· 

CEC.8 CEC7 ECEC (-·--Base •---) 

Sum NH4 Bases Al. (·Saturation•) 

cats OAC +Al sat Sum NH40AC 

(· • •• cmol(+) kg-1 •• ·) (· - •• - ••• %-•••• ~. ·) 

4B1a1,a 

9.3 3.8 40 97 
4-,0 2.8 43 61 
3.5 2.4 37 54 
2.5 1-.6 36 56 
1.6 1.1 31 45 
0.6 0.9 50 33 
1.6 1.2 31 42 
0.1 0.4 100 25 
0.5 0.7 40 29 
3.6 2.9 50 62 
0.6 0.6 ~ 33 
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Pedon ID: S1 OVVI06901Jt 
:Sampled' As 

*·'* Primary Chciraetetization Data "'""' 
C Lincoln County I Wisconsirr) 

?·age zt,of26 

Print Date:: Sep ·28. 2010 8:s5AM 

USDA-NRCS-NSSC-Natlonal Soil Survey' Laboratory Pedon No, 10N1178 
--,1 -- ___ ...__, __ ·----·-·-- .,-...... _. _.,...,. ... _ .. ---.. ----..-------- ·...-

l!ay.er 

10N05725 
10N05726 
10N0572-7 
10N057e8 
10N05729 
10~05730 
1'0N05731 
10N05732 
10N05733 
10N05134 
10N05735. 

Oe,pth 

(cm) 

t>-23' 
23-41 
41-51 
5H'i 
71-.91 
9H32 
13;2-16Q 
160-185 
185-,203 
91-l60 
91-16P 

pH & Carconates 

Depth 

Layer (cm) 

10N.05725 0-23 
10N'05'72!'>' 23-41 
10N057i7 41-51 
10N05128 51-71 
'10"'05729 7-1-91 
10N057;3,0' 91-fa.2 
101'105731 1'32-'160 
1.0NQS\1'.32 160-1135 
fON05733 185--203 
1011J05734 91-160 
1.0N05735 $-1-160 

Horz 

~ 
B~t 
8s2 
Bs3 
Bw 
Bt1 -& E1 
Bt2 If. E2 
BC 
C 
Bt'part 
E part 

Hor2 

Ap 
Bs-1 
Bs.2 
Bs3 
Bw 
B11 & E.1 
Bt2 & E2 
BC 
C 
St part 
E part 

Prep 

$ 
$ 
$ 
s 
s 
s 
s 
s 
s 
s 
s 

Prep 

s 
s 
~ s 
s 
s 
s 
s 
s 
s 
s 

-1- -Z- -4- -5- -6- -7- -8, - fO- -11- -12• 4 3- -14- -15-' -16- -17~ , 1.8- -19- .20:,. 

f - - - - - - - - - - - - - • - - • - - - -- - Wi:iter eidracied FrOJn S..iilura:ted Pa,;li,, - -- - - - -.- - - - - - - - -- - - - -- - -) Pred 

C'a Mg Na K <,03 1-tCOa F 'Cl p04 Br OA,C $d4 N02 l'!Cl3 

(-- - - -llim'ol(+) L'1- - - - -} (-- - - - - - -- - - --- -- ----- -mmol(•) L·1--- • -- - --- - - -- - -- - --) 

-2- -3- -4- -7- -8-

{ " - - - - - - - - - - - - • - - - pH - - - - - • - - _,. - - - • - - ) (- - Carbona.te - -} (- - Gypsum - - -} 

CaCl2 As. CaC@3 As· baso /2H2o Re-s)st 

O.OJM H20 Sat <2inm ·<20mm <2mm <Q0mm Ohrt)'S . 

KCI 1:2 1:1 Pa·SJe Oxid. NaF (-- -- -- -- - -- - %-- ---- --- - -) cm·1 

4C1a2a -4C1;i2a. 4C4a1a1 

-5.3 6.0 9:9. 
S:.5 6.3 10.1 
5.4 6.2 9.9 
5.2 6.1 9 .8-
5.3 6.'2 9.9 
5.1 6.1 9.2 
4 ,7 5.5 8.8 
5 .. 1 5.9 8 .7 
5, 1 5.9 8_0 
4.8 5.7 '9',1 
5.1 5.9 9 .1 

T.otal Elec Etec Ex..ch 
Hi O Salts Conq Gon<l· N'a 

(----%--- ·J (--ctsm·1 --) % 

SAR 
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Pe<lon ID; S 1 0WI0690Q1 

Sampled As 

,.,... P,-imary Characterization Data """ 
( Lincoln County, Wis~nsin ) 

USDA-NRCS-NSSC-National Soft Survey Laboratory Pedon No. 10N1178 

Phosphorous. -2- -3- -4- -5- -6- -7- -8- -9- ·10-

(- • • • - • • - - • - - • • - - • - • PhOSpJlotous • • - - • - - - - - · - - - - • -) KCI 
Melanie NZ Acid Bray Bray Olsen H20 Citric Mehlich Extr 

Dep1h Index Oxal 1 2 Acid Ill NO3 
layer (cm) 1-!orz Prep- % (- - • - •••• - • - • - - - • - • - •• • -mg kg· I •• • . - · •• •• - ••••• -) 

4O8.t1 

10N05725 0-23 Ap s 20 
10N05726 !23-41 Bs1 s 19 
10N0572Z 41-51 8s2 s 16 
10N05726 51-71 Bs3, s 12 
10N05729 71-91 Bw s 10 
10N05730 91-132 811 & E1 ,S 7 
10N05731 132-160 B12 & E2 S 7 
10N05732 160-185 BC s 4 
10N057;33 185-203 C s 3 
10NQS734 91-160 Bl part s 14 
10N05735 91-160 E part s 6 

Page 5 of26 

Print Date: Sep 28 2010 8~35AM 
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Peden ID: S 1 0Wl0G9001 
Sampled As 

USDA-NRCS-NSSC-Nalional Sol) Survey LabOr;itory 

Clay Mineralogy {<.OOi mm) .j. 

