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ON THE COVER: Cedarr Crreek Nat
urral 

the 

been the site OJf severral rre
searrch studies. Both fliorra aJ1111d fauna 
arre studied at the 2,300 ha site located 
30 miles north of the Twin Cities. This 
rrepmt is designed to help rresearrcherrs 
l.mderrstand the arrea's soils and to prro
vide detailed information to soil scien
tists. 

LEFT: Cedarr lake is the site of 
Lindeman's pioneering st1U1dies of the 
trrophic-dynamic aspect of ecosystems. 

LEFT: Herre is a typical site at the 
Cedar Crreek Naturral History Arrea. An 
old field dominated by little biuestem 
(Andrnpogon scoparius) is being in
" aded by forest vegetation. 

LE FT: These are seed heads of big 
bluestem (Andrnpogon gerrardii ), a 
common grass in the savannas of Cedar 
Creek Natural History Area. 

-2-



RIGHT: This oak savanna is main
tained by periodic burning. 

RIGHT: This is Cedar Creek, flowing 
through the Cedar Creek Natural His
tory Area. 

RIGHT: Four of the authors-left to 
right, D.V. Wroblewski, L.M. Chamber
lain, E.R. Gross, and D.f. Grigal-sam
ple soils for the soil survey of the Ce
dar Creek Natural History Area. (Pho
to is courtesy of USDA Soil Conserva
tion Service.) 
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Soils f he edar Creek Natural History rea 

By D. F. Grigal, L.M. Chamberlain, H. R. Finney, D.V. Wroblewski, and E.R. Gross* 

I. Introduction ------
The Cedar Creek Natural History 

Area (CCNHA) was formally estab
lished Dec. 11, 1942, through an a
greement between the University of 
Minnesota and the Minnesota Acad
emy of Science (Wilcox, 1950). 
Land holdings have increased since 
then through donations and grants 
from private foundations, from the 
university, from the State of Min
nesota, and from the federal govern
ment. The area lies in northern Anoka 
and southern Isanti Counties (about 
latitude 450 35'N, longitude 930 
lO'W). It encompasses approx-

*D. F. Grigal, Department of Soil Sci
ence and College of Forestry, Minnesota 
Agricultural Experiment Station; L. M. 
Chamberlain, Soil Conservation Service, 
USDA; H. R. Finney, Soil Conservation 
Service, USDA; D. V. Wroblewski, Soil 
Conservation Service, USDA; E. R. Gross, 
formerly of Department of Soil Science, 
Minnesota Agricultural Experiment 
Station. 

imately 2,300 ha and contains a lab
oratory and adjacent service build
ings. 

In August, 1972, a work plan for 
a soil survey of CCNHA and adjacent 
areas was signed by representatives of 
the Minnesota Agricultural Experiment 
Station; the USDA Soil Conservation 
Service; and the Field Biology Program, 
College of Biological Sciences, Univer
sity of Minnesota. The fieldwork and 
report were completed by the Minne
sota Agricultural Experiment Station 
and the Soil Conservation Service. 
Partial funding came from the Field 
Biology Program. 

This report is designed to help 
research workers understand CCNHA 
soils and make use of soil information 
and to provide CCNHA soils infor
mation to soil scientists. 

The report has three major parts. 
First, some general features of the 
Anoka Sand Plain are considered. This 
is a large physiographic unit which in
cludes CCNHA. In addition to a dis
cussion of the physiography and glacial 
history of the Sand Plain with empha-

-5-

sis on the area near CCNHA, the cli
mate and vegetation are also discussed 
(emphasizing CCNHA as representa
tive of the Anoka Sand Plain). 

This is followed by a general soil map 
and descriptions of the soil associations 
in the Anoka Sand Plain and adjacent 
areas. 

Second, a brief overview of CCNHA 
soils is presented. The area's major 
soil series are briefly described. These 
descriptions are followed by a discus
sion of soil formation, by a description 
of the area's soil associations, and by 
a general soil map. 

Third, a more detailed view of CCNHA 
soils is considered. Both field and labor
atory investigation procedures are out
lined. Descriptions and analytical results 
of nine major soil pedons sampled on 
CCNHA are presented. Their results 
are interpreted and discussed. The clas
sification of the soils is introduced. 
These are followed by a detailed CCNHA 
soil map and a description of the map
ping units, including a table of the extent 
to which each unit is on the area. A glos
sary is included as an appendix. 



11. Some General Features of the 
Anoka Sand Plain 

CCNHA lies within a large, well
defined physiographic area-the Anoka 
Sand Plain. The sand plain is roughly 
triangular (fig. 1-d) and covers approx
imately 2,200 km 2 (850 square miles) 
(Farnham, 1956). It's located just 
north of Minneapolis-St. Paul. The 
Anoka Sand Plain is bordered on 

sublobe (figure 1). This wasting was 
not through orderly retreat of the ice 
margin, but by stagnation and disinte
gration. Meltwater streams flowed over 
the surface of the wasting ice. The 
outwash sand, of markedly uniform 
texture, was probably sorted before the 
streams left the ice surface. Cushing 
( 1963) considers the formation of the 
sand plain in the CCNHA area to have 
occurred in two distinct stages. 

the southwest by the Mississippi valley 
train; on the southeast by till from 
the Grantsburg sublobe (Des Moines First, water flowed to the northeast, 
lobe); on the north by that same till off the ice which was then covering the 
and , in places, by sediments of Glacial present CCNHA. This formed the Oxford 
Lake Grantsburg; and on the north- outwash plain. Isolated masses of wasting 
east by the St. Croix Valley. ice, buried by the outwash, subsequently 
2.1 Physiography and glacial history melted to form kettles and elongated 

Cooper (1935) developed the most depressions. As the ice to the southwest 
widely accepted theory for the origin of the Oxford outwash plain wasted, 
of the Anoka Sand Plain. Cushing (1963) drainage off the ice shifted to the south-
enlarged upon this explanation for the east over the CCNHA area. This formed 
area near CCNHA. In late Wisconsin the Bethel outwash plain which cut 
time, the area now including the sand across and obscured the headward part 
plain was overridden by the Grants- of the Oxford outwash plain. Here 

This is typical landscape at the Cedar 
Creek Natural History Area. The Zim
merman soil series occurs both in the 
old field in the foreground and in the 
forested background. A bog contain
ing the Rifle soil series is in the center. 

channel ceased, one of the buried 
ice masses melted to form the pre
sent Cedar Creek valley and the basin 
of Cedar Bog Lake (ca. 11,800 
±._ 200 years B.P.) (Cushing, 1963). 

2.2 Climate 

The discussion of the climate and 
vegetation of the Anoka Sand Plain 
will emphasize CCNHA as being repre
sentative of the entire area. CCNHA is 
not an "average" site on the sand plain, 
but it represents the climate and vegeta
tion there. 

A weather station following U.S. 
Weather Service specifications has been 
operating at CCNHA since June 1969. 
The nearest station with a long term re
cord is at Cambridge, about 17 km to 
the north. To describe the area's macro
climate, most of the following weather 
parameters have been interpolated from 
data plotted on a statewide scale in the 
"Climate of Minnesota" series (Baker 
and Strub, 1965; Baker et al., 1967; 
Baker, 1971). burg sublobe. This sublobe, bearing again, masses of ice were buried. They 

cretaceous material from the north- later melted, forming lakes and depres- The mean annual air temperature of 
west, covered a series of subparallel sions. At the conclusion of deposition CCNHA is 6 C. July is the warmest 
drainage ways extending northeast- of this plain, meltwaters were concen- month (average maximum= 29 C, 
southwest. These drainageways were trated in the Isanti outwash channel. mean= 22 C, and average daily mini-
formed by subglacial drainage during . mum= 15.5 C), and January is the 

b This channel trends northwest-southeast Id t th ( d ·1 · the wasting of the Superior lo e, the . . co es mon average ai y max1-
previous ice sheet in the area. Many from Isanti through the headwards portions mum = -5 .5 C, mean = -11.S C, 
of these drainageways contained stag- of Cedar Creek. It separates .the Ox~ord and average daily minimum= -17 C). 
nant ice. from the Bethel outwash plam. Buned The annual precipitation averages 66 

The Anoka Sand Plain was formed ice masses also occurred in this chan- cm. A single "wet" season reaches a 
during the wasting of the Grantsburg nel. After major flow through the maximum in June (11.4 cm) when Gulf 
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Figure 1. Stages in the formation of the Anoka Sand Plain. "E" stands for Elk River morainic area. Reproduced from Cooper, 
1935, Figures 23-24, 26-27. 

a. 

c. d. 
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Maritime air is frequently present. A 
single "dry" season reaches a mini
mum in January (2.2 cm) when Paci
fic and Arctic air masses are dominant. 
Normal snowfall is about 100 cm per 
year. Average annual potential eva po
transpira tion has been estimated to be 
60 cm from empirical calculation (Baker, 
1958) and 76 cm from evaporation pan 
data (Kohler et al., 1959). The annual 
mean daily solar flux is 312 cal/cm2 
-day. A maximum value of 740 cal/ 
cm2 -day could occur on a clear day 
in June. A minimum of 16 cal/cm2 
-day could occur on an overcast day 
in December. 

2.3 Vegetation 

The postglacial vegetation history 
of CCNHA has been elucidated by 

curred. It was probably related to a 
pronounced decrease in precipitation. 
This was associated with a lowered water 
table, increased importance of fire as an 
environmental factor, and increased pre
valence of xeric prairie species and 
Quercus. Much of CCNHA was oc-
cupied by prairie at that time. Since 
then, the return of a more moist cli
mate along with a slow rise in the water 
table has led to an increase of Quercus 
in the prairies. This developed into a 
presettlement situation of Quercus 

with prairie openings - a savanna. 
Mesic hardwoods became established 
on some moister sites, and Betula rein
vaded and increased on the uplands in 
association with Quercus. About 4,150 
B.P., peatlands began to form. 

Cushing (1963) who examined in detail. The area's presettlement vegetation 
the pollen in the sediments of Cedar was much like that of today (Pierce, 
Bog Lake. Pierce (1954) determined, 1954). Floristically, vegetation was 
through interview and land survey re- identical. Quercus occurred on the up-
cords, the area's presettlement vegetation. land and was occasionally interspersed 

The physiographic setting immed- with prairie openings and with a few 
iately following glacial recession was scattered Pinus. Lowland vegetation 
of low relief, wet, and unstable because included Larix, Alnus, and Salix with 
of shifting streams and melting ice masses. Thuja rarely occurring except in Cedar 
Plant communities developed in this en- Creek Bog. The principle difference 
vironment, however. The vegetation between present and presettlement 
pattern shifted with changes in surface vegetation was the open character of 
topography. However, major commun- past vegetation. This open character 
ities were present for about 1,000 to 1,500 was presumably the result of a great-
years following glacial recession. Con- er fire frequency before settlement. 
ifers, dominated by Picea, occupied Settlement began about 1856 (Pierce, 
the more moist sites, perhaps with in- 1954). Since then, logging and agri-
clusions of Fraxinus nigra. Populus bal- cultural activities have resulted in a 
samifera and P. tremuioides occupied mosaic of lowlands and upland forests 
better drained sites, and prairie with similar to those in 1856, interspersed 
Artemisia and Ambrosia species oc- with old fields and cultivated land. 
cupied the best drained sites. 

A presumed warming trend during 
the postglacial time, perhaps accom
panied by· somewhat reduced precip
itation, led to a replacement of the veg
tation described above. First, Betula 
replaced Picea. This was followed by 
continued warming as indicated by 
Pinus on dry sites and mesic hardwoods, 
especially Ulmus, on moist sites. With 
time and increa·se-d temperature (and/ or 
decreased precipitation), the amount of 
xeric forests and prairie increased with 
a rapid shift in the forest from Pinus, 
characteristic of northern xeric forests, 
to Quercus, characteristic of southern 
xeric forest. Hardwoods, such as Frax
inus and Ulmus, remained on moister 
sites. --

About 7,880 B.P. (Cushing, 1963), 
a short term climatic fluctuation oc-

2.4 Soils 
To complete the description of the 

CCNHA setting, major soil associations 
of the Anoka Sand Plain will be consid
ered. A soil association is a landscape 
having a distinctive proportional pattern 
of soils. It normally has one or more 
major soils series and at least one 
minor series. It's named for the major 
series. Also, a soil series may occur in 
more than one association. The loca
tions of the area's soil associations are 
shown on the general soil map at the 
back of this report. The map is an 
abstraction of detailed soil maps of 
the area. Generally, the smallest deline
ation on the map is about 250 ha. If 
more detailed information is needed, 
use the detailed soil surveys of the 
specific area. A brief description of 
each association follows. 
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Soil associations of the Anoka Sand Plain 

(sand plain outwash) 
*Zimmerman-Isantf soil association 

(fine sands) (la) . 
This area is nearly level to undulating. 

It's dominated by outwash that has 
the texture of fine sand. Some steeper 
areas occur next to drainageways and 
by large depressions and lakes. Major 
soils are the Zimmerman and Isanti se
ries. The light-colored Zimmerman 
series is excessively drained and occurs 
on broad, nearly level areas. The dark
colored Isanti series occupies depressed 
areas. It has poor natural drainage 
because of a high water table. 

*Nymore soil association (medium sands) (1 b ). 

This nearly level area is dominated by 
outwash that has the texture of medium 
sand. It is dissected by a few drainage
ways and pitted by some iceblock 
depressions. The major soil is the Ny
more series which is excessively drained, 
dark-colored, and which occurs on the 
broad, nearly level areas. 

*Rifle-Isanti soil association (organic 
soil materials and fine sands) (le) 

This area has large, level bog areas 
dominated by organic soil materials and 
nearly level, low-lying outwash areas 
having the texture of fine sand. In most 
of this area, the water table is at or near 
the surface. The major soils are the 
Rifle and Isanti series. The Rifle series, 
an organic soil, is dominant in the large 
bogs. It's composed mostly of hemic 
(moderately decomposed) soil mater
ials. The dark-colored Isanti series 
consists mostly of fine sand. 
It occurs as islandlike features and 
as narrow rims around the bogs. 

Soil associations of adjacent areas 

*Hubbard soil association (Mississippi 
Valley outwash) (2) 

This nearly level area along the 
Mississippi River is dominated by out
wash that has the texture of coarse 
sand. The dominant soil is the dark
colored, excessively drained Hubbard 
series. 

*Omega-Milaca soil association 
(St. Croix River Valley outwash) (3) 

This level to steep area consists of 
sandy outwash materials and loamy 
glacial till materials. The major soils 
are the Omega and Milaca series. The 
Omega series is a light-colored, exces-

1 Symbols used on general soil map. 



sively drained soil that developed in 
reddish-colored sands. The Milaca 
series is a light-colored, well-drained 
soil developed in reddish, loamy till. 

