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Abstract 

Marinette County, Wisconsin is located in the 
northeastern portion of the state in an area that was 
glaciated during the Wisconsinan Stage of the 
Pleistocene. Subsequently the area was covered by 
glacial outwash deposits about 12,000 years ago and 
soil fonning processes were initiated. 

A toposequence description consisting of 
classifying, physical analysis and field description of 
39 soil profiles located in the Mount Tom Quadrangle 
in central Marinette County was completed. The 
majority of soils were classified as Spodosols and 
found to have well developed 0, A, E, Band C 
horizons. The profiles in low marshy areas were 
classified as Entisols (show little soil development 
properties) and Histosols. The Entisols had distinct 0 
and A horizons and a gleyed, light gray C horizon. The 
Histosols had various combinations of Fibric, Hemic 
and Sapric 0 horizons. The results of the physical 
analysis and field description of the soil profiles 
provided some general insight into the parent material 
and soil forming processes occurring in Central 
Marinette County, Wisconsin and allowed soils to be 
classified to the great soil group. 

Introduction 

There are five factors that control regional soil 
development: climate, organisms (biological activity), 
parent material, topography, and time (Jenny, 1941). 
These, over time, combine to form an unconsolidated 
mass of soil that is markedly different both physically 
and chemically from the parent materia l. A 
pronounced layering develops in the weathered mass 
during the transition from decomposing parent 
material to a true soil (Ritter, 1986). 

One of the more important relationships 
developed among the aforementioned parameters is 
that between topography and climate. More precisely, 
the relationship is better developed between 
topography and localized microclimates. Microclimate 
is the climatic structure that exists close to the Earth's 
surface and is affected by the character of surface 
materials (Rates and Jackson, 1987). Topography 
affects microclimate because changes in topography 

result in changes in the amount of sunlight the land 
surface recei ves. This is related to the directional 
orientation of the topographic features, with slope 
orientation directly influencing air and soil 
tempera ture. 

Slope, a component of topography, affects the 
way that water moves over and through the soil zone. 
The introduction of meteoric and groundwater into the 
soil zone aids in the breakdown and decomposition of 
parent material by chemical weathering. The most 
common reactions are oxidation and reduction, 
solution, hydrolosis and ion exchange. 

Soil Catena 

The relationship between topography and soil 
development can be demonstrated by a soil catena 
which consists of a group of soil profiles whose 
characteristics vary beneath a slope (Ritter, 1986). These 
differences occur because of variations in soil forming 
factors which are affected by different processes acting 
on various portions of the slope. Slope angle 
(steepness) somewhat affects the geomorphic processes 
which act upon slope materials. Generally, material on 
steeper slopes are coarse grained because greater 
overland and throughflow velocities resulting from 
slope angle transport finer material out of the area. 
These coarse sediments are more freely drained than 
finer material. Lower-angle slopes and flat-area soils 
are higher in moisture content because gravity 
drainage is less than on steep slo.pes. Midslope soils lie 
on a transition zone between upper and lower slope 
characteristics (Ritter, 1986). Therefore, a soil catena is 
the result of the interaction between soil and slope 
processes that are fundamentally rooted in the 
framework of landscape topography. Hence, a catena 
is equivalent to a toposequence of soil characteristics. 

Research Problem 

The link that exists among topographically 
influenced microclimates and soil genesis, morphology 
and classification was studied, for example by Cooper 
(1960), Lutz and Chandler (1946), and Jenny (1941). 
The basic premise of their research was to study a soil 
catena and to quantify and interpret catena profile 
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changes. Similarly, the focus of my research is to 
attempt to account for some of the physical changes 
that occurred through time that produced the present 
soil characteristics found in central Marinette County, 
Wisconsin, and to classify study area soils to the great 
soil group. 