OepU, Fraci 

·2- -3-

X-Ray 

7A1a1 

*** Primary Characterization Dafa *** 
( Lincoln County, Wisconsin ) 

Peden No. 1ON1178 

--4. -5- -6- -7- -8· -9- -10· 

Thermal 

SiO2 

Page 6 of26 

Print Date: Ssp 28 2010 8:35AM 

-11- -12- -1~ ·14- -16- ·16· -17- -18-

Elemental EGME Inter 

Al2~ Fe20 3 MgQ Cao KzO Na2O Rein prela 

lion 
Layer (om) HoJZ ion (····-·--• PeaksQe---·------) (- . - - • - - - - %- - - --- - • - ·) ( -··------- · -----··o/o-··-·----·-·······l 
10N05727 41-51 8s2 
10N05729 71-91 Bw 

10N05734 91-160 Bt part 

10N05735 91-160 E part 

FRACTION INTERPRETATION: 

tcly - Total Clay, <'0.002 mm 

MINERAL INTERPRETATION: 

KK-Kaolinile 

RELATIVE PEAK SIZE: 

ldy VR2 KK 1 

lcly VR2 KK2 Ml 1 

lcly VR2 KK 1 

tcly KK1 VR 1 

Ml· Mica 

5Very Large 

.YR • Vermiculite 

4 Large 3 Medium 2 Small 1 Very Small 6 No Peaks 

VERM 

VERM 

VERM 

CMIX 
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Pedon ID: S10Wf069001 

Sampled As 

....... Primary Characterization Data ,tu 

( Lincoln County, Wisoonsin ) 

Pogc 7 of26 

Print Date: Sep 28 2010 8135AM 

USOA-NRCS-NSSC-National Soil Survey. Laboratory Pedon No. 10N1 HS 

Sand • Silt Mineralogy (2.0-0.002 mm) 

Depth 

Layer (cm) Horz 

10N05729 71-91 BW 

10N05731 132-160 Bt2.~ E2 

10N05734 91-160 Bt part 

FRACTION INTERPRETATION: 

Is - Fine Sand, 0.1--025 mm 

MINERAL INTERPRETATfON: 

AR• WeetherableAggregates 

FK - Potassium Feldspar 

PR • Pyroxene 

INTERPRETATION (BY HORIZON): 

SM lX • r,iixed Sand 

_,_ 
-2- -3- -4- -5- -6- -7- -8- -9-

X-Ray Thermal 

Fracl 

ion ( - - • .. - - - peal( size - - - -- - - - · J (········%----------) 

fs 

fs 

fs 

BT· Siotlte 

FP - Plagioc/ase Feldspar 

OZ-Quartz 

GD - Ch,ert (Chalcedony 

GN -Gamet 

TM - To\Jrmalioe 

-10- -11- -12- ·13· -14- -15- -·16- -17- ·1&-

0ptlcal EGME Inter 

Tot Re Grain Count Rein preta 

781a2 lion 

(- -- -- •• - •• -- • - -- --- -%-- •••• -- • - •• -- ····) 

83 QZ78 FK 13 FE4 

PR 1 BT It GN tr 

78 QZ73 FK 17 AR2 

HN 1 OP 1 PR1 

80 QZ73 FKi3 FE4 

PR2 OP1 BT tr 

CL· Chlorite 

HN - 1-tornblende 

AR2 co 1 HN 1 

OP tr 

FE2 co 1 GN1 

BT tr TM tr 

AR2 CO2 HN2 

CL tr FP tr GN tr 

FE - Iron Oxides (Goelh1te 

OP-Opaques 

SMIX 

SMlX 
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F1:e 141478A RAW· Crea~on 9/1512010 Fi e 141478C RAW · Creat.on g,• 5/2010 File; 141478A.RAW - Creation: 9/15/2010 OIF - C2010USW1114_10N05727_8s2- 1 
File: 1414788.RAW -Creation 911512()"0 Fi,e 1414780 RAW - Creal>On Ql~S/2010 F 18 141.C788 RAW- Creation 9/15/2010 
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File 141480A RAW- Creauon 9/15/2010 file 141480C RAW · Creaton ll/'5/2010 File: 141480A.RAW- Creation: 9/1512010 DIF -C2010USWl114_10N05721l_Bw- 1 
F,la ,,-~oe RAW- Craabon 9!;512010 F'e 1414800 RAW- Creaton 9/'512010 Fie 14146-08.RAW- Crea~on. 9/1512010 
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Board 3385 
2000 

141484 Batch 26418 
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File. 141484A RAW-Crea11on• 9115/2010 File 141484C RAW- Creauon 9/1512010 Ria: 141484A.RAW • Creation: 9/1512010 DIF. C2010USWl114_10N05733_C -141 
FIie· 1414848 R.AW Creabon, 9115120'0 File 141484D RAW· Crea11on 911512010 File 1.C14848.RAW • Creauon 9/15/2010 



15
6 

 

2000 

1900 

1800 

1700 

1600 

1500 

1400 

1300 

1200 

400 

300 

200 

100 

0 

Board 3385 141485 Batch 26418 
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File 141485A RAW • Creabon 9n512010 FIie. 141485C RAW• Creatror 9/15!2010 Flle: 141485A.RAW • Creation: 9/15.12010 DIF -C2010USWI114_10N05734_Bt part 
File 141485B RAW - Craat,an 9115/2010 Frie 141485D RAW . CreatJor 9/15/2010 Ftle. 1414a5B.RAW. Creauon 9/15/2010 
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•le "414S6BRAW-Cro,a1on:9/15!2010 F1e.141486DRAW-Crea:ion 911512010 FI.e ~4,~86B RAW-Creaton 9'151201C 
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Hltll I I M .. .. mil 
Obser. Depth (CM) Horizon Bnd Matrix Color Texture Rock Frag Structure Sand Silt Clay LEP Mottles 

Method (TOP) l~OTI Orv Moist Knd % Rnd Sz Grade Sz Tvee ¾ ¾ % ¾ Sz Cont. Col Mst She Loe , 
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Pedon ID: S 1 OW!069002 

Sampled, as : 
Revised to 1 

SSL • Project C2010USWl114 Lincoln & Of'Iei~ C+o. 
• Site ID 10W1069002 nortnwosl 
• Pedon No. 10N1179 
• General Methods 1B1A, 2A1. 2B 

Layer H9rizon Orig Hzn 

10N05736 Ap 
10N05737 E/A 
10N05738 Bs1 
10N057.l9 Bi,2 
10N05740 Bs3 
10N05741 B6 
10N05742 E&Bt1 
10N05743 E&B12 
10N05744 C 
10N05745 Epart 
10N05746 Bt part-

Depth (cm) Field Label 1 

3,0•20.0 SJOWI069002·1 
20,0-30.0 S10WI069002·2 
30.0-56.0 Sl OWI069002-3 
56.0-76.0 S1 OWI069002-4 
76. ()'.94.0 S.10WI069002-5 
94.0-114.0 S10WI069002-6 
114.0-142;0 S10WI069002-7 
142.0~175.0 S10W1069002-8 
175.0-203.Q S10W!069002-9 
114.0-175.Q S1QWl069002-10 
114.0-175,0 S10WIQ69002-11 