*Dalbo-Brickton soil association 
(Glacial Lake Grantsburg sediments) ( 4) 

This nearly level area is dominated by 
calcareous, silty, and clayey lacustrine 
sediments. The major soils are the Dal
bo and Brickton series. The light-colored 
Dalbo series is moderately well-drained 
and occurs on nearly level areas. The 
dark-colored Brickton series has poor 
drainage and occupies wet depressions 
and low-lying areas. 

*Hayden-Bluffton soil association 
(Grantsburg sublobe till) (5) 

This undulating to rolling area is 
dominated by loamy, calcareous gla
cial till. The major soils are the Hay
den and Bluffton series. The light
colored Hayden series is well-drained 
and occupies the higher positions. The 
dark-colored Bluffton series occupies 
wet depressions and low-lying areas. 

*Chetek-Emmert soil association 
(Superior lobe outwash) (6). 

This gently undulating to steep 
area is dominated by gravelly, sandy, 

and loamy glacial outwash. The major 
soils are the Chetek and Emmert series. 
The light-colored Chetek series is exces
sively drained. It's formed in a mantle 
of loamy material over sandy and 
gravelly material. The light-colored 
Emmert series is excessively drained and 
is formed in sandy and gravelly mat
erial. 

*Milaca-Ronneby soil association 
(Superior lobe till) (7) 

This level to rolling area is dom
inated by sandy loam glacial till. The 
major soils are the Milaca and Ronneby 
series. The light-colored Milaca series 
is well-drained and occupies the higher 
positions. The moderately dark-colored 
Ronneby series is poorlydrained and 
occupies the lower positions. 

*Brainerd-Prebish soil association 
(Rainy lobe till) (8). 

This area consists of gently sloping 
and level ground moraines dominated 
by brownish sandy loam glacial till. 
Major soils are the Brainerd and Pre
bish series. The light-colored Brain-
erd series is moderately well-drained and 
occupies the sloping areas. The dark 
colored Prebish series is poorlydrained 
and occupies the lower positions. 
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This broad, level landscape is of the 
excessively drained Nymore soil series. 
These soils formed under savanna vege
tation. 

111. Soils of CCNHA 

3.1 Overview 

This section provides an overview 
of soils of the CCNHA survey area. 
First, a brief description of each soil 
series on the area is presented, and some 
interpretations are made. Next, 
soil formation is discussed. Last, soil 
associations are described. 

3.11 Brief descriptions of soil series 

Included in this section is a brief 
description of the morphology of 
each soil series recognized in the 
survey area. In ad4ition, information 
about the setting-of the soil series 
on the landscape, the series' parent 
material and native vegetation, other 
soil series occurring in association 
with it and their differences, and 
fertility and water relationships are 
also presented. These discussions 
only apply to the series as it occurs 
in the survey area. For a detailed 
description of the morphology of 
each series, refer to following sec
tions. The miscellaneous land types 
of alluvial lands, lake beaches, and 
marshes are described in the section 
"Descriptions of mapping units." 

Anoka series 

The Anoka series consists of nearly 
level and gently sloping, somewhat 
excessivelydrained soils that formed 
mostly in sandy outwash sediments. 
These soils have plain or convex 
slopes on broad, nearly level to 
undulating outwash plains. Native 
vegetation was primarily mixed oak 
forest. These soils are moderately 
fertile and moderately permeable. 

In a representative pedon, the 
Al or Ap horizon is dark grayish 
brown, loamy fine sand about 20 cm 
thick. The A2 horizon is dark brown 
and brown, loose, loamy fine sand and 
fine sand about 50 cm thick. The B 
horizon is mostly brown and dark 
brown, friable, weakly cemented, 



The Lino soil series occupies most of the level area in the foreground. The Zimmer
man soil series is in the background. The Isanti soil series occurs in the depression 
at the left center. 

very fine sandy loam about 80 cm 
thick. It is commonly separated into 
several bands with A2 horizons inte
vening. The C horizon, beginning 
at depths of 150 cm, is dark brown 
fine sand. In most years, these soils 
lack a seasonable high water table 
above depths of 1 m. 

The Anoka series is primarily 
associated with th~ Braham, Sartell, 
and Zimmerman series. It has a fine 
sand C horizon, whereas the Braham 
series has a C horizon of loamy gla
cial till. It has more clay and less 
sand in the B horizon than either the 
Sartell or Zimmerman series. 

Since the Anoka series occurs only 
in the fringe of the survey area out
side the boundaries of CCNHA, it 
was not described in detail nor was 
a pedon of it sampled for laboratory 
analysis. 

Braham series 

The Braham series consists of 
gently undulating, well-to somewhat 
excessively drained soils that formed 

in a mantle of sandy outwash over 
loamy till. These soils have. plane or 
convex, short, irregular slopes and occur 
in the uplands. Native vegetation was 
primarily decidous forests. The soils 
are moderately fertile and moderately 
permeable. 

In a representative pedon, the Al 
or Ap horizon is very dark brown, 
loamy fine sand about 20 cm thick. 
The upper part of the B horizon is 
brown, very friable, loamy fine sand 
about 40 cm thick. The lower part 
of the B horizon is dark yellowish 
brown firm sandy clay loam about 20 
cm thick. The C horizon is light olive 
brown, sandy clay loam. In most years, 
these soils lack a seasonable high water 
table above depths of 1 m. 

The Braham series is primarily 
associated with the Anoka and Zimmer
man series. It has a C horizon of loamy 
glacial till, whereas the Anoka and 
Zimmerman series have C horizons of 
fine sand outwash. 

Since the Braham series occurs only 
in the fringe of the survey area outside 
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the boundaries of CCNHA, it was not 
described in detail nor was a pedon of 
it sampled for laboratory analysis. 

Isanti series 

The Isanti series consists of nearly 
level, very poorly drained soils that 
formed in sandy outwash sediments. 

These soils have plane or concave 
slopes and occur in depressions, drain
ageways, and low-lying flats on outwash 
plains. Native vegetation was mostly 
grasses, sedges, and shrubs. The soils 
are moderately fertile and rapidly per
meable. 

In a representative pedon, the A 
horizon is black loamy sand about 
25 cm thick. The B horizon is very dark 
grayish brown and dark grayish brown, 
very friable, fine sand about 43 cm thick. 
The C horizon is mottled olive gray fine sand 
and (medium) sand. Most years. in 
these soils, the water table is at or near 
the surface during a significant period of 
growing season. 

The Isanti series is a member of a 
toposequence together with the Llno, 
Zimmerman, and Sartell series. It is 
wetter, has grayer colors in the B horizon, 
and is on lower-lying landscape po~itions 
than are its topographic associates. 

Lino series 

The Lino series consists of nearly 
level, somewhat poorly drained soils 
that formed in sandy outwash sediments. 
These soils have slightly concave, plane, 
or slightly convex slopes and occur 
on low broad flats on outwash plains. 
Native vegetation was mostly deci-
duous forest. Aspen and oak were 
dominant trees. The soils are low in 
fertility and are rapidly permeable. 

In a representative pedon, the A 
horizon is dark grayish brown fine 
sand about 20 cm thick. The B 
horizon is mottled dark brown, brown 
and pale brown, loose fine sand about 
75 cm thick. The C horizon is mottled 
grayish brown and light brownish 
gray fine sand and (medium) sand. In 
most years, a seasonably high water 
table is in the lower part of the B hori
zon during some parts of the growing 
season. 

The Lino series is a member of a 
toposequence together with the Isanti 
and Zimmerman or Sartell series. It 
occurs on topographic positions that are 
intermediate between the wetter Isanti 
series and the drier Zimmerman and 
Sartell series. 



Lupton series 

The Lupton series consists of nearly 
level, very poorly drained soils that 
formed in thick deposits of organic soil 
materials. These soils have plane or 
slightly concave slopes in bogs. Native 
vegetation was primarily forest; white 
cedar is dominant in most places. These 
soils are moderately fertile and have mod
erately rapid permeability, at least in the 
upper 1 m. 

In a representative pedon, the upper 
130 cm consists mostly of black and 
very dark brown sapric (highly decom
posed) material. The fiber is mostly 
woody. In most years, the water table 
is at or near the surface during most or 
all of the growing season. 

The Lupton series is associated pri
marily with the Rifle and Seelyeville 
series. It consists mostly of sapric 
material, whereas the Rifle series con
sists mostly of hemic material. Its 
fiber is mostly woody, whereas the 
fiber in the Seelyeville series is 
mostly herbaceous. 

Markey series 

The Markey series consists of nearly 
level, ve1y poorly drained soils. These soils 
formed in a 40 to 130 cm thick mantle 
of organic soil material over a buried 
mineral soil in sandy outwash sediments. 
These soils have plane or concave slopes 
in small bogs and along the edges of 
larger bogs. Native vegetation primarily 
was sedges, grasses, cattails and scattered 
alder, willow, and birch. The soils are 
moderately fertile and have moderately 
rapid permeability. 

In a representative pedon, the upper 60 
cm consists mostly of black and very dark 
brown sapric (highly decomposed) material. 
Under this is a very dark gray fine sandy 
loam Al horizon about 13 cm thick, 
and a grayish brown and gray sand and 
fine sand Cg horizon. In most years, 
the water table is at or near the surface 
during most of the growing season. 

The Markey series is associated with 
Rifle and Seelyeville series. It has a 
mineral soil substratum beginning at 
shallower depths than do those soils. 

Since the Markey series is of small 
extent in the survey area, it was not des
scribed in detail nor sampled for labor
atory analysis. 

Nymore series 

The Nymore series consists of nearly 
level to hilly, excessively drained soils 

ABOVE: The Markey soil series, an organic soil with mineral substratum at shallow 
depths, is in the foreground. These soils are separated from the Zimmerman soil 
series in the background by a narrow fringe of the poorly drained Isanti soil series. 

BE LOW: Dune-shaped topography is characteristic of the Sartell soil series. 
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LEFT: Here is a profile of the Isanti soil series. The thick, 
dark-colored A horizon (about 2 feet thick here) and the gray
ish B horizon (to about 3.5 feet) are diagnostic features of this 
poorly drained soil which formed in fine sand outwash. (Scale 
is in feet.) 

RIGHT: This profile shows the Nymore soil series. This soil 
formed in (medium) sand outwash under savanna vegetation. 
Because of the savanna vegetation, the upper 2 feet is darker
colored than other freely drained soils of the Cedar Creek 
Natural History Area. The profile is about 4feet thick. (Photo 
is courtesy of the USDA Soil Conservation Service.) 

FAR RIGHT: The profile of the Sartell soil series shows the 
thin A1 horizon which is about 0.25 feet thick and the weakly 
expressed B horizon which extends to about 3.5 feet. Both 
are diagnostic features of this excessively drained soil which 
formed primarily in aeolian fine sands. (Scale is in feet.) 

LEFT: This is a profile of the Lino soil series. The mottled 
pattern of colors in the B horizon-between depths of 0.5 feet 
and 3 feet-is a diagnostic feature of this somewhat poorly 
drained soil which formed in fine sand outwash. (Scale is in 
feet.) 

RIGHT: Here is a profile of the Soderville soil series. The 
thick B2t horizon of loamy fine sand with a mottled pattern 
of colors is from about 2.5 feet to 4 feet. Such a B2t horizon 
is characteristic of this somewhat poorly drained soil which 
formed in fine sand and loamy fine sand outwash. Two thin
ner B2t horizons-with A12 horizons between them-occur 
here at 4.5 feet and 5.25 feet. (Scale is in feet.) 

FAR RIGHT: This is a profile of the Zimmerman soil series. 
This soil formed on fine sand outwash under forest vegetation. 
Shown here is the plow layer (Ap horizon) from 0 to 0. 75 feet. 
The undulating, finer-textured band (B2t horizon) at about 
2.75 feet shows the strong influence of soil-forming processes. 
The finer-textured bands at 4.75 feet and bel.ow are primarily 
the product of geologic deposition, although soil-forming proc
esses have affected some of their properties. Most of the bands 
have loamy fine sand texture. Other parts of the soil are fine 
sand in texture. (Scale is in feet.) 
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that formed in sandy outwash sediments. 
These soils have plane or convex slopes. 
They occur on broad, smooth flats and 
narrow side slopes adjacent·to drain
ageways and in large depressions on 
outwash plains. Native vegetation was 
savanna of mixed oak and prairie. The 
soils are low in fertility and are rapidly 
permeable. 

In a representative pedon, the A hor
izon is very dark grayish brown and 
dark brown (medium) sand about 86 
cm thick. The B horizon is dark brown, 
yellowish brown, light yellowish brown, 
and very pale brown, loose, fine sand 
and (medium) sand about 48 cm thick. 
The C horizon is very pale brown sand. 
These soils, in most years, lack a sea
sonal high water table above depths of 
1 m. 

The Nymore series is dominant where 
it occurs. It primarily joins areas of 
the Sartell and Zimmerman series. It 
has a thicker, darker-colored A hori-
zon than do those soils. 

Rifle series 

The Rifle series consists of nearly 
level, very poorly drained soils that 
formed in thick deposits of organic soil 
materials. These soils have plane or 
slightly concave slopes occurring pri
marily in the larger bogs. Native vege
tation was sedges, reeds, cattails and a 
few scattered trees such as birch and 
elm. A few areas now have a dense stand 
of tamarack. These soils are moderately 
fertile and have moderately rapid 
permeability. 

In a representative pedon, the upper 
130 cm consists mostly of dark brown 
hemic (moderately decomposed) mat
erial. The fiber is mostly herbaceous. 
In most years, the water table is at or 
near the surface most of the growing 
season. 

The Rifle series is associated with the 
Lupton, Markey, and Seelyeville series. 
It's dominated by hemic materials in 
the upper 130 cm whereas Lupton 
and Seelyeville series are mostly sapric 
in that part. The Markey series has a 
mineral soil substratum beginning less 
than 130 cm deep. 

Sartell series 

The Sartell series consists of undulat
ing to hilly, excessively drained soils that 
formed in sandy outwash and aeolian 
sediments. These soils have convex 
slopes occurring on broad, undulating 

outwash plains and hilly "old" dune
snapea ian<lscapes. Native vegetation 

was inixed oak forest or savanna. The 
soils nave low fertility and are rapidly 
permeable. 

In a representative pedon, the A 
horizon is dark-brown sand about 23 
cm thick. The B horizon is dark brown, 
loose, fine sand about 43 cm thick. 
The C horizon is light yellowish 
brown and very pale brown fine sand 
and (medium) sand. These soils 
usually lack a seasonal high water 
table above depths of 1 m during the 
growing season. 

The Sartell series is a member of a 
toposequence togather with the Isanti, 
Lino, and Zimmerman series. It is on 
higher-lying terrain and is drier than 
the Isanti and Lino series. Its 
moisture regime is similar to the Zimmer
man series, but it lacks or has thinner 
B2t horizons. 

Seelyeville series 

The Seelyeville series consists of 
nearly level, very poorly drained soils 
that formed in thick deposits of or
ganic soil materials. These soils have 
concave or plane slopes occurring 
primarily in smaller and more sloping 
bogs. Native vegetation was sedges, 
reeds, and cattails with few scattered 
shrubs and trees. These soils are moder
ately fertile and have moderately 
rapid permeability. 