Study Area 

A soil catena was studied on various hillslopes 
in Marinette County, Wisconsin. The study area is 
located on a 45 hectare fann in the central part of the 
county in the Mount Tom topographic quadrangle at 
township 33 N, range 20 E, section 17, approximately 
13 krn northwest of Crivitz, Wisconsin (figure 1). The 
study was conducted on hillslopes that had a mean 
altitude of about 225 meters and a local relief of 9.0 
meters (figure 2). The soil profiles designated as EW 10 
and 8 are described later in this report as representative 
examples of Spodosol and Entisol soil types. 

The generalized soil region of the area is the 
Northern and Eastern Loamy Reddish Drift Uplands 
and Plains (Hole, 1968). Specifically, the study areas 
topography is dominated by low, broad swampy area 
that contain peaty or mucky soils and hillslopes made 
up of Spodosols that are generally dark or reddish 
brown and have acummulated proportions of iron and 
organic matter, but not clay. The soil associations on 
the hiIlslopes consisted of Menahga Sand and in the 
low marshy areas Seelyeville and Marky Mucks (figure 
3). 

Soil Formation Parameters 

Each of the five factors mentioned in the 
introduction that affect regional soil development is 
addressed separately to point out its role in the soil 
formation process in the study area. 

Climate 

Climate affects soil directly through 
temperature and rainfal} The mean air temperature for 
northeast Wisconsin is -d.8 degrees C in January and 
21 degrees C in July. Mean annual rainfall is about 76 
cm, with an average seasonal snowfall of 127 cm (Hole, 
1976). Although the climate of Wisconsin is classified 
as temperate, it is rather severe with rapid and marked 
changes in weather (Hole, 1976). The severity of winter 
in the northern part of the state, compared to the 
southern part, induced development of a transition 
boundary for two soil-climatic regions because 
northern soils are colder and / or frozen for a longer 
period during the year. An S-shaped transition 
boundary (see figure 1) approximately divides the 
State in half. South of the transition boundary Mesic 
soils are found that are characterized by a mean annual 

soil temperature at a depth of 50.8 cm between 8.3 
degrees C and 15 degrees C. The northern part of the 
state is in the cooler Frigid soil climatic region that is 
characterized by mean annual soil temperatures at a 
depth of 50.8 cm of less than 8.3 degrees C. Soil 
characteristics and rates of formation differ in the two 
regions because during the longer northern winter 
(compared to that south of the transition boundary) 
soil formation essentially ceases. 

Microclimate is also important in soil 
development. Overall, climate is generally cooler on 
north facing slopes when compared to south facing 
slopes. 

OrganiSms 

Organisms which contribute to soil formation 
are of three general types (1) large plants, (2) tiny 
plants (microbes), and (3) animals (Huddleson and 
Kling, 1984). The major influences of plants on soils are 
stabilization and protection against water and wind 
erosion, and development of characteristic layers 
(horizons) that are enriched in organic matter (Hole, 
1976). But large plants not only stabilize soils against 
wind and water, they also help break rocks apart and 
mix soil particles. This process provides avenues for 
water and air movement through the soil, with above
ground plant decay adding organic matter to the soil. 

Microscopic organisms are important in soil 
development because they are the primary 
decomposers that change raw plant material into 
humus, a substance formed by the decomposition of 
organic material. Soil animals, including burrowing 
animals (gophers, moles etc.), earthworms, insects, and 
nematodes serve to mix the soil, sometimes carrying 
raw plant material down into the soil where microbes 
change the plant material into humus. 

The original forest cover in the study area was 
the northern Mesic Forest group which consisted 
primarily of maple, hemlock, and yellow birch. 
Adjacent to this were pine barrens of jack pine, and 
prairie grasses, and pine forest of white and red pines 
(Hole, 1976). Past forest fires have burned the area 
enough to suppress or eliminate original forest growth. 
The burning of the forest created conditions locally 
favorable for braken fern-sedge meadows which were 
an important factor in the accumulation of organiC 
matter. This was followed by the growth of savanna 
type vegetation which caused the quick incorporation 
of organic matter into the soil (Hole, 1976). 