*"* Primary Characterization Data~~• 
( Lincoln, Wtsconsin ) 

Field Label 2 Field label~ 

Page 8 of26 

Print Dale: Sep 28 2010 8:35AM 

United States Department oi Agriculture 
Natural Resources ConservatiOl'I Service 
National Solr Survey Center 
Soll Survey Laboratory 
Lincoln, Nebraska 68508-3866 

Field Texture Lab Texture 

LS 
LS 
LS 
LS 
s 
s 
cos 
s 
s 
s 
s 
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Pedonl0:S10WI069002 
Sampled As 

., ... Primary Characterization Data d* 
( Lincoln County, Wisconsin ) 

Page 9 of 26 

Print Date; Sep28 2010 8:35AM 

USDA-NRCS-NSSC-National Soil Sur,,ey Laboratory PedQn No. 10N 1179 

PSDA & Rock Fragments 

Depth 
Layer (cm} Herz Prep 

10N05736 3-20 Ap s 
10N05737 20-30 E/A s 
10N0S738 30-56 Bs1 s 
10N05739 56-70 lfs2 s 
10NOS740 7-6-94 8s3 s 
10N05741 94-114- BE s 
10N05742 114-142 E&Bt1 s 
10N05743 142-175 E&Bt2 s 
10N05744 175-203 C s 
10N05745 114-175 E par1 s 
10N05746 114-175 Bt part s 

Bulk Density & Moisture 

Depth 

Layer (cm} Herz Prep 

10N05736· 3-20 Ap s 
10N05737 20-30 E/A s 
10N0573.8 30-56 8s1 s 
10NOS739 56-76 Bs2 s 
10N05740 76-94 8s3 s 
10N05741 94-114 BE s 
10N05742 114-142 E&Bl1 s 
10N05743 142-175 E&Bt2 s 
10N05744 175,-203 C s 
10N05745 114-175 E part s 
10N05746 114-175 Btpart s 

-1- -3- -6- -7- .9. -'fO- -11- -12- -13- -111- -16-

(•----Total - -- ~-•) ~--Clay-- -) (----.Sill---··) (-··········•Sand-·-··-·--···) (RockFragmenti; (mm)') 

Clay Slft Sand Fine C03 fine Coarse VF F M C VC (······--Weight--•·····) 

< .002 .05 < < .002 .02 .05 .10 .25 .5 2 5 20 .1-
,002 -.05 -2 .0002 .002 -.02 -.05 -.10 -25 -.50 -1 -2 .5 -20 -75 75 
(· - - - - - - - - - - - - - - - - • • • • • • • • • % or <2mm l',1ine<cll Soil • - • • - - - - - -· - • - - - - • - • • - • - - • •) (· • • - - • - % of <75mm - • - - • •) 
3A1a.1a 3A1a1a 3A1a1a 3A1a1a 3A1a1a 3A1a1a 3A1a1a 3A1afa 

5.1 16.0 
6.3 '11.7 
3.9 f6.3 
3.3 14.8 
3.4 4.8 
2.7 5.3 
1.8 5.3 
0.7 0.8 
0.4 0.7 
02 0.9 
4.7 1.5 

-1- -2,. 

(Sulk Density) 
33 Oven 
kPa Ory 

(· -- g cm·3 -- -) 

78.9 1.4 
82.0 0.5 
79.8 1.3 
81.9 0.7 
91.8 1.4 
92.0 0.9 
92.9 0.6 
98.5 0.4 
98.9 0.4 
98.9 0.5 
93.8 3.1 

Cole 
Whole 
Soil 

8.4 7.6 3,9 17.0 
5,3 6.4 3 .0 13.6 
8.4 7.9 3.3 14.2 
7.4 7.4. 5.1 18.2 
2.3 2.5 1.2 12.8 
2.6 2.7 1.2 12.4 
.2-.5 2.8 1,0 15.3 
0.8 0.6 19. 1 
0.6 0.1 0.5 13.1 
Q.8 0.1 0.9 17.6 
0;9 0.6 0 .. 8 202 

-4- -5- -6- -7• -8-

(·· -- --- -- - - Water Content• •----~- - - -) 

43.6 
49.0 
46.5 
46.0 
54.2 
55.3 
49.5 
73-.3 
79.3 
76.4 
63.5 

6 10 33 1500 1500 kPa Ratio 

13.2 1.2 
13,9 2.5 
14.3 1.5 
10.9 1.7 
20.2 3.4 
19.2 3.9 
20.0 7.1 
-5.5 tr 
5.8 0.2 
3.7 0.3 
8.'I 1.2 

-10-

WRO 
Whole 

1 2 
1 1 
1 2 
1 3 
4 5 
6 4 
9 8 

tr tr 
tr- tr 
1 tr 

-11- -12- -13-

Aggst 
Stabl {- - Ratio/C.Jay - -) 

l<Pa kPa l(Pa kPa Moist ADlOD 2-0.Smm CEC7 Soll 
cmlcm-3 % 

1.500 kPa 
(- - - - - - - : - - - - pct of< 2mm • • • • • • • - - - - •) 

3C2a1a 3D1 

4.3 1,007 1.10 0.84 
2.6 1.005 0.59 0.41 
2.1 1.00.5 0.67 0.54 
1.6 1.004 0;'64 0.48 
1.2 1, 004 0.62 0.35 
1,3 1 .003 0.59 0.48 
1.1 1.002 0.78 0,61 
0.4 1.001 0.86 0.57 
0.5 1.001 1.25 1.25 
0.4 1.001 3.50 2.00 
1.8 1.004 0.51 0.38 

76 
79 
n 
78 
91 
92 
93 
98 
98 
98 
93 

-17-

>2mm 

wt% 
whole 
soil 

3 
2 
3 
4 
9 
10 
17 

tr 
1 
1 
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Pedon ID: S10Wl069002 

Sampled.As 

*"* Primary Characterization Data u• 

'( Lincoln County, Wisconsin ) 

Page 10 of26 

Print Da'te.: Sep ;:!8 201-0 '8:35AM 

VSDA-NRCS-NSSC0 National Soil Sarvey L'aboraiory Pe<lon No. WN 1179' 