In a representative pedon, the 
upper 130 cm consists mostly of 

sapric (highly decomposed) material. 
The remaining fiber is mostly herba
ceous. The water table usually is at 
or near the surface during most of the 
growing season. 

The Seelyeville series is primarily 
associated with the Markey and Rifle 
series. It formed in thicker deposits 
of organic soil material than did the 
Markey series. It has mostly sapric 
material in the upper 130 cm, whereas 
the Rifle series has mostly hemic material 
in that part. 

Soderville series 

The Soderville series consists of 
nearly level, somewhat poorly drained 
soils that formed in sandy outwash sed
iments. These soils have plane or 
slightly convex slopes and occur in small 
drainageways and low broad flats on out
wash plains. Native vegetation was most
ly forest; aspen and oak were dominant. 
The soils are low in fertility and are 
rapidly permeable. 
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In a representative pedon, the Ap 
horizon is dark grayish brown, loamy 
fine sand about 28 cm thick. The A2 
horizon is brown loamy fine sand about 
18 cm thick. The B horizon is mottled, 
dark brown and dark reddish brown, 
stratified, loamy fine sand and very fine 
sandy loam about 150 cm thick. The 
C horizon is mottled dark brown fine 
sand. The seasonably high water table 
is usually in the lower part of the B 
horizon during some part of the grow
ing season. 

The Soderville series is associated with 
the Anoka, Isanti, Lino, and Zimmerman 
series. It is wetter than the Anoka and 
Zimmerman series. Its moisture regime is 
similar to the Lino series, but it has more 
clay in the B horizon than does that 
series. It is less wet than is the Isanti 
series. 

Zimmerman series 

The Zimmerman series consists of 
gently undulating, excessively drained 
soils that formed in sandy outwash sed
iments. These soils have convex slopes 
and occur on broad areas and narrow, 
moderately steep slopes adjacent to 
drainageways and to large depressions on 
outwash plains. Native vegetation was pri
marily mixed oak forest. These soils have 
low fertility and are rapidly permeable. 

In a representative pedon, the A hori
zon is dark grayish brown fine sand about 
18 cm thick. The B2 horizon is mostly 
brown, yellowish brown and pale brown, 
loose, fine sand about 71 cm thick. Be
tween depths of about 90 and 160 cm are 
alternating A2 horizons and thin B2t 
horizons. The B2t horizons are fine 
sand, but they contain more clay than 
do the other parts of the B horizon. 
In most years, these soils lack a sea-
sonal high water table above depths of 1 
m during the growing season. 

The Zimmerman series is a member 
of a toposequence with Isanti, Lino, 
and Sartell series. It occurs on higher 
lying terrain and is drier than the 
Isanti and Lino series. Its moisture 
regime is similar to that of the Sartell 
series, but it has thicker B2t hori
zons than does that series. 

3.12 Soil formation 

Soil is produced by soil-forming 
processes acting on materials depo
sited or accumulated by geologic 
agents throughout time. Soil char
acteristics at any time are determined 



by ( 1) the physical and mineralogical 
composition of the parent material; 
(2) the climate throughout the time 
the parent material has been exposed; 
(3) the plant and animal life on and 
in the soil; ( 4) topography or relief; 
and ( 5) the length of time that the 
latter three factors in combination 
have acted on the parent material. 

Climate and plant and animal life, 
and especially plant life, are active 
factors. They act on the parent mater-
ial that has accumulated from the weather
ing of rocks. They slowly change this 
parent material to a natural body 
that has genetically related horizons 
(soil). The effects of climate and 
plant and animal life are conditioned 
by topography (relief). The parent 
material also affects the soil profile 
that is formed. In extreme cases, 
it determines this almost entirely. 
Finally, time is needed to change parent 
material into a soil profile. The time 
required may be long or short, but some 
time is always required for differ-
entiation of soil horizons. Hundreds to 
thousands of years are required for the 
development of soil horizons. 

Effects of soil-forming factors are 
so closely interrelated that few gener
alizations can be made of any one 
factot's effect unless conditions are 
specified for the others. Many soil 
development processes are unlmown. 
Parent material 

The types of parent material in 
CCHNA are glacial outwash, organic 
soil materials, and alluvium. The dif
ferences in glacial deposits which can 
broadly be called patent material ac
count for some of the differences in 
soils. A discussion of major parent 
materials and their influence on soil 
formation follows. 

*Outwash 

About three-fourths of the soils in 
the study area are formed in glacial 
outwash. This outwash is the fraction 
of glacial till that remains after sorting 
and deposition by moving water. There 
are two somewhat different areas of out
wash deposits. The largest area is char
acterized by outwash sediments of well
sorted fine sand. The Sartell and Zimmer
man series are the major soils that formed 
in this material. The other outwash area 
consists of well-sorted (medium) sand. 
The Nymore series is dominant in this area. 
Quartz is the dominant mineral in all these 
sediments. Significant amounts of more 

weatherable minerals such as those of the 
amphibole, feldspar, and pyroxene 
groups are also present. 

*Organic soil material 

About one-fourth of the soils in 
the study area are formed in organic 
soil materials which have developed under 
waterlogged conditions. The areas of 
organic soil materials are scattered 
throughout CCNHA. The majority of 
them occur in the central and north
central part of the survey area. This 
material formed mostly from the remains 
of rooted plants. The Rifle and Lupton 
series are the main soils formed in this 
material. 

*Alluvium 

These deposits occur adjacent to 
Cedar Creek. Because the deposits are 
relatively recent, the soils show little 
development. Textures of these de-
posits are variable, ranging from fine 
sand and (medium) sand to stratified 
sands and organic soil material. This 
variability reflects periodic flooding 
during which sands are deposited over 
organic soil materials. An example of this 
deposit is alluvial land-frequently flooded
which is mapped along Cedar Creek. 
Climate 

Climate is important in determining 
the vegetation, animals, bacteria, and 
other organisms on and in the soil. 
Precipitation and temperature affect 
the intensity of physical and chemi
cal reactions in the soil profile. The 
effects of climate and vegetation vary 
according to the relief, permeability, 
and time the parent material has 
been in place. 

Plant and animal life 

Plants, animals, bacteria, and other 
organisms are active in soil-forming 
processes. They aid in the break
down of parent materials and in the 
formation and decomposition of or
ganic matter. Vegetation affects soil 
formation by depositing residue in the 
soil and by transferring plant nutrients 
from the subsoil to the surface hori
zon. The plants and animals that live 
on and in the soil are determined by 
climate, parent material, relief, and 
the age of the soil. 

The development of soils in 
CCNHA has been influenced by both 
forest and prairie vegetation. The Al 
horizon of soils formed under forest are 
thinner and lighter-colored than those 
formed under prairie vegetation. The 
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movement of clay and organic material 
downward in the profile is greater 
in soils formed under forest than in 
those formed under prairie. Soils 
formed under forest are noted by a 
light-colored A2 horizon immediate-
ly below the Al horizon. The Zimmer
man, Lino, and Soderville series are 
examples of soils formed under 
forest. The Zimmerman series also 
has small amounts of translocated 
clay in the B horizon. The Nymore 
series, with its thick dark-colored Al 
horizon, is an example of a soil formed 
under prairie vegetation with widely 
scattered trees, or a savanna. 

Topography 

The topography or configuration 
of the land surface is an important 
factor in soil formation. It affects 
both the soil climate and the movement 
of materials. Soils with convex slopes 
generally are losing materials through 
both erosion and downward movement 
of material in and through the profile. 
Such soils are generally freely drained 
and well-aerated. Therefore, they 
have bright-colored B horizons. They 
also warm earlier in the spring than do 
wetter soils. The Sartell, Nymore, and 
Zimmerman series have formed on such 
topographic positions. Concave slopes, 
depressions, and swales generally collect 
both water and sediment from higher
lying terrain. In this area, they commonly 
have a water table at or near the surface 
during parts of the year. They, there
fore, warm later in the spring than do 
freely drained soils. Soils that formed 
in such topographic positions have 
thicker Al horizons with more organic 
matter than do soils on convex slopes. 
This occurs because of the richer envir
onment, additions of material from up
slope, and slower rates of decomposition 
of organic matter in these positions. 
These soils also have B horizons with mostly 
dull grayish colors because of the presence 
of ferrous oxides. The Isanti series is an 
example of a soil that developed in such 
topographic positions. Organic soils form 
in depressions that are saturated with 
water most of the year. Their genesis is 
described in a later section. 

The soils with the most development 
generally have plane or slightly convex 
slopes with low gradients. The soil-forming 
environment is somewhat intermediate 
between that on convex and that on concave 
slopes. The Lino and Soderville series 
are examples of soils on such topographic 
positions. 



A_ white cedar forest grows on the Lupton soil series. The Lupton series consists of highly decomposed organic soil material. 
Fibers are mostly woody. 

Time 

Soil characteristics are also deter-
. mined by the length of time involved in 
the soil-forming process. Age of the soil 
is characterized by changes in the mor
phology (appearance) of the profile. 
Horizon development is initiated as soluble 
materials are leached and organic matter 
begins to accumulate. The soils in 
CCNHA are relatively young compared 
to many soils. A young soil has more 
natural plant nutrients and is common-
ly more fertile than an older soil. A young 
soil inherits many properties directly 
from the parent material, since soil
forming processes have not yet had 
time to greatly alter this material. Profile 
development in CCNHA's sandy 
parent material has proceeded at a faster 
rate than it has in the loamy parent mat
erial of the till plains which occur in 
other areas adjacent to the Anoka Sand 
Plain. 

Organic soils 

Organic soils form in environmen
tal situations where production of 
biomass has exceeded decomposition 
for some time. The development of 
organic soils is favored by saturated or 
nearly saturated conditions having 
low quantities of oxygen and low temp-

eratures. Such environmental conditions 
occur in significant parts of CCNHA. 
It is there that organic soils have formed. 

Organic soils mostly form through 
two processes, namely lake fill and 
swamping. Formation through both 
processes has occurred in CCNHA. In 
the process oflake fill, the site now 
occupied by organic soil was once a 
post-glacial lake. Such lakes gradually 
fill with limnic materials. I Two kinds 
of limnic materials occur in the area: 
coprogenous earth; and marl. Marl, 
where present, generally occurs in the 
lower portion of the limnic sediments. 
The description of the Rifle series 
in section 3.22 is an example of a com
mon stratigraphic sequence of an or
ganic soil overlying limnic materials. The 
formation of peat and of an organic soil 
begins when the lake has filled to the ex
tent that common rooted plants, such as 
reeds and sedges, can invade and survive. 

In swamping, peat forms on a min
eral soil rather than on limnic materials. 
The sequence is as follows. After de
glaciation, mineral terrain is exposed, and 
soil formation begins. An Al horizon 
and a gleyed underlying horizon form. 
With the passing of time, both the organ
ic matter content and the waterholding 

1 Refer to definitions in glossary 
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capacity of the Al horizon increases. 
The climate also becomes more moist, 
and water tables rise. The environment 
becomes suitable for the formation of 
peat. The description of the Seelyeville 
pedon in Section 3 .22 is an example of 
a common stratigraphic sequence of such 
materials. 

Similar kinds of peat can develop 
through both these processes. In the 
survey area, the Markey and Seelyeville 
series have formed mostly through swamp
ing. However, the Lupton and Rifle series 
have formed in some places through swamp
ing and in other places through lake fill. 

3.13 Soil associations 

Four soil associations are recognized 
in the CCNHA survey area (see defini
tion of a soil association in Section 2.4 ). 
The proportional extent of each soil 
series and miscellaneous land type in 
each association is shown in table 1. The 
distribution of soil associations is shown 
on the General Soil Map of CCNHA at 
the back of this report. A description 
of each association follows. 

Nymore association (1)2: This 
association occupies a nearly level 
sandy outwash plain. The Nymore 

2 Symbol used on map. 



Table 1. The proportional extent of each soil series and miscellaneous land type in 
each soil association of the CCNHA survey area. Water is about 5 percent 
of the survey area. 

Soil series or Percent of soil series or miscellaneous land type 
miscellaneous 
land type Soil association 

Ny more Rifle-Lupton Sartell Zimmerman 

Alluvial land -
Anoka -

Braham -
Isanti 4 
Lake beaches -

Lino 4 
Lupton -

Markey 1 
Marsh -

Ny more 87 
Rifle -
Sartell -

Seelyeville -
Soderville -

Zimmerman 2 

Extent of each soil 
association in survey 
area - percent 15 

series is dominant in this association. 
The Isanti, Lino, and Zimmerman 
series are very minor soils. This associ
ation comprises the area that was under 
the greatest influence of prairie 
vegetation during soil formation. 

Rifle-Lupton association (2): This 
association primarily comprises 
the larger bogs. The major soils are 
the Rifle and Lupton series. Minor 
soils are the Isanti, Lino, Seelyeville, 
and Zimmerman series. Some bogs 
are forested, and some have a dominant 
cover of sedges and shrubs. 

Sartell association (3): This asso
ciation generally occupies a broad un
dulating to hilly sandy outwash plain 
that has many dune-shaped features. 
Native vegetation was mostly a mixed 
oak forest. The Sartell series is dominant. 
Minor soils are the Isanti and Lino 
series. 

Zimmerman association ( 4): This 
association mainly occupies a broad 
undulating sandy outwash plain. Native 
vegetation was mostly a mixed oak 
forest. The Zimmerman series is domi
nant. Minor soils are the wetter Lino 
and Rifle series. 

6 - (1 

- - 1 
- - <1 
10 9 2 

1 - <1 
4 6 5 

19 - 2 
3 <1 2 
8 <1 2 

- - 1 
32 <1 6 

- 84 <1 
10 - 2 
- - 2 

7 <1 74 

25 10 45 

3.2 Detailed view 
3.21 Investigation procedures 

3.211 Field 

This survey was conducted to deter
mine CCNHA soils and where they 
are located. Steepness, length and 
shape of slopes, native plants, and 
many soil characteristics were ob
served. Excavations with augers 
and other equipment were made 
to observe soil profiles. Compari-
sons were made among profiles found 
in CCNHA, among those in nearby 
areas, and among those throughout 
the Lake States. Soils were classified 
and named according to nationwide, 
uniform procedures. The soil series 
is the category of classification used 
most in this survey. A legend for 
classifying and naming the soil series 
and mapping units was developed. 
Boundaries of individual mapping units 
were drawn on aerial photographs. 

The individually delineated areas 
shown on the detailed soil map are 
called mapping units. The name of a 
mapping unit is based on the name of 
the dominant series in the unit and 
the dominant texture of the A hori-
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zon (e.g., Isanti loamy fine sand). 
If a series has a wide range in slope, 
two or more slope phases are recog
nized. Zimmerman fine sand, 0 to 6 
percent slopes, and Zimmerman fine 
sand, 6 to 15 percent slopes, are ex
amples. Individual delineations of a 
mapping unit on the detailed map do 
not consist entirely of the named soil 
series or phase. They may contain 
small areas of one or more named or 
unnamed soil series. This occurs be
cause of the complexity of the soil 
pattern and the mapping scale of 
the detailed survey. The soils included 
in a mapping unit are noted in the des
cription of that unit. 