Presently the forest growth in the area is 
categorized as a mixed northern forest composed 
mainly of oaks, poplar, pines and hemlock. I expect 
that, because of the aforementioned vegetation history, 
the organic layer (the 0 horizon) is of limited extent 
(less than15 cm) except in the low marshy areas. Also a 
portion of the study area was plowed and pine trees 
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Slu.dy Area Location o 0.5 km 

.Mount Tom, Wisconsin Quadrangle 
Contour Interval 10 tt. 

Township 33N -:::3 m 

Range 20 E 

Section 17 

o Sampling Site EW 10, g, 8 Source: United States Geologic Survey, 1972 

Figure 2 - The topography of the study area. 
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Sd - Seelye~ille and Markey Mucks 

o 0.5 kmMhB - Menahga Sand, 0 to 6 % Slope 

MbC - Menah9a Sand, 6 to 15 % Slope 

Source: U.S. DepL of Agriculture, 1979 

Figure 3 - The soli associations In the study area. 



Based on Soil Survey Staff (1975), the first three soil 
classification categories are: (l) Soil order, the most 
general category, (2) Suborders found within soil order 
differentiated largely on differences in soil properties 
and horizons resulting from soil temperature and 
moisture differences, and (3) Great Soil Groups, 
subdivisions of suborders with 185 great groups found 
in the United States. 

The soils which are found in the study area fall 
into three soil orders and subsequent suborders and 
great soil groups. The predominant soil order in the 
study area is Spodosol. These soils are found in all 
locations except the low marshy areas. The 
classification of the Spodosols is as follows: 

Soil Order: Spodoso)- These are soils with 
accumulations of amorphous materials in subsurface 
horizons. They have moderately to strongly acid sandy 
profiles with an ashy upper horizon (E horizon) over a 
sandy dark brown B horizon over yellowish subsoils 
(Donahue and Others, 1977). The feature most common 
to Spodosols is the presence of a spodic horizon in 
which mixtures of amporphous organic material and 
aluminum, with or without iron, have accumulated 
(Soil Survey Staff, 1975). 

Sub Order: Orthod- Which are characterized 
by the accumulation of iron, aluminum, and organic 
matter in the B horizon and are indicative of gently to 
moderately sloping woodland areas. They are noted to 
form in coarse, acid, Pleistocene or Holocene deposits 
under a forest vegetation that consists of conifers or 
hardwood trees, with conifers generally dominant. 

Great Group: Haplorthod- Which are freely 
drained Orthods that have an albic horizon from which 
clay and free oxygen are removed so that color is 
determined by sand particles and not their coating. 
Below this leached horizon (E) is a spodic B horizon 
characterized by illuvial accumulation of black or 
reddish amorphous materials that consists of iron, 
aluminum, and organic matter. These soils are 
generally moist or wet and have a loamy or sandy 
texture. 

The following soil pits are designated as being 
Spodosols (see figure A): 1) along the east-west transect 
pits EW 1, 2, 3, 4, 5, 9, 10, 11, and 12; 2) along the 
north-south transect pits NS 1, 2, 3, 4, 5, 6, 7, 8, and 9, 
and 3) along the east-west"A" horizon transect pits 3, 
4,8,9, 10, 11, 15, and 16. 

The predominant soil order found in the low 
marshy areas are Entisols. The classification of these 
soils is as follows: 

Soil Order: Entisol- Soils that are poorly 
developed and are identified by the absence of 
naturally developed soil horizons, although they can 
have a Histic Epipedon (a diagnostic term used for an 
Entisol that has an A or 0 horizon that consists of peat 
or muck). Entisols are commonly found in marshy 
areas, on steep slopes and on floodplains or glacial 
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outwash plains. 
Suborder: Aquent- Which are wet entisols that 

are bluish-gray in color and mottled. They commonly 
are found in marshes, deltas on the margin of lakes 
where the soil is continuously saturated with water 
and in floodplains of streams where the soil becomes 
saturated several times per year. Most Aquents are 
found in recent sediments and may have any 
vegetation that tolerates permanent or periodic 
wetness. 