Carbon & Extractions -1- ·k ~ - -4- -5- -6- -7- -8· .9. -10- -11- -~2- -13.- -14,- -15- ~l.6- -11- -18-

(· - - -r Total - - - - -) Org C/N {- - - Diih-Cit Ext - . -) (- - - - - - Arumoni.urJ\ Oxalate Extraction - • - - - -) ~ - - Na' Pyro-Phosphate - - -1 
Depth C N s t Ratio Fe Al Mn Al+½Fe ODOE Fe Al Si Mn Fe Al Mn 

Later (cm) Korz Prep, (· - - - - - % o'f <2 mm - -- - - -) (-. - - - - - .• - - - .. - - - - - - - - - % pf < 2mro - - - - - - - - - - - - - - - - -) mg kg"1 (· -- • -- 0/.q oJ <'2.mm-- - - -) 
41-ita 4H2a 4H2a 4G1 4G1 4G'f 

1.0.N0573.!3 ~,20 AP s 1, 13 0,.07 17 o . ..i 0,,1 tr 
10N05737 20-3Q E/A s 0.61 0.0.4 14 0,4 0, 1 tr 
15)N0.5738 30-56 85'1 s 0.24 0 .02 1$ 0.3 0.1 
1QN06739 ~6'-76 Bs2 s o:o.s 0.03 2 0.2 Ir 
10N05140 76~S4 Bs3 s 0.05 0.02' :3 C1.1 tr 
10N05741 94-114 BE s 0.04- 0.1. Ir 
10N0574'2 11~-1'4"2. E&B.t1 s 0.04 O.o3 Ir 
10N05743 '142-1.75 E&Bl2 s 0.02 
10N05744 175-20,j C s o.o~ 0Jl'1 1 
10N05'745 114-175, Epart $ 0.01 0.01 2 
10N05746 114.-17·5 Bt part s Ms, 0.0,1 5 0.1 tr 

·---,. 

CEC & ·Ba:;e·s -1- -t- -3- -4- -5- -6:· • 1. -8- -9- •-10- -11- -'12- -1-3- -1.4-

(· - - - -- NH40AC Extractable Bases - --- -). CE€8' CEC7 !=<?:EC (- - - - Base - - - -j 

Svtn Aqid- Ex(r K01 S1,1rn f(IH4 Bases. A l (- Saturation -). 

Dep.lh Ca Mg Na I< Bases i\9, Al Mn Cats OAC +Al Sat Sum NH40AC 

laY,er (co,) Horz Prep (·-- --- - - -- - - - - ~ -cmol(+) -kg·:l -- - - - - -- - --- - - -.- - - --) mg klf1 (; - - - cmol(-+) kg-1 
- - -) (- - - - - - - - % .. - - ·- - • -) 

4B1a1a 4B1a1a 4s·1a1a 4B·1a1a, 4B.2b1a1 -4B1a1:a 

10N05J;36 3-'29 flip s 3.4 , .1 4 .5 5,Q 9.5 5.6' 4'7 80 
'10N0573T 20-30 EJA s 1.4 OA 1.8 5.2 7.,0 3.7 26 ·49 
~DN05738 3_0:55 Bs1 s 0.8 0.4 1,2 ~9 4.1 2.6 29 4.6 
10NbS?j'9 '56-76 Bs2 s 0.4 0.6 1.0 1.2' 2.2 Z.j 45 48 
10N05740 76-94 Bs3 s 0.6 0.3 0.9 1.5 2.4 :z·.1 38 43 
10N05741 -g4.114 BE, s O.A 0.1 0,6 :z.1 2.7 1.6 22 38 
10N05742 1 1'4-'t4i' E&B.i1 s .0. ;3, 0.1 0.4 0'.9' 1,~ 1.4 31 29 
10N05743 142-175 E.&B12 s 0.1 tr 0.1 0.1 0.6 1QQ 17 
10N05744 1TS-203 C s 0 .. 1 tr 0.1 b.1 0.5 fO(j 20 
10N05745 114-175 E,part s 0.1 tr 0.1 0.1 0,1 100 14 
10N05746 114-175 Btpart s 1.1 0.4 0.1. 1.6 1.4 3.0 '2.4 5.3 67 
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Pe'Clo() I_D:, S1 OW(069QQ2 
Sampled As 

.,...,. PrimaryChara,cterizatiol) Dpta d• 

( Lincoln County, lilisconsfn J 

Page L l of 26, 

Pfint Date; Sep 28 ,201-0· 8:35AM 

USDA-NRCS-NSS(:>National Soil Survey Laborat6ry .Pedon No. 10N1179· 

Salt ,,. 

Dept~ 

Layer (clTi) Horz Prep 

10N05736. 3-20' Ap s 
1PN0.5737 20-Sb E/A s 
10N'057',38 gp.55 B.s1 s 
10N05739 56-76 Els'! s 
·idN05740 76-94 Bs3 s 
tON057.41 ~-114 BE s 
10)'1057,42 114-142 E&Bt1 s 
10~0574'.3 142-175 E&Bt2 s-
10N05744 175•203 0 s, 
1QN05745, 114-175 E.part s 
10N05746 114-175 Bt;parf s --.-....,--~~--__.._-,-; 
pH & Carbonates 

Depth 

Lijyer· («.ml Horz Prep, 

10N05736 3-20 Ap s. 
10N05737 2()-30 ~A s 
l(),N05738 30-5.6; Bs1 s 
10N057"39. 56•76 Bs2 s 
1QN05740 Zp-94 Bs3 s 
1QN05741 94-114 BE s 
10N05'742' f14-142 E&Bt1 s 
10N05743 142-175 E&Bt2. s 
10N05744- 175-203 C s 
10N05745 114-175 E part s 
10N05746 114-1'15 Bt part s 

-1- -'.?- ~3. -4- -5- -6- -7- -8· .90 -10- -11,. , -12- -13~ -14- -15J -16- -17- -18- . f9- -20-

(· • - • • • • ~ J . • -• - - - - - - -- - • • Water Extcapted fIOIJ) Saturated Pa.s:te • - - - • - - - - • • - • - - • • • - • • - • ·) 

ca Mg Na' f< coll HCt)J F Cl PO 4 Br, OAC $0;4 N02 NO,a 

·(~. - -~ mmol(+) J_•i - - - - -) (- - - - - - - - - - - - - .• - - - - ,., . - - rnmol(-l L· 1 - -- - - •·· -- - - - - • - - - • • -) 