In this survey, there are areas where 
the soils are so variable that they have 
not been classified by series. These 
places are shown on the soil map and 
are described in the survey, but they 
are called miscellaneous land types and 
are given descriptive names. Lal<.e 
beaches, marsh, and alluvial land 
are descriptive names given to miscel
laneous land types in CCNHA. 

After mapping was completed, a 
representative pedon of each major 
soil series was selected and sampled for 
detailed laboratory analysis. Pits were 
dug for the description and sampling 
of the mineral soils. Samples of or
ganic soils both for description and 
laboratory analysis were collected with 
a Macaulay peat auger. Profiles were 
described according to criteria of the 
Soil Survey Manual and supplement 
(Soil Survey Staff, 1951, 1962). Bulk 
samples and samples for the determin
ations of bulk density were collected 
for each horizon. The bulk-density 
sampling procedure is described in the 
next section. In some cultivated soils 
where an uncultivated example was 
within the same mapping unit, samples 
were taken of the uncultivated surface. 
The location of each pedon sampled is 
shown on the detailed soil map ( sym
bol®). 

3.212 Laboratory 

Standard laboratory procedures were 
used to analyze soil samples. This 
facilitated comparison with other soil 
data in the literature. Mineral-soil 
analyses were conducted on air-dry 
material. All material was passed through 
a 2 mm sieve. However, because of the 
uniform size of CCNHA soil particles, 
essentially all material can pass through 
this sieve size. Samples of organic soils 
were stored at about 4 C after being 



collected, and all analyses were conducted 
on moist soil. Drying of organic mater
ial can cause irreversible changes in phy
sical and chemical properties. 

Exchangeable bases (Ca, Mg, K, Na) 
were extracted from the soil with 1 N 
NH40Ac at pH 7 (Chapman, 1965)-. 
Three grams of mineral soil or 0.5 g of 
organic soil were extracted with a total 
of 30 ml of solutio11 in three cycles of 
washing, centrifuging, and decanting. The 
concentrati~n of bases in the resulting 
solution was determined by atomic 
absorption spectroscopy using 1500 ppm 
Sr to reduce ionic interference. In an 
analagous way, the bases were also 
extracted with unbuffered 0.5 ~ SrC12. 
The specific results of those analyses are 
not reported here, although some state
ments will be made in the discussion. 

Exchangeable acidity was determined 
by extracting 3 g of mineral soil or 0.5 
g of organic soil with 30 ml of 1 ~ KCl. 

This was done by washing and cen
trifuging as with the exchangeable 
bases. The extract was titrated with 
0.1 ~ NaOH to neutrality (Yuan, 
1959). 

Total carbon in the samples was deter
mined by dry combustion in a high temp
erature Leco induction furnace (Allison, 
Bollen, and Moodie, 1965). The results 
include both organic and inorganic forms 
of C. The most common inorganic form 
of C in Minnesota soils is CaC03. This 
is not present in the surface of CCNHA 
soils. Total carbon, then, is an index of 
organic matter. The mr)st common fac
tor used in converting from carbon con
tent to organic matter is 1. 724, although 
the ratio of organic carbon to organic 
matter is variable (Broadbent, 1965). 
Mineral content of organic soil samples 
was determined by the dry-ashing method 
of Ball (1964 ). Free CaC03 does occur at 
the base of two of CCHNA organic soils. 
The content of CaC03 was determined 
by treatment with HCl and by measuring 
the C02 evolved (Soil Survey Staff, 1967). 

Total nitrogen was determined by 
micro-Kjeldahl (Bremner, 1965), a wet 
oxidation technique. The ammonium 
produced was determined by the am
monia electrode (Bremner and Tabatabai, 
1972). 

Total P was determined colorimetri
cally by a vanadate-molybdate yellow 
method after digestion with nitric-per
chloric acid (Tandon, Cescas, and Tyner, 
1968). To determine extractable P, 1 g 
of mineral soil or 0.3 g of organic soil 
was extracted for 1 minute in 10 ml of 
0.03 ~ NH4F in 0.025 ~ HC 1 (Olsen 

and Dean, 1965). Phosphorus was deter
mined in this extract colorimetrically by 
a molybdenum-blue reduction. 

Bulk density, or the weight per unit 
volume of soil (including the volume 
of pores), was determined by one of 
three methods. Where soil materials 
cohered well together (e.g., the B2t of 
the Zimmerman series), the clod method 
was used. A coherent mass (clod) was 
coated with saran, the volume was deter
mined by the loss of weight in water, 
and the clod was then dried at 105 C to 
determine oven-d1y weight (Blake, 1965). 
Most of the CCNHA mineral soils are too 
loose to cohere during handling. In these 
cases, the excavation method or the core 
method was used to determine bulk den
sity. In the excavation method, a quan
tity of soil is excavated, the excavation 
is lined with plastic, and the volume of 
the excavation is determined by measur
ing the quantity of water required to 
fill it. The oven-dry weight of the ex
cavated soil material is then determined. 
In the core method, a cylindrical sam
pler of known volume is driven into the 
soil, and the oven-dry weight of the soil 
within the core is determined (Blake, 
1965). The core method, using a Macau
lay peat sampler, was also used on the 
organic soils. 

Hydrogen-ion activity or pH of the 
samples is reported in two ways. In 
both cases, pH of a suspension of 1: 1 
soil and solution (by weight for min
eral samples and by volume for or-
ganic samples) was determined. In 
one case, deionized water and, in the 
other case, 0.01 M CaCl2 (Peech, 1965) 
w~1 s used as the suspending solution. 

The particle siz~~ distribution, or the 
proportion of various size particles, was 
determined by the pipette method (Day, 
1965). This is a sedimentation proce
dure which utilizes pipette sampling at 
controlled depths and times to deter
mine the proportion of particles in size 
classes less than 50µ,. The size-class 
proportions of larger sized particles (i.e., 
sands) are determined by dry sieving. 

In organic soil samples, the propor
tion of fiber in the natural condition 
(unrubbed) and those resistant to break
down (rubbed) was determined by dis
persion with Calgon and sieving (Lynn 
and McKinzie, 1971). The color of a 
sodium pyrophosphate extract of or
ganic samples, as an index of state of 
decomposition, was also determined 
(Lynn and McKinzie, 1971). 

Water retention characteristics were 
determined with a pressure plate appa-
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ratus having ceramic plates with bub
bling pressures greater than 15 bars 
(Richards, 1965). The desorption 
values, beginning at saturation and 
showing water retention at increasing 
suctions, are generally based on sam
ples which were mixed and artificially 
packed. In a few instances, it was 
possible to retain the integrity of soil 
clods and determine their moisture 
retention characteristics. The soils' 
field capacity at the sampling loca
tions was determined by scraping lit
ter off the soil surface, saturating the 
soil with water, covering with plastic, 
and sampling the soil 3 days later 
(Peters, 1965). 

3.22 Detailed descriptions and laboratory 
results. 

Examples of the nine major CCNHA 
soil series were examined in detail. The 
results included a detailed description 
of the exposed soil profile (pedon) and 
laboratory analyses of the sampled 
soils. They are presented in the following 
pages. Each description includes that 
series' range of characteristics on CCNHA. 
Where uncultivated surfaces were sam
pled, the results of their analyses are 
reported at the bottom of the table 
for that series. The sampled series are 
Isanti, Lino, Lupton, Nymore, Rifle, 
Sartell, Seelyeville, Soderville, and 
Zimmerman. 

Isanti series 

A description of a representative 
pedon of the Isanti series with a 0.5 
percent slightly concave slope at an 
elevation of 278 m, located 61 m west 
and 394 m south of the northeast 
corner of Sec. 34, T. 34 N., R. 23 W. 
follows: (Colors are for moist soils 
unless otherwise noted.) 

Al 1 - 0-23 cm-black (N 2/ ) loamy 
sand; weak, fine, subangular bl0cky 
structure; very friable; abrupt, smov~~~ 
boundary. 

A12 - 23-33 cm-black (lOYR 2/1) 
fine sand; weak, fine, angular and 
subangular blocky structure; very 
friable; abrupt, wavy boundary. 

B 1 - 33-48 cm-very dark grayish
brown (2.5Y 3/2) fine sand; mas
sive breaking to medium, angular 
and subangular blocky fragments; 
very friable; clear, wavy boundary. 

B2 - 48-79 cm-dark grayish-brown 
(2.5Y 4/2) fine sand; massive break
ing readily to single grain; loose; 
clear, wavy boundary. 



Cl - 79-97 cm-olive gray (SY S/2) 
fine sand; massive breaking readily 
to single grain; loose; clear, wavy 
boundary. 

C2 - 97-132 cm-olive gray (SY S/2) 
sand; few; medium, faint, gray (lOYR 
S/l), and distinct, yellowish-brown 
(lOYR S/6) mottles; single grain; 
loose; clear, wavy boundary. 

C3 - 132-147 cm-olive gray (SY S/2) 
fine sand; common, coarse, faint, 
gray (lOYR S/l), and distinct, yel
lowish-brown (lOYR S/6) mottles; 
single grain; loose; clear, wavy 
boundary. 

C4 - 147-183 cm-olive gray (SY S/2) 
fine sand; few, medium, distinct, 
light olive brown (2.SY S/6) mot
tles; single grain; loose. 

Range in characteristics. The thick
ness of solum ranges from SO to 100 cm. 
These soils lack coarse fragments above 
depths of 1 m. The solum and C hori
zon to depths of 1 m are dominated by 
fine sand or the finer portion of medium 
sand or both. Eighty-five percent or 
more of the sand in the 2S to 100 cm 
control section is finer than 0.42 mm 

(No. 40 sieve). Some pedons have an 
0 horizon as much as lS cm thick. The 
Al horizon is black (lOYR 2/1, SY 2/1, 
or N 2/ ). Some pedons have a very 
dark-gray (lOYR 3/1, SY 3/1, or N 3/ ) 
A3 horizon as much as l S cm thick. 
Mottles are in the A horizon of some 
pedons. The A horizon typically is 
loamy fine sand, but the range includes 
fine sand, (medium) sand, loamy sand, 
fine sandy loam, and sandy loam, and 
commonly the upper part is mucky. It 
has a granular, subangular blocky or 
platy structure and is either friable or 
very friable. It ranges from slightly to 
very strongly acid. The boundary be
tween A and B 1 horizons typically is 
irregular or wavy. The B horizon has 
lOYR hue, value of 4 or S, and chroma 
of less than l .S; 2.SY or SY hue and 
chroma of 2 or less; or is neutral in 
color and has value of 4 or S. Mottles 
commonly occur in the B horizon, but 

may be lacking in some pedons. In 
some pedons, the B horizon has dis
continuous, nearly horizontal remnants 
as well as involutions of the A horizon 
0.5 to 10 cm thick. These have pre
sumably resulted from frost action. The 
B horizon typically is fine sand, but the 

range includes (medium) sand and loamy 
fine sand or loamy sand in the upper 
part of some pedons. It is massive or 
single grain and is loose or very friable. 
It ranges from slightly to strongly acid. 
The C horizon has hue of lOYR, 2.SY, 
or SY, value of S or 6, and chroma of 
1 or 2. It typically is fine sand, but 
the range includes (medium) sand. Re
action ranges from strongly to slightly 
acid. 

Lino series 

The following is a description of a 
representative pedon of the Lino series 
with a 1 percent concave slope in a 
formerly cultivated field at an elevation 
of 279 m, located S4 m west and 333 
m south of the northest corner of Sec. 
34, T. 34 N., R. 23 W. (Colors are for 
moist soils unless otherwise noted.) 

Ap - 0- 20 cm-dark grayish-brown ( 1 OYR 
4/2), fine sand; weak, fine, and very 
fine, subangular blocky structure; 
very friable; abrupt, smooth boundary. 

B21 - 20-46 cm-dark-brown (lOYR 
4/3), fine sand; common, medium, 
faint, grayish-brown (lOYR S/2), 
distinct, strong brown (7 .SYR S/6), 
and prominent, yellowish-red (SYR 

Table 2. Analytical results for the Isanti pedon, CCNHA. CFC No. 1552. 

Exchangeable Cation 
Cations Acidity Exchange Base p 

Horizon Depth Ca Mg K Na Capacity Saturation c N C/N Total Extractable 

(cm) .... ----.................... ----.. -.... ·----- meq/100 g ------------------------- % % % --------- ppm ---------

A11 0-23 5.9 .8 .1 T .7 7.5 91 8.6 .45 19 1f180 
A12 23-33 1.4 .2 T T 1.2 2.6 54 1.9 .10 20 1,250 30 

B1 33-48 .7 .1 T T .7 1.5 53 1.0 .06 17 200 21 
B2 48-76 .3 .1 .1 T .7 1.2 42 .3 .03 10 130 20 
C1 76-97 .3 .1 T T .5 .9 44 .2 .02 10 170 34 
C2 97-132 .2 .1 .1 T .4 .8 50 .1 .01 10 200 67 
C3 132-147 .3 .1 T T .4 .8 50 320 80 
C4 147-183 .1 T T T .8 .9 11 220 79 

Depth Db pH Particle size distribution (mm) 
H20 CaCl2 ------------------------------------------ sand ------------------------------------------ silt clay 

2-.5 .5-.42 .42-.25 .25-.10 .10-.05 .05-.002 (.002 

(cm) (g/cm3) ---------------------------------------------------------------- % -------------------------------------------------------------------

0-23 0.8 4.9 4.4 4 4 31 34 6 13 8 
23-33 1.2 5.3 4.5 1 24 53 10 6 5 
33-48 1.5 5.4 4.8 2 28 54 8 2 5 
48-76 1.6 5.9 5.0 2 26 55 9 5 
76-97 1.6 5.7 5.0 1 2 27 53 11 5 
97-132 1.6 6.2 5.4 2 4 43 40 6 4 

132-147 1.6 5.8 5.4 2 3 38 50 3 3 
147-183 1.6 5.5 4.9 2 33 57 4 0 3 
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4/6) mottles; single grain; loose; 
clear, wavy boundary. 

B22 - 46-61 cm-brown (lOYR 5/3), 
fine sand; common, large, faint, 
grayish brown (lOYR 5/2), distinct, 
strong brown (7.5YR 5/6), and 
prominent, yellowish-red (5YR 4/6) 
mottles; single grain; loose; clear, 
wavy boundary. 

B3 - 61-94 cm-pale brown (IOYR 6/3), 
fine sand; many, large, distinct and 
prominent, strong brown (7.5YR 5/6), 
yellowish-red (5YR 4/6), and dark-red 
(2.5YR 3/6) mottles; single grain; 
loose; clear, wavy boundary. 