Great Group: Psammaquent- These are 
Aquents that have a sandy texture, are gray colored, 
and are mottled (have spots of one color in a different 
color matrix) which is an indication of seasonal 
wetness. The water table in Psammaquents is noted to 
be at or near the surface for long periods of time. Most 
of these soils are formed in late-Pleistocene to recent 
sediments. 

Along the East-West transect pits EW 7, 8, 13 
and 14 are classified as Entisols. Along the north-south 
transect no Entisols were found and along the east
west A horizon transect pits 1, 2, 6, 7, 12, and 13 are 
classified as Entisols. 

Also found in the low marshy areas are 
organic soils classified as Histosols. The classification 
of these Histosols is as follows: 

Soil Order: Histosol- Is an organic soil that is at 
least half organic matter in its upper 80 em. Histosols 
are more commonly called bogs, moors or peats and 
mucks. Most Histosols are saturated or nearly 
saturated with water most of the year. Histosols are 
made entirely of 0 horizons which are designated as (1) 
Fibric- made of plant remains which have yet to 
decompose entirely, (2) Hemic- are histosols where 
organic material has decomposed enough so that 2/3 
of the organic matter has been destroyed, and (3) 
Sapric- which are composed of organic material which 
is almost completely decomposed. 

Suborder: Hemist- which are Histosols that are 
dominated by Hemic 0 horizons in which about 2/3 of 
the organic matter present has decomposed. Although 
the Histosols found in the study area are classified in 
the suborder Hemist, Fibric and Sapric 0 horizons also 
exist, but Hemic 0 horizons predominate. 

Great Group: Borohemist- which are Hemists 
that have a Frigid soil temperature regime, but do not 
have frost within the control section about two months 
after the Summer Solstice but have frost deeper than 
five cm in the soil in the winter (Soil Survey Staff, 
1975). 

Soils classified as Histosols are located along 
the east-west transect in pit EW 6. Along the north
sou th transect no soils were classified as Histosols and 
along the east-west"A" horizon transect pits 5 and 14 
are classified as Histsols. 
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Figure 5 - (A) Pit EW 10 - a typical Spodosol found In the study area, 
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Soil Profile Descriptions 

The soil profiles that are classified as 
Spodosols have as many as five horizons (figure Sa). 
Soil pit EW 10 was used as an example of a typical 
Spodosol found in the study area and consisted of (I) 
an 0 horizon which in forest soils is normaUy an 
accumulation of leaves and twigs, (2) A horizon which 
is a dark colored horiron that is composed of mineral 
soil (from parent material) and organic matter (from 
the 0 horiron), (3) E horizon which is generally light 
gray in color and is found beneath the 0 and A 
horizons (E horizon soils exhibit this light gray color 
because nearly all the iron, aluminum and organic 
matter that coated the soil particles has been removed 
by intense leaching). The E horizon is the ultimate 
form of podsolization. (4) A reddish-brown B horizon 
which is the subsoil layer that is changed most because 
of soil forming processes. This horizon has high 
concentrations of iron and aluminum because of 
sesquioxides which are translocated from upper 
horizons. Hence, the B horiwn is further classified as 
Bs (spodic contains translocated sesquioxides and 
organics). The translocated iron coats the soil particles 
resulting in the distinctive red color. This horizon also 
has lamella (streaks of dark and light color) resulting 
from varying concentrations of iron in the horizon. (5) 
The C horizon is composed of weathered material 
below the A and B horizons bu t has not been changed 
by soil forming processes. It is composed of parent 
material (outwash) that is compacted, and is not 
affected by infiltration or the leaching of sesquioxides, 
although there may be traces of translocated iron and 
aluminum in the upper C horizon. 

It was noted that along the north-south 
transect that the A horizons in pits 1, 2, 3, 4, and S were 
disturbed by plowing and subsequent planting of pine 
trees, hence these A horizons are classified as Ap. It 
was further noted that in these disturbed soils an albic 
horizon was absent. 