-1- -4- -5- -7- -8- -10- -11-

CaCl2,. As 'CaC03 As CaS04~2H2O Resist 

(l01M K2b Sa) .:'21J)m <20mm <fmm «Z.Omm ohm·s 

J<CI 1;2 1 :1 Paste. Oxid Naf (- - • • - -- .• ---1¼ .• - •••. - - . -)' cm·1 
4C1a2a 401a2a 4(:;1a1a1 

5.6 6·.3 9.7 
5.4 6.~ 10.2 
5.2 6,1 9,8 
5,1 6,0 '9.4 
4.8 5,8 9,2' 
4, 9 5'.8 9 .5 
5.0 5.9 9.6 
5.1 6.0 8.8 
5.2 6.,Q 8.7 
5.2 5\9 8.& 
5.1 6,0 9.1 

Peed 
To.tal Eleo Etec. Exch 

Salts Cond Cond Na 
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Pedon1D;S10Wf069002 
Sampled As 

..... Primary Characterization Data ,....__ 
( Lincoln C.ounty, Wlsconslr ) 

USOA.NRCS-NSSG-!"ational Soll Survey Laboratory Peden No. 'ON1179 

Phosphorous 
_,_ 

-2- -8- -9- -10-

(- - - - - - - - - - - - -- - - --- Phosphoro.w; - - - - -- - - • - - - - - • - -) KCI 
Melanie NZ. Acid Bray Bray O lsen H2o CJtrlc Mahllch Exlr 

Depth Index Oxal 2 A'Cld Ill N03 

Liilyer (cm) Horz Prep % (- -- - - - -- - - -- - ---- -- - ·--mgkg-1 __ - - -- - - -- -- --- - -) 
408a1 

10N05736 3-20 Ap s 
10N05737 20.:;o E/A s 

19 
23 

10N05738 30-56 8s1 s 18 
10N05739 56-76 8 s2 s 12 
10N05740 76-94 Bs3 s 9 
10NOS741 94-114 BE s ,, 
10N05742 114-142 E&Bl1 s 10 
10 N05743 142-175. l:~Bt2 s 8 
10 N05744 175-203. C s 
10N05745 114-175 E part s 

5 
1 

10N05746 114-175 Btparl s 12 

Pa.gc 12 of26 

Print Date: ~ep 28 2010 8:35AM 



16
4 

 

 

PedonID:S10Wl069002 

Sampled As 

USDA•NRCS•NSSC--Nalional Soil Survey Laboratory 

Clay Mineralogy {<.002 mm) .,. 

Depth 

·2· .3. 

X•Ray 

7A1a1 

-4-

. ... Primary Characterization Data *** 
( Lincoln County, Wisconsin ) 

• 5- ·6-

Pedon No. 10N1179 

. 7. · 8· 

Thermal 

• 9 • .,o. .11. .12. .13 • •14• 

Elemental 

SiO2 Al2O3 FezO3 MgO Cao 

Page 13 of26 

Print Date: Sep 28 2010 8:35AM 

·15- · 16· .17. ·18· 

EGME Inter 

K20 Na20 Retn preta 

lion 

Layer (cm) Horz 

Fract 

ion 

tcly 

tcly 

tcly 

tcly 

( ········•Peaksize••········) (· ········%· ·········) (· · · ··· ·· ···········%······ ·········· ···) 
10N05740 76-94 8s3 

10N05741 94-114 BE 
10N05744 175-203 C 

10N05746 114-175 Bl part 

FRACTION INTERPRETATION: 

lcly • Total Clay, <0.002 mm 

MINERAL INTERPRETATION: 

KK • Kaolinite 

RELATIVE PEAK SIZE: 

VR 2 Kl< 1 

VR2 KK1 

VR2 Kl<2 

VR2 KK 1 

VR • Vermiculite 

5 Very La1ge 4 Large 3 Medium 2 Small 1 Very Small 6 No Peaks 

VERM 

VERM 

VERM 

VERM 
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Pedon ID; S10WI069002 

Sampled As 

USDA-NRCS-NSSC-NationaJ Soil Survey Laboratory 

Sa,,d - Sfft Mineralogy (2.0-0.002 mm) 

·oepth Fract 

-2-

**" Primary Characterization Data *** 
( ltncoJn County, Wisconsin ) 

Pedon No. 10N1179 _____ ,.. __ _ 

Page 14 of26 

Print Qate: Sep 28 <!010 8:35AM 

-3,. -4- -7- -8- -9- -10- -11- -12- -13- -14- -15- -17- -18-

X-Ray ThennaJ 0plical EGME Inter 

Tot Re Grain Count Retn preta 

7Bta2 1ion 

Layer (cm) Horz ion ( - - • - - - - -peak size - - - - - - - - - ) (· - - - - - - - % -- - - - - - - - -) (- - - - - - - - - - - - - - - - - - - • % - - • - - - - - - - - - - - - - • -) mgg•1 

10N05741 94-114 BE 

10N'05742 114-142 E&Bt1 

FRACTION INTERPRETATION: 

rs - Fine Sand, 0.1-0.2.5 mm 

MINERAL INTERPRHATIOlil: 

AR • Weatherable Aggregates 

FP - Plagloclase Feldspat 

QZ- Quartz 

INTERPRETATION (BY HORIZON): 

SMtX - Mixed Sand 

fs 

fs 

BT - Blotfte 

GN -Gamet 

TM - Tou"11aline 

CD - Chert (Chalcedony 

HN • Hornblende 

n QZ70 FK 16 

ARi a, 1 

79 QZ70 Fl< 11 

AR1 BT 1 

FE - Iron Oxides (Goethite 

OP - Opaque!i 

OP4 

CD 1 

HN<I 

CD 1 

FE 2 HN 2 PR2 

FP 1 GN tr 

OP4 ,FE3 PRG 

FP1 GN 1 TM tr 

FK - Potassium Feldspar 

PR - Pyroxl;!oe 

SMIX 

SMIX 
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Board 3385 141478 Batch 26418 

10 20 30 

2-Theta - Scale 
File '41478AAAW-Crea~on·911Sl2010 Fa 1414i8CRAW - C·aaton 91•512c10 File 141478A.RAW-Creation:Q/15/2010 OIF - C2010USWl114_10N05727_8s2-1 
Fue '414 1>8 RAW CreaJon: 911Y.1010 F•e '.414780 RAW · C-eaLon 9/"512010 Fa.le 1414786 RAW• C.-eanon 911SJ2010 
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Board 3385 
2000 