Cl - 94-117 cm-grayish-brown (lOYR 
5/2), fine sand; common, medium, 
faint, yellowish-brown (lOYR 5/6), 
dark-brown (lOYR 4/3), and gray 
(1 OYR 6/1) mottles; single grain; 
loose; clear, wavy boundary. 

C2 - 117-137 cm-light brownish-gray 
(lOYR 6/2), fine sand; common, 

large, faint, yellowish-brown (IOYR son. Typically, the 25 to 100 cm 
5/6), dark-brown (IOYR 4/3), and control section averages a fine sand, 
distinct, strong brown (7.5YR 4/4) but (medium) sand is within the range; 
mottles; single grain; loose; clear, in either situation, the content of 
wavy boundary. coarse and very coarse sand commonly 

C3 _ 137-152 cm-light brownish-gray comprises less than 5 percent of the 
(IOYR 6/2) sand; few, large, dis- sand fraction. The solum ranges from 
tinct, dark-brown (7.5YR 4/4) mot- slightly to strongly acid. Consistence 

ranges from very friable to loose. Pe-
tles; single grain; loose; slightly acid; dons that have not been disturbed have 
clear, wavy boundary. black (lOYR 2/1) or very dark-gray 

C4 - 152-183 cm-grayish-brown (lOYR (IOYR 3/1) Al horizons ranging from 
5/2) sand; few, large, faint, dark-brown 5 to 15 cm in thickness. They have a 
(IOYR 4/3) mottles; single grain; loose. weak, subangular blocky or crumb 

Range in characteristics. Thickness 
of the solum ranges from 76 to 130 
cm. The depth to free carbonates is 
greater than 2 m. The solum and C 
horizon, to a considerable depth, lack 
coarse fragments. In undrained areas, 
the water table commonly is within 
7 5 to 120 cm of the surface during 
the wetter parts of the growing sea-

structure. Some pedons have an A2 
horizon up to 15 cm thick with hue 
of 1 OYR, value of 4 or 5, and chroma 
of 2. The Ap horizon has a hue of 
lOYR, value of 4, and chroma of 1 or 
2. It has subangular blocky or crumb 
structure. The A horizon typically is 
fine sand, but loamy fine sand or (med
ium) sand are within the range. The B 
horizon has hue of lOYR, value of 4 

Table 3. Analytical results for the lino pedon, CCNHA. CFC No. 1549. 

Exchangeable Cation 
Cations Acidity Exchange Base p 

Horizon Depth Ca Mg K Na Capacity Saturation c N C/N Total Extractable 

(cm) --------·--------------------- meq/100 g ------------------------- % % % --------- ppm ---------

Ap 0-20 .7 .1 .1 .1 .5 1.5 67 0.7 .05 14 140 17 

821 20-46 .5 .1 .1 .1 .4 1.2 67 0.6 .04 15 60 5 

822 46-61 .3 .1 .1 T .4 .9 55 0.4 .03 13 110 9 

83 61-94 .2 .1 T T .4 .7 43 0.2 .01 20 160 8 

C1 94-117 .2 .1 T .1 .4 .8 50 0.1 .01 10 180 13 

C2 117-137 .3 .2 .1 .1 .5 1.2 58 130 11 

C3 137-152 1.4 .1 .1 .1 .2 1.9 89 110 11 
C4 152-168 .2 .1 T T .4 .7 43 170 8 
C4 168-183 .2 .1 T T .3 .6 50 220 12 

A1 0-25 .2 .2 .1 T 1.8 2.3 22 1.7 .12 14 340 40 

Depth Db pH Particle size distribution (mm) 

H20 CaCl2 ------------------------------------------ sand ----------------------------------------·- silt clay 
2-.5 .5-.42 .42-.25 .25-.10 .10-.05 .05-.002 <.002 

(cm) (g/cm3) ---- % 

0-20 1.4 5.6 4.9 3 3 30 53 7 3 
20-46 1.5 6.0 5.0 2 2 29 56 7 3 
46-61 1.5 6.0 5.0 3 2 27 58 6 1 3 
61-94 1.6 6.1 5.1 1 2 23 63 9 0 2 
94-117 1.6 5.8 5.0 2 2 23 55 15 2 

117-137 1.6 6.0 5.0 4 3 27 52 12 0 2 
137-152 1.6 7.1 6.1 13 9 41 32 3 0 2 
152-168 1.6 6.2 5.5 2 2 55 35 4 0 2 
168-183 1.6 6.2 5.3 2 61 34 0 

0-25 1.2 4.5 4.1 2 3 30 49 7 4 5 
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through 6, and a chroma of 3 in the 
upper part and 2 or 3 in the lower part. 
Mottles range from few to many and 
are faint to prominent. The reddish 
mottles commonly are weakly cemented. 
Colors with chromas of 2 or less occur 
as either the matrix or as mottles above 
depths of 1 meter. The B horizon 
typically is fine sand or (medium) sand. 
It has a weak, subangular blocky struc
ture or is massive or single grained. The 
C horizon has a hue of 1 OYR, value of 
S or 6, and chroma of 2 through 4. 
Mottles are common to many. This 
horizon is typically fine sand, but (med
ium) sand is within the range. 
Lupton series 

The following is a description of a 
representative pedon of the Lupton 
series with a O.S percent slope in a 
wooded bog at an elevation of 276 m 
located 48S m east and 47S m north 
of the southwest corner of Sec. 22, T. 
34 N., R. 23 W. (Colors are for moist 
soils unless otherwise noted.) 

Oal - 0-2S cm-darkreddish-brown (SYR 
2/2, broken face) and black (SYR 

2/1, rubbed) sapric material; about 
40 percent fiber, about 5 percent 
rubbed; weak, very fine, granular 
structure; primarily woody fiber, 
few woody fragments; about 30 
percent mineral material; diffuse 
boundary. 

Oa2 - 2S-160 cm-dark reddish-brown 
(5YR 2/2, broken face) and black 
SYR 2/1, rubbed) sapric material; 
about 40 percent fiber, about 8 per
cent rubbed; massive; primarily 
woody fiber; few wood fragments 
up to 1 cm long, some herbaceous 
fiber at depths of 120 to 130 cm; 
about 20 percent mineral material; 
clear, smooth boundary. 

Oe - 160-200 cm-dark-brown (7.5YR 
3/2, broken face) and very dark gray
ish-brown (lOYR 3/2, rubbed) hemic 
material; about 40 percent fiber, 
about 20 percent rubbed; massive; 
primarily herbaceous fiber; about 10 
percent mineral material; diffuse boun
dary. 

Oa3 - 200-340 cm-black (lOYR 2/1, 
broken face and rubbed) sapric ma-

terial; about 20 percent fiber, about 
5 percent rubbed; massive; primarily 
herbaceous fiber; about 20 percent 
mineral material; abrupt, smooth 
boundary. 

Leo - 340-360 cm-dark-gray (SY 4/1, 
broken face) and olive brown (2.SY 
4/4, broken face) coprogenous earth, 
dark-gray (SY 4/1, rubbed); massive; 
nonsticky; about 30 percent plant 
detritus; about 70 percent mineral 
material; gradual, smooth boundary. 

Lea - 360-430 cm-gray (SY 5/1, 
broken face) and light olive gray 
(SY 6/2, broken face) marl, gray 
(N 5/ , rubbed); massive; nonsticky; 
about 5 percent plant detritus; about 
10 percent sand grains; about 95 per
cent mineral material; a few thin (10-
80 mm) strata of fine sand. 

Range in characteristics. The thick
ness of organic soil material exceeds 
1.3 m and commonly is between 2 and 
4 m. It overlies limnic material or a 
mineral soil. Fiber in the organic soil 
material is primarily woody, but some 
pedons contain thin layers having her-

Table 4. Analytical results for the Lupton pedon, CCNHA. CFC No. 1467. 

Exchangeable Cation 

Cations Acidity Exchange Base p 

Horizon Depth Ca Mg K Na Capacity Saturation c N C/N Total Extractable 

(cm) ............................................................... meq/100 g ------------------------- % % % --------- ppm ·--------

Oa1 0-25 77.3 10.6 .3 1.1 2.2 91.5 97 43.8 2.00 22 1, 110 8 
Oa2 25-50 77.2 9.7 .2 .9 1.8 89.8 98 43.5 1.90 23 680 7 
Oa2 50-75 74.7 9.2 .2 .6 2.0 86.7 98 41.1 2.00 20 580 7 
Oa2 75-100 77.9 . 10.2 .2 .9 1.2 91.4 97 43.1 2.40 18 560 5 
Oa2 100-125 68.2 9.0 .2 .7 2.5 80.6 97 44.2 2.10 21 520 5 
Oa2 125-160 73.6 9.5 .2 .7 l.2 87.8 97 40.9 2.30 18 500 2 
Oe 160-200 51.6 5.7 .2 .6 2.6 60.7 96 50.9 3.30 15 680 21 
Leo 340-360 53.6 2.1 .4 .6 1,520 6 
Lea 360-430 66.1 2.5 .2 .3 1,610 11 

Color Na 

Depth Db pH Mineral Fiber pyrophosphate CaC03 
H20 CaCl2 content unrubbed rubbed extract equiv. 

(cm) (g/cm3) % -------- volume % ------- (Munsell) % 
0-25 .11 6.0 5.3 22 30 5 4/4 

25-50 .16 5.7 5.3 20 35 10 4/4 
50-75 .16 6.0 5.3 14 40 10 4/2 
75-100 .17 5.9 5.3 14 40 10 4/3 

100-125 .15 6.0 5.3 18 45 10 5/3 
125-160 .16 6.0 5.5 19 30 5 4/3 
160-200 .13 6.1 5.5 17 30 10 5/2 
340-360 7.4 7.5 92 6/2 56 
360-430 7.5 7.4 91 7/2 48 
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baceous fiber. Typically, woody frag
ments are few or common in most 
layers of organic soil material. The 
organic soil material typically contains 
10 to 20 percent mineral material, but 
it ranges from 10 to 40 percent. It 
ranges in reaction from pH 4.8 to 6.5 
in 0.01 M CaCl2. The upper 1.3 m 
consistsmostly to entirely of sapric 
material. Some pedons have thin 
layers of hemic materials in that depth 
zone. The sapric material has, on the 
broken face, a hue of 5YR, 7.SYR, or 
1 OYR, value of 2 or 3, and chroma of 

1 or 2. It is massive or has weak gra
nular or blocky structure. 

Nymore series 

The following is a description of a 
representative pedon of Nymore series 
with a 1 percent nearly plane slope in 
a cultivated field at an elevation of 
279 m, located 61 m west and 30 m 
north of the southeast corner of Sec. 
22, T. 34 N., R. 23 W. (Colors are for 
moist soils unless otherwise noted.) 

Ap - 0-23 cm-very dark grayish-brown 
(lOYR 3/2) sand; weak, fine, and me-

Table 5. Analytical results for the Nymore pedon, CCNHA. CFC No. 1548. 

Horizon Depth 

Ap 
A1 

A1 
A3 
821 
822 
C1 
C2 
C2 
C2 

C3 
C3 

A11 
A12 
A3 

(cm) 

0-23 
23-43 
43-63 
63-86 
86-104 

104-132 
132-157 
157-183 
183-208 
208-234 
234-259 
259-285 

0-3 
3-23 

23-43 

Exchangeable Cation 

Cations Acidity Exchange Base 
_C_a __ M_g ___ K __ N_a_ Capacity Saturation 

2.7 .9 .1 
1.7 .2 .1 
1.7 .2 .. 1 

2.3 .3 .1 
.7 .1 .1 
.3 T .1 
.1 T T 
.2 .1 .1 
.2 .1 T 
.2 .1 .1 
.3 .1 .1 
.4 

2.7 
.7 

.7 

.1 

.5 

.3 

.3 

T 

.2 

.2 

.1 

meq/100 g -------------------------

.1 .2 4.0 

.1 

T 
.1 

.1 
T 
T 
T 
T 
.1 

.1 

.1 

T 
T 
T 

.2 

.4 

.2 

.3 

.5 

.3 

.3 

.4 

.3 
T 
.4 

.5 

.9 

.7 

2.4 
2.4 
3.0 
1.3 

.9 

.4 

.7 

.7 

.8 

.6 

.6 

3.9 
2.1 
1.8 

% 

95 
83 
83 

93 
77 
44 
25 
57 
43 
62 
85 
60 

87 
57 
61 

dium, subangular blocky structure; 
very friable; abrupt, smooth boundary. 

Al 0 23-63 cm-very dark grayish-brown 
(lOYR 3/2), grayish brown (lOYR 
5/2) when dry, sand; very weak and 
weak, fine and medium subangular 
and angular blocky structure break
ing to single grain; very friable; 
gradual smooth boundary. 

A3 - 63-86 cm-dark-brown ( lOYR 
3/3) sand; massive breaking readily 
to single grain; loose; clear, smooth 
boundary. 

c 

% 

.7 
-.6 

.4 

.4 

.3 

1.4 
0.7 
0.1 

p 

N C/N Total Extractable 

% 

.06 

.05 

.04 

.03 

.03 

12 
12 
10 
13 
10 

.12 12 

.07 10 

.04 3 

--------- ppm ---------

460 20 
630 17 
220 15 
240 15 
120 14 
310 21 
170 9 
130 4 
190 4 
160 4 

150 

400 
160 
300 

10 

43 
23 
21 

Depth pH Particle size distribution (mm) 

(cm) 

0-23 
23-43 
43-63 
63-86 
86-104 

104-132 
132-157 
157-183 
183-208 
208-234 
234-259 
259-285 

0-3 
3-23 

23-43 

(gfcm3) 

1.4 
1.5 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 

1.2 
1.4 
1.5 

6.6 
6.2 
6.2 
6.4 
6.0 
6.1 
6.1 
5.9 
5.8 
6.3 
5.7 
5.7 

5.2 
5.1 
5.4 

5.9 
5.6 
5.2 
5.3 
5.1 
5.2 
5.3 
4.9 
5.2 
5.5 
5.6 
5.5 

4.8 
4.4 
4.5 

---------······-····-------------------- sand ----···----------------···--·,···--····--·· 
2-.5 .5-.42 .42-.25 .25-.10 .10-.05 

4 
2 
3 
3 
3 
2 
3 
3 
2 

5 
6 

3 
2 
2 

5 
4 
4 
3 
3 
3 
4 
4 
2 

7 

8 

2 
2 
3 
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45 
39 
40 
40 
38 
37 
51 
41 
38 
35 
60 
63 

30 
31 
33 

38 
46 
44 
46 
49 
51 
40 
50 
53 
61 
26 
22 

47 
52 
49 

2 
3 
3 
2 
2 
3 

2 
4 
1 

0 

5 
5 
5 

silt 

.05-.002 

5 
2 
2 
2 
2 

0 
0 

0 
0 
0 

8 
4 
4 

clay 

(.002 

4 
4 
4 
3 
3 
1 
0 
0 

5 
4 
4 



B21 - 86-104 cm-dark-brown (7.SY comprises as much as 5 percent of the 
4/4) sand; massive breaking readily volume of the solum and C horizon, 
to single grain; loose; clear, smooth either as distinct strata or dispersed 
boundary. throughout. The solum is dominated 

B22 - 104-132 cm-yellowish-brown by (medium) sand. The solum com-
(lOYR 5/4) fine sand; single grain; monly is strongly to slightly acid. It 
loose; clear, smooth boundary. is very friable in the upper part and 

Cl 132 ·157 l'gh 11 . h b very friable or loose in the lower part. 
- - cm- 1 t ye ow1s - rown Th A Al h · h lo~rR h 

( lOYR 6/4) and ver ale brown e P or onzon as a i ue, .Y P . value of 2 or 3, and chroma of 1 or 
(lOYR 7/4) sand; smgle gram; loose; 2. Dry value is 4 or 5. The A3 hori-
gradual, wavy boundary. zon has a lOYR hue, value of 3, and 

C2 - 157-183 cm-very pale brown chroma of 1 through 3. The A hori-
(lOYR 7 /4) sand; few coarse masses zon typically is (medium) sand or 
of brownish-yellow (lOYR 6/6); loamy sand, but the range includes 
single grain; loose. loamy fine sand and fine sand. It has 
Range in characteristics. Thickness a weak granular or blocky structure. 

of the' solum commonly is 60 to 130 The B horizon has lOYR or 7.5YR 
cm, but this may range from 60 to hue, value of 4 or 5, and chroma of 
160 cm. Depth to free carbonates 3 or 4. The B horizon typically is 
commonly is greater than 2 m. Typi- (medium) sand, but loamy sand is in-
cally, these soils lack gravel, but in eluded. A subhorizon up to 38 cm 
some pedons, gravel less than 1 cm thick with fine sand or loamy fine sand 

Table 6. Analytical results for the Rifle pedon, CCNHA. CFC No. 1468. 