The majority of soils in the low marshy areas 
were classified as Entisols (no well-developed 
horizons) with a well defined Histic Epipedon caused 
by seasonal saturation, hence little oxidation has taken 
place and organic matter has decomposed at a slower 
rate (figure Sb). Soil pit EW 8 was used as a typical 
example of an Entisol with a Histic Epipedon found in 
the study area. The Histic Epipedon is made up of 
organic material that is not thick enough (greater than 
40 cm) to be classified as a Histosol. This Histic 
Epipedon comprises the 0 and A horizons and 
mottling occurs at the base of the A horizon due to 
seasonal fluctuations in the water table. During wet 
periods soil pores are full of water. Without air the iron 
oxide coating is removed and a gray color develops. 
When the water table drops during dry periods, 

oxygen enters the soil and iron particles change color 
with air contact and coat soil particles. The result is a 
yellowish-brown mottle surrounded by a gray soil. 
This gray soil is the C horizon which can be further 
classified as Cg (gleyed). Gleyed soils are wet for long 
periods of time thus chemically reduced iron results in 
the gray color. The B horizon is absent because 
saturation prohibits segregation of the soils into layers. 

The remainder of the soils located in the low 
marshy areas are classified as Histosols. These soils 
have 0 horizons thicker than 40 cm and are thus 
classified as Histosols rather than Entisols with a Histic 
Epipedon. The Histosols were generally located in the 
center of the low marshy areas which corresponds with 
topographic lows in the swamps and thus corresponds 
with sites where the water table is at or just below the 
surface for the longest periods of time. The 0 horizons 
of these Histosols are further classified as Oi- Fibric 
(made up of plant material that has yet to decompose), 
Oe- Hemic (Histosols in which at least two-thirds of 
the organic matter has decomposed), and Oa- Sapric 
(Histosols in which nearly aU the organic matter has 
decomposed). 

Summaty and Conclusions 

The description and classification of the soil 
profiles conducted in this study represent a portion of 
the results of a larger project that encompassed the 
physical, chemical and statistical analysis of soil 
samples collected from the 39 soil pits excavated 
during this project. 

Study area soils generally have thin organic 
horizons (0 and A), generally less than 15 cm thick. 
The exception to this are soils that are classified as 
Entisols with Histic Epipedons and Histosols. But the 
predominant soils are Spodosols with thin organic 
horizons underlain by a distinct bleached E horizon 
that is the resul t of the intense leaching of iron, 
aluminum and organics from the horizon. Below the E 
horizon is a reddish Bs (spodic) horizon which is 
common in Spodosols. The Bs horiron is the recipient 
of translocated iron from upper horizons which coats 
the soil particles giving it a red or brown color. Located 
below the Bs horizon is a C horizon that has little 
physical evidence (coloring from translocated iron) of 
soH forming processes. 

The soils which are classified as Entisols or 
Histosols are located in low marshy areas and have 
d ifferent soil characteristics than soils classified as 
Spodosols. Entisols are soils that are seasonally 
saturated (A horizon) or permanently saturated (C 
horizon) thus affecting soil formation processes. 
OrganiC matter (0 and A horizons) is thicker in these 
sons because the horizons' oxidation is reduced and 
decomposition of organiC matter occurs at a slower 
rate. Below the 0 and A horizons is a gleyed C horizon 
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that has no evidence of soil forming processes, hence 
these soils are classified as Entisols. 

In the soils classified as Histosols a series of 0 
horizons (fibric, hemic and sapric) were encountered 
that were thick enough (greater than 40 cm) to be 
classified as Histosols (thick organic soils). These thick 
o horizons are the result of permanent saturation by 
groundwater and thus slower decomposition rates. 

Overall, the soils in the study area appear to be 
most affected by 1) vegetation type in the vicinity of the 
soil pit, 2) topographic position 3) hillslope orientation, 
and 4) depth to the water table. It is these factors that 
combine to impart the greatest influence on soil 
formation in the glacial outwash sediments in Central 
Marinette County, Wisconsin with depth to the water 
table imparting the greatest influence in terms of the 
classification of study area soils to soil order, suborder 
and great group. 
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