141480 Batch 26418 
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100 

0 
2 10 20 30 

2-Theta - Scale 
F11e· 1,;·430A RAW- Crealmn Q/IS.'2010 File 1.01◄80C RAW · Cr->..allon S/15.20'0 File· 1.01◄80A. RAW• Crea:lon 9/15,'2010 DIF -C2010USW1114_101\05729_8w • 1 
File: 1◄'4808.RAW Crea:i:>r Q/1S.'2(1•0 File 1.01"80D RAW • Creab:>:t 9/15!20'0 F,le 1.01.0808 RAW • Crea,on 9/15,2010 
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Board 3385 141484 Batch 26418 

2-Theta - Scale 
FI:e 141484A RAW- Creation 9/15l2010 Fie 14"43AC RAW • C~atlOll H15/2010 File: 141484A.RAW- Creauon: 9/15/2010 DIF • C2010USWI114_10N05733_C • 141 
Fie •<11484SRAW-Craabon !i/15'2010 FJ1e 1.o!',(8'(D R,AW - Crwa:,on 5/1512010 file. 14'<48':BRA\"I-C,.,.,,!;in9/1S.'20'0 
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Board 3385 141485 Batch 26418 

10 20 

2-Theta - Scale 
File 141485A RAW• Crea1,on 9/lS/2010 Fi e· 14•435c RAW-Creot1on g/1512010 File: 1'1485A.RAW • Creation: 9115/2010 OIF • C2010USW1114_10N05734_Bt part 
F1 1414856 RAVv Crealo!'t 9115'2010 F1J!'. 14•4350 RAW-Crea~on W1512010 F1Je 141485B.RAW - Creat,on: 9115.'2010 
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2 ,o 20 30 

2-Theta - Scale 
File 141486A RAW- C,eabon 9i15/2)10 File 141466C RAW· Creabon 911512010 File: 141486A.RAW • Creal.on. 9/15/2010 DIF - C2010USWl114_10N05735_E pan· 
Fue 141486B RAW. Creation 9I1S/2)10 File 1414860 RAW. Creauon 911512010 FIie 1414868.RAW . Creat on 911512010 
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Weathor: 

Topo Quad.: ,. ' 
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Page 15 of26 

Pedon lD:S10W1085003 
*""' Primary Characterization Data ,.,. .. 

( Oneida, Wjsoonsin l Ptirit Date: Sep 28 201 O 8:35AM 

Sampled ./!S : 
Revised to: 

SSL - Project C201 0USWl114 Uncoln & Oneida C+o. 
- Site lb 10WI085003 northwest 

United S1ates Department or Agriculture 
Natvral Resour<;es Col\SeNat1on Service 
National Soil SuNeyCenter 

- Peden No. 10N1180 
- General Methods 1B1A, 2A1, 28 

Layer Horizon Or;ig Plw 

10N057'47 P.JE 
10N05748 Bs1 
10NQ574S Bs2 
10N05150 SE 
10N05751 E&Bt 
10NQ5752 BC 
10N05753 E part 
10N05754 61 part 

,.._ __ ........... 
PSOA 6,. Rock.Ftagments 

Depth 

Depth (cm) Field Label 1 

5,Q-20.0 S10WI0850.03-1 
20.0-43.0 .S10WI085003·2 
43.0-66.0 S10WI085003-3 
66.0-81.0 S10W1085003-4 
81 .0-135.0 S10WI085003•5 
135.0-203.0 S10Wl085003-6 
81.0-135.0 S'IOWI085003-7 
81 .0-135.0 S10\1\11085003-8 

-1- - 2- •3- -5-

Soil Survey Laboratory 
Lincoln. Nebraska 68508-3866 

Field Label 2 Flekl Label 3 Field Texture 

·6- -7- -9· -10- ·11· -12· -13- -14• 

Lab Texture 

LS 
LS 
cos 
s 
s 
s 
s 
s 

-16-

(-----Total •• · ···) (--Clay-•-) (·--- Sill ----·J (-·····-····•Sand -· - ·-·· - --,-) {RockFragmenfs. (mm)) 

Clay Silt Sand Fine c03 Fine Coarse VF F M C VC (--------Weight---- ----) 

< .002 . OS < < .002 .02 .05 .10 .25 .5 1 2 5 20 .1-
.00Z -.05 -2 .0002 . 002 -.02 -.05 -.10 -.25 -.50 -1 -2 -5 -20 .75 75 

u.wer (cm) Horz. Prep (· - •·- - --- • -- -··· -· --- • -· - -% of <2mm Mineral Soil---· - - - -- - • ., - - ·- - - ------~~-) (· --- •--%of <75mm - - - - - · ) 
3A1a1a '3A1a1a 3A1a1a 3A1a1c1,3A1a1a 3A1a1a 3A1a1a 3A1a1a 

10N05747 5-20 P.JE 5 5.2 16,7 78.1 1.6 10 .. 4 6.3 2.4 1-5.5 43.8 14,3 2.1 1 1 76 
10N05748 20-43 Bs1 s 4.2 14.5 81.3 0.4 8.0 6.5 3.2 17,6 43.7 13.9 2.9 3 3 79 
10N05i'49 43.-66 8s2 s 
10N05750 66-81 BE s 
10N05751 81-135 E&Bt s 

4.4 52 90A 0.8 2,8 2A 3.5 7.3 47:5 25.2 6.9 5 1 88 
1.3 4.5 94.2 0.8 2.6 1.9 3.1 18,8 52.2. 16.9 3.2 3 4 9"2 
0.3 1.1 98.6 1.0 o.· 1.5 20,6 68.'8 7.2 0.5 1 tr 97 

10N05752 135-203 BC s 
10N:05753 81-135 E part s 
10NOS754 81-135 Bl par1 s 

0,4 1.2 98.4 tr 0.9 0,3 1,5 20.8 65..8 9.5 0.8 1 tr 97 
0.5 1.6 97.9 0.9 0.7 6,9 31 ,7 53.2 5.8 0.3 ir 91 
4.8 1.6 93.6 2.6 1.3 0.3 2.7 20.5 54.6 14.2 1.6 1 tr 91 

-17-

>2mm 

wt% 
Whole 
soi! 