Exchangeable Cation 

Cations Acidity Exchange Base 

Horizon Depth Ca Mg K Na Capacity Saturation 

(cm) ... ----------------------------- meq/100 g ------------------------- % 

Oe 0-25 42.0 4.9 .5 1.5 1.1 50.0 98 
Oe 25-50 56.5 5.7 .2 1.0 2.1 65.5 97 
Oe 50-75 62.5 6.3 .2 .8 1.9 71.1 98 
Oe 75-100 62.9 6.8 .2 .7 2.4 73.0 97 
Oe 100-125 70.2 7.0 .3 1.3 2.2 81.0 97 
Oe 125-150 68.0 9.7 .2 1.0 1.9 80.8 98 
Oe 150-175 70.6 7.2 .2 .9 2.4 81.3 97 
Oe 175-200 73.0 7.7 .2 .9 2.0 83.8 98 

Leo 505-520 
Leo 530-545 
Leo 630-645 

textures is within the range of the series. 
The upper part of the B horizon has 
weak subangular blocky structure or is 
massive or single grain. The lower B 
horizon is single grain or massive. The 
C horizon has hue of 1 OYR, value of 
5 through 7, and chromas of 3 or 4. 
Mottles occur in some pedons below a 
depth of 1 meter. The C horizon 
typically is (medium) sand, but strata 
of fine sand and coarse sand are included. 

The Nymore series as mapped in 
CCNHA is outside the range for the 
series because it has a thicker A hori
zon. This difference does not apprecia
bly affect its behavior. 

Rifle series 

A description follows of a repre
sentative pedon of the Rifle series in 
a large level bog at an elevation of 
277 m., located 300 m south and 
450 m west of the northeast corner 

p 

c N C/N Total Extractable 

% % --------- ppm -...-------

41.1 2.20 19 1480 14 
47.9 2.80 17 950 8 
52.4 3.10 17 840 14 
37.7 2.90 13 820 6 
40.4 2.90 14 740 2 
42.8 2.70 16 810 4 
36.7 2.30 16 500 12 
43.7 2.60 17 460 7 

Color Na 
Depth Db pH Mineral Fiber pyrophosphate CaC03 

H20 CaCl2 content unrubbed rubbed extract equiv. 

(cm) (g/cm3) % -------- volume % ------- (Munsell) % 

0-25 .08 5.8 5.3 22 50 30 7/3 
25-50 .10 5.7 5.1 15 40 10 6/3 
50-75 .13 5.8 5.2 14 55 10 4/3 
75-100 .15 5.7 5.2 21 10 5 5/3 

100-125 .14 5.9 5.4 15 30 10 6/3 
125-150 .16 5.8 5.4 32 55 5 5/2 
150-175 .15 6.0 5.4 29 50 5 5/3 
175-200 .14 6.0 5.4 21 40 5 5/2 

505-520 .21 7.5 7.4 66 15 
530-545 .27 7.5 7.4 73 33 
630-645 .35 7.5 7.4 82 23 
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of Sec. 34, T. 34 N., R. 23 W. (Col
ors are for moist soil unless otherwise 
noted.) 

Oe - 0-230 cm-dark-brown (lOYR 
3/3, broken face), very dark-gray 
(lOYR 3/1, rubbed), very dark
brown (lOYR 2/2, after exposure 
to air) hemic material; about 40 
percent fiber, about 18 percent 
rubbed; massive; very friable; 
primarily herbaceous fiber; about 
10 percent mineral material; diffuse 
boundary. 

Oal - 230-330 cm-black (1 OYR 2/ 1, 
broken face, rubbed) sapric material; 
about 2S percent fiber, about S per
cent rubbed; massive; very friable; 
primarily herbaceous fiber; abol;lt 

20 percent mineral material; diffuse 
boundary. 

Oa2 - 330-SOO cm-dark-brown (7.SYR 
3/2, broken face), black (7.SYR 2/1, 
rubbed) sapric material; about 20 per
cent fiber, about 3 percent rubbed; 
massive; ve,ty friable; about 2S per-· 
cent mineral material; herbaceous 
fiber; diffuse boundary. 

Leo - S00-6SO cm-very dark-gray 
(SY 3/1,_broken face and rubbed) 
coprogenous earth; massive; non
sticky; trace of plant detritus; about 
7S percent mineral; clear boundary. 

IICg - 6S0-6SS cm-dark-gray (SY 4/1) 
loamy fine sand and fine sand. 

Range in characteristics. The thick
ness of the organic soil material ex-

ceeds 1.3 m and commonly is 2 to 6 
m. It overlies limnic material or a min
. eral soil~ Fiber in the organic soil 
material is primarily herbaceous,. but 
thin layers with woody fiber occur in 
some pedons. The pH of the .organic 
soil material ranges from S.l to 6.S in 
0.01 M CaCl2. The upper 130 cm 
consists mostly or entirely of hemic 
material.· Thin layers of sapric or fi
bric material totaling no more than 2S 
cm each occur in the 130 cm depth 
zone of some pedons. The hemic ma
terial has hue of lOYR or 7.SYR, 
value of 2 through 4, and chroma of 
1 through 3. It commonly is massive, 
but in some pedons it has weak platy 
structure. The content of mineral ma
teriaLin the organic soil material ranges 
from 10 to 40 percent. · 

Table 7. Analytical results for the Sartell pedon, CCNHA. CFC No. 1551. 

Exchangeable Cation 
Cations Acidity Exchange Base p 

Horizon Depth Ca Mg K Na Capacity Saturation C· N C/N Total Extractable 

(cm) ------------------------------ meq/100 g ------------------------- % % % ----·~--- ppm ---------

Ap 0-18 .2 T .1 T 1.2 1.5 20 .5 .04 12 260 35 
B 18-35 1.3 .2 .1 T .4 2.0 80 .2 .02 10 340 25 
B 35-71 1.4 .2 .1 T .4 2.1 81 .1 .02 5 200 18 
C1 71-107 1.4 .2 .1 T .3 2.0 85 .1 .01 10 180 16 
C2 107-152 .5 .2 .1 T .4 1.2 67 170 11 
C3 152-178 .3 .1 T T .2 .6 67 130 8 
C4 178-203 .7 .2 .1 T .2 1.2 83 340 11 
C4 203-229 .6 .2 .1 T .2 1 .1 82 300 8 
C4 229-254 .4 .1 T T .3 .8 62 320 8 

A1 0-3 2.3 .6 .3 T .8 4.0 80 2.9 .20 14 300 31 
B 3-20 .5 .2 .1 T .3 1.1 73 .1 .02 5 250 15 

Depth Db pH Particle size distribution (mm) 
H20 CaCl2 ------------------------------------------ sand ----------------------------------------·- silt clay 

2-.5 .5-.42 .42-.25 .25-.10 .10-.05 .05-.002 (002 

(cm) (g/cm3) --------------------------------- % 

0-18 1.4 4.6 4.2 2 2 35 48 5 5 3 
18-35 1.5 5.7 5.0 2 31 55 3 4 4 
35-71 1.6 6.1 5.2 2 31 55 4 3 4 
71-107 1.6 6.1 5.5 2 37 53 3 3 

107-152 1.6 6.0 5.4 2 4 47 42 2 2 
152-178 1.6 5.8 5.5 12 13 42 31 0 
178-203 1.6 6.6 5.8 2 1 18 72 5 0 2 
203-229 1.6 7.1 5.9 0 14 80 3 0 2 
229-254 1.6 6.7 5.8 10 83 4 0 

0-3 1.1 4.5 4.3 2 29 46 5 10 7 
3-20 1.3 6.2 5.3 2 4 47 42 2 2 
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Sartell series 

The following is a description of a 
representative pedon of the Sartell 
series with a 1.S percent nearly plane 
slope in a cultivated field at an eleva
tion of 280 m, located S02 m west 
and S97 m north of the southeast 
corner of Sec. 22, T. 34 N., R. 23 W. 
(Colors are for moist soils unless other
wise noted.) 

Ap- 0-18 cm-dark-brown (lOYR 3/3) 
sand; weak, fine and medium, sub~ 
angular blocky structure; loose; 
abrupt, smooth boundary. 

B - 18-71 cm,--dark yellowish~brown 
(lOYR 4/4) fine sand; massive 
breaking to single grain; loose; few, 
dark brown (7.SYR S/4) fillings; 
gradual, smooth boundary. 

C 1 - 71-107 cm-very pale brown 
(lOYR 7/4), fine sand; single grain; 
loose; gradual, smooth boundary. 

C2 - 107-1S2 cm-light yellowish
brown (lOYR 6/4) sand; single 
grain; loose; one reddish-brown 
(SY 4/4), 1 to 2 mm thick, ir
regular, weakly cemented band 
occurs at about 127 cm; gradual 
smooth boundary .. 

C3 - 1S2-178 cm-very pale brown 
(lOYR 7 /4) sand; single grain; loose; 
one reddish-brown (SYR 4/4), 2 to 
3 min thick, irregular, weakly cement
ted band occurs at about 1S2 cm. 

C4 ,---- 178-2S4 cm-very pale brown (lOYR 
7 /4) fine sand; single grain; loose. 

Range in characteristics. Thickness 
of the solum ranges from 61 .to 100 
cm and depth to free carbonates is 
greater than 2 m. The solum and C 
horizon lack coarse fragments to con
siderable depths. The. solum typically 
is medium or strongly acid, but some 
pedons have horizons that are very 
strongly acid or slightly acid. The 
solum is loose or very friable. The 
solum and C horizon to a depth of 
lSO cm typically are dominated by 
fine sands, but in some pedons, some 
horizons are (medium) sand. Coarser 
sands comprise less than 1 S percent of 
the sand fraction. The Ap horizon has 
lOYR hue, value of 3 or 4, and chroma 
of 2 or 3. It is typically a fine sand or 
(medium) sand, but it ranges to loamy 
fine sand or loamy sand, especially in 
the upper part. It is single grain or has 

a weak crumb or subangular blocky 
structure. In undisturbed'pedons, the 
Al horizon is 3 to 15 cm thick with 
a lOYR hue, value of 2 or 3, _and chroma 
of 1 or 2. The B 1 horizon has lOYR 
hue, value of 4 or S, and chroma ·of 
3 or 4. Typically it is fine sand, but 
it ranges to (medium) sand. The C 
horizons of some pedons have very 
thin, heavy, fine sand or loamy fine 
sand horizons (either lamellae or bands 
of geological origin) with hues of SYR 
or 7.SY, values of 3 or 4, and chromas 
of 4 to 6 at depths typically below 90 
cm. Such horizons do not have an ag
gregate thickness of more than 1 cm to 
a depth of ISO cm. The C horizon has 
hue of lOYR, value of S·through 7, and 
chroma of 2 through 4. Texture of the 
C is typically a fine sand or (medium) 
sand. The upper C horizon is medium 
acid to neutral. 

Seelyeville series 

The following is a description of a 
representative profile of the Seelyeville 
series with a O.S percent slope in a bog 
at an elevation of 279 m, located 1 S m 
north and 136 m east of the southwest 
corner of the NW% of Sec. 16, T. 34 N., 
R. 23 W. (Colors are for moist soils un
less otherwise noted.) 

Oe - 0-S cm-dark-brown (7.SYR 3/2, 
broken face and rubbed) hemic ma
terial; about 60 percent fiber, about 
2S percent rubbed; massive; very 
friable; primarily herbaceous fiber; 
about 1 S percent mineral material; 
clear, smooth boundary. 

Oal - S-lS cm-very dark-brown (lOYR 
2/2, broken face and rubbed) sapric 
material; about 30 percent fiber, 
about 10 percent rubbed; weak fine 
granular structure; very friable; her
baceous fiber; about 1 S percent 
mineral material; clear, smooth 
boundary. 

Oa2 - lS-40 cm-very dark-brown 
(lOYR 2/2, broken face) sapric 
material; mixed brown ( 1 OYR 2/2) 
and black (lOYR 2/1) rubbed; about 
40 percent fiber, about lS percent 
rubbed; massiye; herbaceous fiber; 
about 10 percent mineral material; 
diffuse boundary. 

Oa3 - 40-80 cm-black ( 1 OYR 2/ 1, 
brokenface) matrix with very dark
brown (lOYR 2/2, broken face) and 
very dark grayish-brown (lOYR 3/2) 
broken face) fiber, sapric material, 
black (lOYR 2/1, rubbed); about 
20 percent fiber, about S percent 
rubbed; massive; herbaceous fiber; 
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about lS percent mineral material; 
diffuse boundary. 

Oa4 .,.- 80-200 cm-black (lOYR 2/1, 
broken face and rubbed) sapric ma
terial; about 12 percent fiber; about 
2 percent rubbed; massive; herbaceous 
fiber; about 2S percent mineral ma
terial; clear boundary. 

IIAlb - 200-20S cm-black (lOYR 
2/1) loamy fine sand; single grain; 
loose; abrupt bounda1y. 

IIC - 20S-21S cm-gr'}y (lOYR S/1) 
fine sand; single grain; loose. 