2 
6 
6 
7 
1 
1 
'Ir 
1 
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Peden ID: S10WI085003 

Sampled As 

••· Primary Chciracterizatiop Data ""'-* 
( Orn:ida County, Wisconsin) 

Page 16 of26 

Print Date: Sep 28 2010 8:a!>AM 

USDA-NRCS-NSSC•Naliortal Sojl Survey Laboratory PedonNo. 10N1180 

Bulk Density & Moisture 

Layer 

10N05747 
10N05748 
10N05749 
10N05750 
10N05751 
10N05752 
10N05753 
10N05754 

Depth 
(cm) 

5-2JJ 
20-43 
43-66 
66-81 
8H35 
135-203 
81-135 
81-135 

Carbon a Extractions 

Depth 

Layer (cm) 

10N05747 &-:20 
10N05748 2-1)-43 
10N05749 43-66 
10N05750 66-81 
10N05751 81-135 
10N05752 135-203 
101'105753 81-135 
10N05754 81-135 

Hor:z Prep 

A/E s 
Bs1 s 
Bs2 s 
BE s 
E&Bt s 
BC s 
E par1 s 
Bt part s 

Hori, Prep 

A/E s 
Bs1 s 
BS2 s 
BE s 
E&Bt s 
BC s 
E part s 
Bl part s 

_,_ 
-2-

(Bulk Peosity) 
33 011en 
kPa Ory 

(· --g om-3···) 

+ -2-

-3-

Cole 
Whole 
Soll 

-3-, 

(··· • - Tot<II- • ---) 
C N s 

-5- -7- -8- -10- -11- -12- -13-

(--- -- --- - - Water Content - - - - - - - - - - -) 
6 10 33 1500 1500 kPa Ratio 

WRO Aggst 
Whole Slabl (- - Ratios:;lay - -) 

kPa kPa kPa kPa Moist ADiOD Soil 2-0.Smm CEC7 1500 kPa 

{-- ----- -- -~-pct of< 2mm- -- •··· • -- · -) cm3 cm-3 % 
3C2a1a 301 

12.1 Hlf3 2.52 2'.33 
2.4 1.005 0.76 '0,57 
2.1 uos 0.64 10.48 
0.9 1.002 0.92 {).69 
0,7 1.001 Z3l 2:33 
0.4 1.000 1.25 1.00 
0.5 1.001 1.20 1.00 
1.6 1.004 0.69 0.33 

-4- -~ -6-- -1- -8- -9- -10- -11- -12- -13- -14- -15- -16- -17- -18-

Org C/N (· -· Dith-Cit Ext•·-) (· - - - -- Aml'llQnium Oxalate Extraction - - - - -·) (· - - Na Pyro-Ph.osphate - - -) 
C Ratio Fe. Al Mn Al+½Fe OOOE Fe Al Si M.n C Fe Al Mn 

(· - - - - - % of <2 mm -- - - - -) {· - - - - - • -- - - - -- - - - - • - % of..; 2mm - •• - -- - •• - - •• -- • - •) r'ligk9~1 (·····•%0(<2mm-----) 

~H2a 4H2a 4H2a 4G1 4G1 4G1 

3.41 0.17 0.01 20 0.4 0.1 0.1 
0.28 0.04 7 Cl.4 0.1 
°'10 tr 26 0.3 0.1 

O:l tr 
0.10 0.0'7 1 tr 
0.02 tr 6 
0.03 0.01 4 tr 
0.11 O.Q1 14 0.4 0.1 
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Pedon ID: S10WI085003 

Sampled As 

.,.. Primary CharacteJization Data ..... 
( Oneida County, 1/flsconsip. ) 

USOA-NRCS-NS~C-Nati,onal ,so~ Survey Laboratory Pedon No. 10N1180 

CEC & Bases -2- -3- 4- -5· -6- -8- -9- -10-

(-- • • -- NH40AC Extractable Bases - -- - - ) CEC8 CEC7 ECEC 

Sum Ai.id- E.xtr KCI Sum NH4 Bases 

Depth Ca Mg Na K Bases ity Al Mn Cats OAC +Al 

Layer (cm) Horz Prep {·--· -· - •· •· •·· - --.cmol(-+) kg·1 - • --- --- -- • - • - - - • --1 mg)<g-1 (-- • • <;.mol(+) kg·1 • - •) 
481a1a 481a1a 481a1a 481a1a 482b1a1 481a1a 

10N05747 5-20 A/E s ,6.2 1.0 0.2 7.4 '13.2 20.6 ·13.1 
10N05748 20-43 8.s1 s 1,0 0.1 tr 1.1 4-3 S.4 3.2. 
10N05749 43-66 Bs2 s 0.9 0.3 tr 1.2 3.Q 4.2 2.8, 
10N05750 66-81 BE s ,0.4 0.1 tr 0.5 1 .1 1.6 1.2 
10N05751 81-135 E&Bl s 0.1 tr 0.1 0.2 0.3 0.7 
10N05752 135-203 BC s 0.1 tr 0,1 0.9 t o 0.5 
10N05753 IU-135 E part s 0.1 tr 0.1 1.3 t.4 0 .6 
10N05754 81-135 Btpart s LO 0..4 0.1 1.5 2.7 4.i 3.3' .. -
satt -1- -2- -3- -4. .s- -6- -7- -8- .9. -10- -11- -12- -13- -1+ 

Page 17 of26 

Print O_ate: Sep 28 2010 e:3SAM 

-12- -t3-

(- - - · Base • • - •) 

Al (- Sa1uralioo -} 

Sat Sum NH40AC 

(- - - - • - - • % - • - - ••• ·) 

36 56 
20 34 
29, 43 
31 42 
33 14 
10 20 
7 17 
36 45 

-15- -16- -17- -HI- -19- -20-

(· - - • -- • -- • - - - - - - - •·· - - -- - Water Extracted From Saturated Paste- - ------- -· -- --- - - - - - - - -) Pred 
Tolal Elec Elec Ex.ch 

Depth Ca Mg Na K C03 HC03 F Cl P04 Br OAC S04 1110.2 N0 3 H~O Salts Cood Cond Na SAR 

Layer (cm) Horz Prep '(---- -mmol(+) L"1 - - -··) (- - • • - • - - •• - .• - - • - - - • - • • mmol(-) L • 1 • - - ~ - - • • • • - - • - - • - - • •) (· • • • % • --· ·) (· - dS m·1 - · ) % 

10N05747 5-20 A/E s 
10N05748 2..0-43 8s1' s 
10N05749 43-66 Bs2 s 
10NQ5750 66-81 BE s 
10N05751 81-135 E&Bt s 
10N05752 135-203 BC s 
10N05753 81-135 E part s 
10N05754 81-135 Blpart s 
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P..edon ID: S1'0WIQ850Q;3 

Sam~leoAs 

USDA-NRCS-NSSC-National Soil Survey Laboratory 

pH & Carbonates -1-

*** Primary Characterization Data ""* 
1 On_eid~ CounJY, Wisc9nsin) 

Pedon.No. 10N1180 

..6- -7- -10- -11-

(- . -- •••• • •• - • - - · - - pH •.• - - • - - - - • -- - - -- ·) (· - Carbonate - -) '(· •"Gypsl,Jm - - -) 

CaCl2 l'\siC11·Cp3, As Ca.SO 4 •2H2-0 Res/st. 

depth O,QfM HO . 2 S~t <2mrtl <20mm -:2mrn ~Or:nlii otirtis 

Layer (cm) Hor.z Prep KCI 1:2 1: 1 Paste Oxfd NaF (· - • - ·- --- - -- % - • - - - - • - - • ·} cm·1 

4C1a2a 401!:12~ 401a1a1 

10N05'747 5-20 NE. s ·4.8 5.4 a.1 
1!:}N05748 20-43, ~&1 s 4.8 SJ 10.1 
10N0'5749 43-66 Bs2 s ·4.9 5-8 9.,.8 
10N057.50 66-81 BE s 5.i 6;0 9..5 
10N05751 81-1:35" E&B.t s 5.2 6.1 9, 3 
10N0.5752 135-203 BC s 5.4 6.3, 9_0 
10N05753 B1-f3~ E p~" s 5.2 ~.1 ~-~ 
10N0$754 81-135 Btpart s 5.1 M 9.9, 

Phosphorous -1- -2- -3- -4- -5- ,6'. -7- -8- -9- -10-

Melanio N2: A<lid Bray Bray Olsen H~P C itric Mehlich Extr 

Depth Index Qxal '.2 Acl'd Ill N03-

Lay.er (cm) Horz l?rep ·oJ. {··· •• •••• •• •••••••• -- • •mg i,;g·1 • ••••••••• -- · - ---) 
40 8a1 

10.t,105747 5-20 A/E s 2,1 
10N05748, 20-4~ Bs1 s 2i 
1..0Ml5749- 43-qfi B.s2 s 17 
10N057.50 66-81. BE s 10 
10N05151 81-135 E&B't s 8 
10N0.57,52 135-203 BC s 7 
10N05753 81-135 E part s 8 
10~057'54 e1-1:r5 Bt part s 26 

Page. l 8 o-f 26 

Print Qa1~: Sep 28 201!) 8,:351\M 
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Pedbn ID: S10W00850Q3 

.Sampled As 

U~DA-NR.G~-NS~Q-Na.tlonal Soil Survey Labf,r.:il ory 

'Clay Mineralogy (<.002 .mm) -'r-

oe·pttt 

-2- -3- + 
X-R~y 

7.P.1a1 

''"** Primary Gharac'terization Dafa *** 
(· Onei<l<i eount9, Wis:COQSirt) 

Pedoo Nq,. 10N1180 

.,s. -6- -7- -8- .9·. -10-

ThelTT)a,I 

Si02 

Puge I 9 o-f 26 

Print Dil,te: Sep ea 2010' 8:35AM 

-11- -12- -13- •t 4- -16- -17- -18~ 

Elemental EG'ME Inter 

Al20 3 Fe.zO.i, MgO cao K2o Na.20 Retn preta 

Aion 

l,ayer (cm) Horz 

Fraot 

ion 

tciy 

tcly 

tcly 

tc& 

( - - - - - - - - • peak si.2.e - - - - - - - - - - ) l· - - -- -- - · o/. - -·- -- - - - - ,l (- - ---- -- - -- - --- · - · · % - - · - - - · - - · - - - - - - • - - ) 

10N05748 .20-43 B~ 

101\105750 66-81 BE 
10fljp'57 53. 81~135 'E pa.rt 

1bN05754 81-135 Bi part 

FRACTION INTERPRET'ATiON, 

tcty - total Clay, ,;0.002 mm 

Ml~ERA'L 1.NTERP~E.TATJON: 

KK - Kaolinite 

RELATIVE PEAK SIZE: 

VR2 KK 1 

VR2 KK 1 

KK 1 

VR 2 KK 1 

VR - Vermiculite 

SVery Large ll Large 3 Medium 2Small 1 YerY'Small SNo Peaks 

VER10 
VERM 

C.MIX 
VERM 
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Pedon ID: S10W1085003 

Sampled As 

USDA·NRCS•N~C•Natibnal Soil Survey Laboratory 

Sand • Sill Mineralogy (2.0-Q.002 mm) 

Fract 

··2· 

** .. Primary Characterization Data *"'* 
( One1da County, Wisconsin) 

Pedop No. 10N1180 

---~--- -- ...... 
.3- -4. .5- .J. -8- .9- ·10- •. 11. ·12· 

X•Ray Thermaf 

Tot Re 

Page 20 of26 

Print Date; .Sep 28 2010 S;SSAM 

- - --- - -
-13- .14- •15- · 16- ·17- ·18-

Optfcal EGME Inter 

Grain Count Rein preta 

7B1a2 lion 

Layer 

Depth 

(cm} Horz 

Bs1 

~n (··· ····•~eaksize-••······) (·- ······%··········) (· ••• - •• - --- . - ••• •• - • % •• • ' - ••••• - • • - . - - -) mg g·1 

10N05748 20--43 

10N05751 81•135 E&Bt 

10N05753 8'1-135 E part 

FRACTION INTERPRETATION: 

rs • Flne Sand, 0.1-0.25 m.cn 

MINERAL INTERPRETATION; 

AR • Weathera.ble Aggregates ' 

FP • Plagioclase Feldspar 

PR· Pyroxene 

INTERPRETATION (BY HORIZON): 

SMIX • Mixed Sand 

fs 

rs 

fs 

BT - Bjotite 

GN • Gamet 

QZ • Quartz 

CD . Chert (ChaTeedony 

HN • Hornblende 

81 QZ77 FK 14 

1-!N 1 OP 1 

78 QZG&: FK 16 

GN 1 HN 1' 

80 QZ72 FK16 

BT1 OP1 

FE • Iron Oxtde-s (Goelhite 

MS - Muscovite 

FE2 

PR 1 

FEG 

OP 1 

FES 

FP tr 

AR 1 co 1 FP 1 

BTtr GN tr 

AR2 CO2 PR2 

BT tr FPtr MS tr 

CO2 Hill 2 AR 1 

GNtr PR tr 

FK • PoJasslum Feldspar 

OP-Opaques 

SMIX 

SMIX 

SMIX 
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