Range in characteristics. The organic 
soil material extends to depths of at 
least 1.3 m and typically to 1.3 to 2.S 
m. A mineral· soil or limhic material 
is below these depths. The fibers are 
mostly derived from herbaceous plants, 
but some layers contain hypnum moss 
fibers. Typically, woody fibers and 
fragments are lacking in all parts of the 
organic soil material, but ·a small amount 
of these materials are in the upper s 0 

· cm of some pedons. The content of 
mineral material in the organic soil ma
terial commonly ranges from lS to 3S 
percent, but layers in some pedons have 
as much as 60 percent. Reaction in the 
organic soil material ranges from pH 
4.8 to 6.S in 0.01 M CaCl2. The upper 
130 cm consists of mostly to entirely 
sapric material. However in some pe
dons, thin layers of hemic material as 
much as 2S cm thick are present in 
that depth zone. The sapric material typ
ically was hue of 1 OYR, but a hue of 
7.SYR is in the range. It typically has a 
value of 2 and a chroma of 1, both for 
the broken face and rubbed mass. How
ever, value of 3 and chroma of 2 are 
within the range for the broken face. 
The content of fiber is less than 40 
percent in the undisturbed condition 
and less than 1 S percent after rubbing. 
This material typically is massive, but 
in some pedons it has weak granular 
or subangular blocky structure in part 
or all of the upper SO cm . 

Soderville series 

A description follows of a represen
tative pedon of the Soderville series 
with a 0.5 percent slightly convex slope 
in a formerly cultivated field at an ele
vation of 281 m, located 303 m east 
and 67 · m south of the northwest corner 
of Sec .. 16, T. 34 N ., R. 23 W. (Colors 
are for moist soils unless otherwise 
noted.) 

Ap - 0-28 cm-dark grayish-brown 
(lOYR 4/2), loamy fine sand; weak, 
fine angular and subangular blocky 



Table 8. Analytical results for the Seelyeville pedon, CCN HA. CFC No. 1469. 

Exchangeable Cation 
Cations Acidity Exchange Base p 

Horizon Depth Ca Mg K Na Capacity Saturation c N C/N Total Extractable 

(cm) ------------------------------ meq/100 g ------------------------- % % % --------- ppm ---------
Oe 0-5 42.4 5.7 1.1 2.2 3.3 53.7 96 37.9 2.40 16 1,760 42 
Oa1 5-15 27.3 3.2 .4 .8 1.2 32.9 96 18.6 1.40 13 1, 140 30 
Oa2 15-40 54.4 4.9 .3 1.2 1.6 62.4 97 36.9 3.20 11 1,210 20 
Oa3 40-60 80.8 6.2 .2 .8 1.2 89.2 99 47.8 3.20 15 840 11 
Oa3 60-80 81.0 7.1 .3 1.0 1.3 90.8 98 44.6 3.00 15 800 9 
Oa4 80-100 79.7 7.1 .3 1.1 2.2 84.4 97 40.2 2.90 14 880 7 
Oa4 100-125 82.0 7.4 .2 1.0 1.3 91.9 98 37.7 2.80 13 700 6 
Oa4 125-150 75.1 6.9 .4 1.6 1.3 85.3 98 41.7 2.60 16 800 10 
Oa4 150-170 96.1 7.8 .3 .5 1.1 105.8 99 25.4 1.80 14 770 3 
Oa4 170-190 73.6 7.1 .2 1.0 .8 82.7 99 34.2 2.70 13 810 6 

Color Na 
Depth Db pH Mineral Fiber pyrophosphate CaC03 

H20 CaCl2 content unrubbed rubbed extract equiv. 

(cm) (g/cm3) 

0-5 .10 
5-15 .21 

15-40 .11 
40-60 .14 
60-80 .16 
80-100 .16 

100-125 .15 
125-150 .17 
150-170 .18 
170-190 .22 

structure; very friable; abrupt, ir
regular boundary. 

A2 - 28-46 cm-brown (lOYR 4/3), 
loamy fine sand; many, medium, 
faint, grayish-brown (lOYR 5/2) 
and distinct, dark-brown (7 .5YR 
4/4) and strong brown (7.5YR 

5.6 
5.9 
6.0 
6.1 
6.2 
6.2 
6.3 
6.0 
6.0 
5.9 

5 / 6) mottles; massive breaking to 
angular and subangular blocky 
fragments; very friable; clear, smooth 
boundary. 

B21 - 46-89 cm-dark-brown (7.5YR 
4/4) loamy fine sand; many, medium, 
distinct, grayish-brown (lOYR 5/2), 
yellowish-red (5YR 4/6 and 5/6) 
mottles; massive breaking to angular 
and subangular blocky fragments; 
loose; clear, smooth boundary. 

B22 - 89-109 cm-reddish-brown (5YR 
3/4), loamy fine sand; few, medium, 
faint, yellowish-red (5YR 4/6) and 
many, coarse, prominent, grayish
brown (lOYR 5/2), dark grayish
brown (lOYR 4/2), anc1 dark-red 

% -------- volume % ------- (Munsell) % 

5.0 39 40 
5.4 51 40 
5.2 20 40 
5.3 16 25 
5.5 22 30 
5.6 21 30 
5.7 24 35 
5.7 24 20 
5.6 32 20 
5.7 41 10 

(2.5YR 3/6) mottles, weak, thick 
platy structure; loose; weakly ce
mented when dry; abrupt, smooth 
boundary. 

B23 - 109-127 cm-dark-brown (7.5YR 
4/4) loamy fine sand; common, large, 
distinct, gray (lOYR 6/1), reddish
brown (5YR 5/4), and yellowish-red 
(5YR 5/6) mottles; weak, medium, 
platy structure; loose; weakly ce
mented when dry; clear, smooth 
boundary. 

B24t - 127-165 cm-dark-brown (7.5YR 
4/4), very fine sandy loam; common, 
inedium, distinct, grayish-brown 
(lOYR 5/2), yellowish-red (5YR 4/6), 
and yellowish-brown (lOYR 5/6) 
mottles; weak thin and medium 
platy structure; few clay films on 
faces of peds; very friable; weakly 
cemented when dry; dear, smooth 
boundary. 

B25 - 165-198 cm-dark-brown (7.5YR 
4/4), loamy fine sand; common, med-

-26-

20 5/4 
25 3/3 

5 6/4 
0 5/3 
0 5/3 
0 4/4 
0 6/2 
0 4/2 
T 3/1 
0 4/2 

ium and large, distinct, grayish-brown 
(lOYR 5/2), yellowish-brown (lOYR 5/6), 
and yellowish-red (5YR 4/6) mottles; 
weak, thin and medium, platy struc-
ture; loose; weakly cemented when 
dry; clear, smooth boundary. 

C - 198-230 cm-dark-brown (7.5YR 
4/4) and dark yellowish-brown 
(lOYR 4/4), fine sand; common, 
medium, distinct, grayish-brown 
(lOYR 5/2), yellowish-brown (lOYR 
5/6), yellowish-red (5YR 4/6) and 
dark reddish-brown (2.5YR 3/4) 
mottles; massive breaking to single 
grain; loose. 

Range in characteristics. Thickness 
of the solum commonly ranges from 90 
to 200 cm, but it is as much as 220 cm 
in some places. The depth to the top of 
the first Bt horizon ranges from 75 to 
130 cm. The solum and C horizon 
lack coarse fragments. In the solum, 
the sand fraction is 40 to 70 percent 
fine sand, and the con tent of coarse 
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Table 9. Analytical results for the Soderville pedon, CCNHA. CFC No. 1547. 

Exchangeable Cation 
Cations 

Horizon Depth Ca Mg K 

(cm) ................................................... 

Ap 0-28 3.5 1.2 .1 
A2 28-46 2.5 .7 .1 
821 46-89 2.1 .2 .1 
822 89-109 2.6 .5 .1 
823 109-127 3.9 1.0 .2 
824t 127-165 2.9 .8 .1 
825 165-198 2.5 .7 .1 
c 198-230 1.7 .3 .1 

Depth Db pH 
H20 CaCl2 

(cm) {g/cm3) 

0-28 1.3 7.1 6.1 
28-46 1.5 6.3 5.4 
46-89 1.7 5.9 5.0 
89-109 1.7 6.2 5.2 

109-127 1.7 6.0 5.1 
127-165 1.7 5.9 5.1 
165-198 1.7 6.2 5.3 
198-230 1.6 6.0 5.2 

and very coarse sand is 5 percent or 
less of the sand fraction. The water 
table commonly begins at depths of 
60 to 120 cm during the wetter part 
of the year. Reaction in the sol um 
ranges from strongly acid to neutral. 
Consistence ranges from friable to 
loose. Undisturbed pedons have black 
( 1 OYR 2/ 1) or very dark-gray ( 1 OYR 
3/1) Al horizons with thickness rang
ing from 5_ to 15 cm. The A2 hor-
izon has a hue of 1 OYR, value of 4 
or 5, and chroma of 2 or 3. It has 
a weak platy structure or is massive. 
The Ap horizon has a hue of lOYR, 
value of 3 or 4, and chroma of 1 or 
2. It has a weak, granular or blocky 
structure. The A horizon typically 
is fine sand or loamy fine sand, but 
light, fine sandy loam is within the 
range. The part of the B horizon 
above the B2t horizon has a matrix 
with a hue of 7 .5YR or 1 OYR, value 
of 3 through 5, and chroma of 3 or 
4. Mottles range from few to com
mon and from faint to prominent. 
The texture of this part of the B 
horizon is mostly fine sand or 
1 oamy fine sand. The B 2t horizon 
has a matrix with hue of 5YR, 7. 5YR, 

Acidity Exchange Base p 

Na Capacity Saturation c N C/N Total Extractable 

meq/100 g ------------------------- % % % --------- ppm ---------

.1 .2 5.1 96 .7 .06 12 220 26 

.1 .2 3.6 94 .5 .05 10 340 33 

.1 .4 2.9 86 .3 .03 10 270 22 

.1 .4 3.7 89 .3 .03 10 400 23 

.1 .2 5.4 96 320 19 

.1 .4 4.3 91 460 26 

.1 .2 3.6 94 430 26 

.1 .2 2.4 92 530 24 

Particle size distribution (mm) 
------------------------------------------ sand ------------------------------------------ silt clay 

2-.5 .5-.42 .42-.25 .25-.10 .10-.05 .05-.002 <.002 

--------------------------------------- % --------------------------------------------------------------

0 5 50 
0 4 48 
0 5 51 
0 0 4 52 
0 0 0 46 
0 0 1 42 
0 0 0 56 
0 0 3 63 

or 1 OYR, value of 4 or 5, and chroma 
of 3 or 4. Mottles are common to 
many and faint to distinct. The tex
ture in the B2t horizon is loamy fine 
sand or fine sandy loam. The average 
content of clay in the B2t horizon is 
6 to 12 percent. In some pedons, the 
B2t horizon consists of multiple bands 
with intervening horizons of fine sand. 
The B 2t horizon is massive or has 
weal<ly developed structure. The C 
horizon has a matrix with hue of 1 OYR 
or 7 .5YR, value of 4 through 7, and 
chroma of 3 through 5. Mottles are 
few to many. Typically, it is fine sand, 
but it ranges to (medium) sand. 

Zimmerman series 

The following is a description of a 
representative pedon of the Zimmerman 
seties with a 3 percent convex slope in a 
former cultivated field at an elevation of 
310 m, located 333 m east and 212 m 
north of the southwest corner of Sec. 
22, T. 34 N., R. 23 W. (Colors are for 
moist soil unless otherwise noted.) 

Ap - 0-18 cm-dark grayish-brown 
(lOYR 4/2), fine sand; single grain; 
loose; abrupt, smooth boundary. 
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30 5 9 
28 9 10 
27 7 9 
28 7 9 
34 12 8 
31 15 11 
27 11 6 
24 7 3 

B21 - 18-71 cm-pale brown (lOYR 
6/3) and brown (lOYR 5/3) fine sand; 
single grain; loose; dark brown (7.5YR 
4/4), 2 to 5 mm thick, irregular, weakly 
cemented band at base of horizon; few, 
large faint yellowish-brown (lOYR 5/6) 
mottles immediately above the band; 
abrupt, irregular boundary. 

B22 - 71-89 cm-yellowish-brown (lOYR 
5/4), fine sand; single grain; loose; 
abrupt, irregular boundary. 

B23t - 89-91 cm-dark-brown (7.5YR 
4/4), loamy fine sand; massive brealdng 
to medium angular and subangular 
blocky fragments; friable; hard and 
weal<ly cemented when dry; abrupt, 
irregular boundary. 

A2 - 91-115 cm-yellowish-brown (lOYR 
5/4), fine sand; single grain; loose, 
abrupt, wavy boundary. 

B'21t - 115-120 cm-dark-brown (7.5YR 
4/2 and 4/4), loamy fine sand; massive 
breaking to angular and su bangular 
blocky fragments; friable; hard and 
weakly cemented when dry; abrupt, 
irregular boundary. 

A'21 - 120-132 cm-light yellowish-brown 
(lOYR 6/4), fine sand; very weak, med-



Table 10. Analytical results for the Zimmerman pedon, CCNHA. CFC No. 1550. 

Exchangeable Cation 

Cations Acidity Exchange Base p 

Horizon Depth _C_a __ M_g ___ K __ N_a_ Capacity Saturation c N C/N Total Extractable 

Ap 

B21 
B21 
B22 
B23t 
A2 
B'21t 
A'21 
B'22t 
A'22 
B'23t 
c 
A1 
A2 

(cm) 

0-18 
18-38 
38-71 
71-89 
89-91 
91-115 

115-120 
120-132 
132-137 
137-155 
155-160 
160-178 

0-2 
2-10 

1.4 
.8 
.8 

1.0 
3.8 
1.9 
4.0 
2.1 
3.2 
1.6 
2.8 
1.5 
2.9 

T 

.2 

.1 

.1 

.1 

.6 

.2 

.9 

.3 

.7 

.2 

.6 

.2 

.8 

.1 

.1 

.1 

.1 

.1 

.2 

.1 

.3 

.1 

.2 

.1 

.2 

.1 

.4 

.1 

meq/100 g --·-····················· 

T .4 2.1 
.1 
T 
.1 
.1 
T 
.1 
T 
.1 
T 
.1 
T 
T 

.3 

.3 

.2 

.2 

.3 

.3 

.2 

.2 

.3 

.4 

.2 

.9 
.1 .2.4 

1.4 
1.3 
1.5 
4.9 
2.6 
5.6 
2.7 
4.4 
2.2 
4.1 
2.0 
5.0 
2.7 

% 

81 
78 
77 
87 
96 
88 
95 
74 
95 
86 
90 
90 
82 
11 

% 

0.7 

0.4 
0.3 
0.2 
0.2 
0.1 

7.2 
2.0 

% 

.04 

.01 

.01 

.01 

.02 

.01 

.22 

17 
40 
30 
20 
10 
10 

33 
.07 28 

......... ppm ·······-· 

210 30 
160 26 
180 26 
150 24 
340 49 
200 21 
460 42 
280 19 
370 42 
240 16 
350 37 
300 15 
760 33 
240 29 

Depth pH Particle size distribution (mm) 

CaCl2 --. -. --------... --·--· · -----------·-·----- s an d ----· · · ---· --------------------· ·-· ------- silt 
.05-.002 

clay 

<.002 2-. 5 .5·.42 .42-.25 .25·.10 .10-.05 

(cm) (g/cm3) 

1.3 
1.5 
1.6 
1.6 
1.7 
1.6 
1.7 
1.6 
1.7 
1.6 
1.6 
1.6 

---···---------------------··------······-··-·----·- % ---·--·-------·----------·---

0-18 
18-38 
38-71 
71-89 
89-91 
91-115 

115-120 
120-132 
132-137 
137-155 
155-160 
160-178 

0-2 
2-10 

1.2 
1.4 

5.8 
6.2 
6.3 
6.5 
6.6 
6.6 
6.6 
6.4 
6.3 
6.5 
6.3 
6.2 

5.0 
4.5 

5.0 
5.3 
5.5 
5.7 
5.8 
6.0 
5.8 
5.9 
5.7 
5.9 
5.8 
5.9 

4.6 
3.8 

ium, angular and subangular blocky 
structure parting to single grain; loose; 
abrupt smooth boundary. 

1 
0 

1 
0 

1 
0 
0 

3 

2 
1 

2 

28 
27 
25 
22 
20 
19 
15 
16 
20 
17 
15 
14 

17 
17 

and weakly cemented when dry; 
abrupt, irregular bounda1y. 

C - 160-178 cm-very pale brown (lOYR 
7 /4) fine sand; single grain; loose. B'22t - 132-137 cm-dark reddish-brown 

(5YR 3/4), fine sand; massive break
ing to thick, platy fragments; friable; Range in characteristics. Thickness 
hard and weakly cemented when dry; of the solum is commonly 10? to 180 
abrupt, irregular boundary. cm. The solum and the C honzon lack 

, . . coarse fragments to considerable depths. 
A 22 - 137-155 cm-hght J'."ellowis~-brown The solum averages between 50 to 65 

(lOYR ~/4), fine. sand; smgle gram; percent fine sand. The content of very 
loose; slightly acid; abrupt, smooth fme sand is similar to the content of 
boundary· medium sand. The content of coarse 

B'23t - 155-160 cm-dark-brown (7.5YR sand is less than 3 percent and of very 
4.4), fine sand; massive brealdng to coarse sand is less than 1 percent. The 
thick, platy fragments; friable; hard solum typically is medium or slightly 

-28-

53 
57 
59 
58 
56 
56 
55 
58 
56 
63 
61 
64 

44 
51 

9 

9 
10 
11 

9 
16 
17 
19 
13 
16 
17 
18 

14 
16 

3 
2 
2 
4 
5 
4 

2 
2 
1 
0 
0 

14 
9 

4 

3 
2 
3 
8 
3 

10 
3 
8 
2 
6 
2 

7 
5 

acid, but it ranges to strongly acid in 
the upper part to neutral in the lower 
part. The Ap horizon has a lOYR hue, 
value of 3 or 4, and chroma of 1 or 2. 
It is typically a fine sand, but in some 
cases, it is loamy fine sand. It is com
monly structureless or single grain, but 
it can have a weak granular or subangular 
blocky structure. Pedons that have been 
disturbed or cultivated typically lack an 
A2 horizon. Pedons that have not been 
disturbed have an A 1 horizon 2 to 8 cm 
thick with hue of 1 OYR, value of 2 or 
3, and chroma of 1 or 2. The texture is 
loamy fine sand or fine sand. It has a 
weak granular or subangular blocky 



Undulating landscape is typical in the 
Zimmerman soil series. These areas 
were presumably forested at the time 
of settlement. The herbaceous vegeta
tion is primarily little bluestem. 

structure. The A2 horizon, 3 to 12 cm Individual soil horizons are identi-
thick, has a hue of 1 OYR, value of 4 or fied by a number of morphological 
5, and chroma of 1 or 2. Texture is properties, including color, structure, 
loamy fine sand or fine sand. It has and texture (see Soil Survey Staff, 1951, 
weak platy or subangular blocky struc- 1962). Soils are usually sampled by hori-
ture or is single grain. The B2 horizon zon. In mineral soils, thick horizons (e.g. 
has lOYR hue, value of 4 through 6, Nymore) were subsampled to determine 
and chroma of 3 through 5. Texture differences within a horizon. In organic 
is fine sand. The B2 horizons of most soils, many layers are also very thick. 
pedons have thin, heavy fine sand or Then, samples were obtained in incre-
loamy fine sand lamellae or bands. ments of 25 cm. 
They are 2 to 7 mm thick and have A mineral soil may contain consider-
hues of 1 OYR or 7 .SYR, value of 3 or able quantities of the bases Ca, Mg, K, 
4, and chroma of 4 to 6. A few large and Na. A large proportion of these are 
reddish mottles occur in some pedons tightly bound within the mineral struc-
just above these horizons. The B'2t ture and are unavailable to plants. A 
horizon has hue of 1 OYR, 7 .SY, or much smaller proportion of these bases, 
SYR and value of 3 through 5. It is H, and in some acid soils Al, are adsorbed 
typically loamy fine sand, but the range cations on the surface of organic and min-
includes very fine sand, loamy very fine eral soil colloids. Adsorbed cations are 
sand, fine sand, and fine sandy loam. The available for plant growth, and a deter-
thickness ranges from 2 to 10 cm. The mination of their quantity helps char-
B'2t horizons commonly have 2 to 3 times acterize a soil's nutrient status. This <le-
as much clay as adjacent B2, A'2, or C termination is commonly done by ex-
horizons. They are massive or have weak changing these cations (hence, exchan
platy, angular, or subangular blocky struc- geable cations) with the cations from a 
ture. When dry, they are weakly ce- salt solution or acid. Normal ammonium 
mented. The A'2 horizons have lOYR acetate (NH40Ac) buffered at pH 7 is 
hue, value of 4 through 7, and chroma the most common salt used to extract 
of 2 through 4. They have weak platy cations. This has arisen because of its 
or subangular blocky structure or are chemical suitability and because cor-
single grain or massive. The C horizon relations have been found between 
has hue of lOYR, value of 5 or 6, and plant growth and ammonium-exchange-
chroma of 2 through 4. Texture typi- able cations. In addition, this method 
cally is a fine sand, but (medium) sand has historical precedence. Exchangeable 
is within the range. The upper C hori- cations were determined in CCNHA soils 
zon is slightly acid to neutral. by extraction with NH40Ac and by ex

traction with S rC l 2. The results using 
3.23 Discussion Sr are not tabulated here, but they will 
3.231. Interpretation of laboratory data be discussed. 

Standard laboratory procedures were In general, CCNHA mineral soils have 
used to analyze the soils of CCNHA. In a low content of all exchangeable cations. 
this section, the results in tables 2 through This is because of coarse soil texture and 
10 will be interpreted. the low proportion of mineral soil col-

-29-

loids. These colloids, commonly referred 
to as clay, are generally regarded as par
ticles(0.002 mm. The importance of 
these colloids can be noted in the Zim
merman series, for example, where rela
tively larger amounts of clay in the B23t, 
B'21 t, and B'22t horizons are associated 
with larger quantities of exchangeable 
cations. In the Sartell series pedon, the 
C3 horizon, a stratum of (medium) sand, 
has fewer exchangeable cations than do 
the adjacent horizons of fine sand. The 
amount of cations extracted from the 
mineral soils with SrC 12 was nearly 
identical to that extracted with NH40Ac. 

Organic matter also contains sites for 
cation adsorption. The surface of the 
Isanti soil, which has approximately 15 
percent organic matter, has much more 
exchangeable cations than do other min
eral soil horizons. The influence of or
ganic matter is even more striking when 
the data from the organic soils is examined. 
Here the quantity of exchangeable cations 
is much higher-almost two order of mag
nitude higher in the case of Ca-than in 
the mineral soils. The difference in bulk 
densities between the two materials must 
be considered; a given weight of organic 
soil material occupies more volume than 
a similar weight of mineral soil material. 
Even on a volume basis, however, the 
organic soils have more exchangeable 
cations. In contrast to the mineral soils, 
SrC1 2 and NH40Ac differed consider-
ably in extracting ability on organic soil 
samples. Perhaps because Sr is chemi-
cally similar to Ca and Mg, it removed 
about one and one-half times more of 
these cations from the organic soils. How
ever, it actually removed slightly less K 
and Na. When the soils of CCNHA are 
contrasted to major cultivated soils in 



southern and western Minnesota, the lat- materials have a much higher propor-
ter soils fall between the extremes repre- tion of C to N than do most soils. As 
sented by the CCNHA mineral and organic this material is decomposed by micro
soils. A range of about 15-30 meq/100 g organisms, the ratio narrows. In "well
in total exchangeable bases is probably ap- managed" agricultural soil, it approaches 
propriate for these cultivated soils. from 10 to 12 to 1. A forest soil's litter 

In addition to the bases adsorbed on horizon, having undergone little decom-
soil colloids, both H, and in acid soils Al' position, may have a C/N ratio from 30 to 
are commonly adsorbed. These cations 50 or more to 1. The relatively low C/N 
are replaced with a salt solution (KCl ratios in CCNHA soils, particularly in 
was used for the CCNHA soils) and de- organic soils, is evidence of nutrient-rich 
termined in solution. The sum of the H situations with considerable decomposi-
and Al cations is "exchangeable acidity." tion occurring or having occurred. 
This value, together with the sum of ex- Phosphorus may occur in the soil in 
changeable bases, yields the cation ex- three general forms: tightly bound in 
change capacity (CEC). The CEC is a minerals or chemical compounds; loosely 
measure of the amount of chemically bound by adsorption or in soluble salts; 
active colloids in the soil. This is closely or in organic matter. In most CCNHA 
related to a soil's amount of clay and mineral and organic soils, total P value 
organic matter. Thus, CCNHA mineral is relatively high. This is presumably 
soils are low in CEC, and organic soils because of a high proportion of a phos-
are high relative to Minnesota's major phorus containing mineral (apatite) in 
cultivated soils. A soil's base saturation the sands of the Anoka Sand Plain. Ap-
is the proportion of CEC occupied by parently, some P has reached the bogs, 
exchangeable bases. This is generally carried in solution from the uplands. 
correlated with pH. The higher the base Determination of the fraction of P which 
saturation, the higher the pH. In general, is readily available to plants is difficult. 
CCHNA soils have relatively high base No widely accepted extracting solution, 
saturations. This is probably because of such as NH40Ac for cations, exists for 
the high carbonate content of the glacial extraction of P. Use of P by vegetation 
material from which the Anoka Sand is apparently strongly influenced by such 
Plain sands were derived. factors as plant species and mycorrhizal 

Both C and the N content relate to associations. Because no consensus 
the soils' organic matter. The factor exists on a suitable extractant, we ex-
1.724 is commonly used to convert C tracted P from CCNHA soils with Bray's 
content to organic matter content. The No. 1 solution. This solution has been 
correct value for this factor varies from widely used for testing soils for agri-
soil to soil, and 1.724 is an approxima- cultural and horticultural purposes. 
tion. There is no quantitative method Therefore, guidelines have been estab-
of measuring organic matter. The most lished for defining soils low, interme-
common method is an ashing technique diate, high, and very high in available P 
(as done on the organic soils). Various (for corn, for example,<5 ppm, 5 to 10 
mineral compounds may be decomposed ppm, 10 to 15 ppm, and> 15 ppm, re-
and volatilized at the temperatures nee- spectively). By this measure, CCNHA 
essary to destroy organic matter; there- soils generally are in the intermediate 
fore values deter~ned this way gener- and higher ranges of available P. 
ally overestimate organic matter content. 
Overestimation increases with increased 
ashing temperature and the type of min
eral material present. Conversely, C de
termination is analytically positive and 
widely used. In the mineral soils, the C 
content decreases with depth, and it's 
uniformly high in CCNHA organic soils. 
Minnesota prairie soils commonly con
tain 2 to 4 percent C in the A horizon, 
while forest soils contain 1 percent or 
less in a comparable thickness. 

Total nitrogen is also associated with 
organic matter and varies in a similar 
manner as C. The ratio between C and 
N is a measure of humification or de
composition of organic residues. Plant 

Bulk density of soil, or weight per 
unit volume, indicates soil's pore space 
and the amount of organic matter. The 
higher the soil's bulk density, the greater 
is the proportion occupied by mineral 
soil particles. In compact soils, bulk 
densities may reach 2. Common min
erals have much higher densities (ca. 
2.6 to 2.7). In organic soils, bulk den
sity indicates the amount of mineral 
material and degree of decomposition. 
Bulk density can be used to convert 
analytical results-usually expressed on 
a dry weight basis-to a volumetric basis. 
Bulk density is multiplied by the analyses 
reported on a weight basis with appro
priate recognition of units. Soils with 
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lower bulk densities contain fewer nu
trients per unit volume. The bulk den
sities of CCNHA mineral soils are nor
mal for sandy soils and a bit higher than 
those of finer-textured soils. At the sur
face, bulk densities are .generally lower 
because of organic matter and increased 
porosity caused by freezing and thawing 
and plant and animal activity. 

The soil's hydrogen ion activity (pH) 
is commonly measured. It's related to 
weathering (older soils generally are 
lower in pH), the vegetation (pH under 
prairie is higher than under deciduous 
trees which, in turn, is higher than under 
conifers), parent material (carbonate 
material is usually associated with higher 
pH's), and climate (higher pH's are in 
arid climates). The pH affects nutrient 
availability, and agronomists usually 
attempt to raise pH to near neutrality 
by adding lime. 

We determined pH in two ways. In 
one instance, we used deionized water, 
and in the other instance, the solution 
used was 0.01 M CaCl2 (Peech, 1965). 
The salt solution-which is increasingly 
used in soil analysis-offers several ad
vantages over water: (1) independence 
of measured pH over a wide range of 
soil to solution ratios; (2) in nonsaline 
soils, the measured value is nearly in
dependent of the initial amount of salts 
present; (3) the concentration of solu
tion is approximately equal to the con
centration of soil solution in nonsaline 
soils at optimum water content; and ( 4) 
measurement errors are minimized be
cause of flocculation associated with 
the Ca ion (Peech, 1965). Measurements 
of pH using 0.01 _M_ CaC l 2 are usually 
lower than those determined with water. 
Both the mineral and the organic soils 
of CCNHA are more basic, indicating a 
more eutrophic environment, than ap
parently similar mineral and organic 
soils occurring further north in Minne
sota. This is probably because of the 
calcareous nature of the glacial till 
from which the sands of the Anoka 
Sand Plain were derived. 

Particle size distribution-the texture 
of the soil-is extremely important. Both 
chemical and physical soil properties are 
related to texture. Generally, sandy soils 
(those dominated by larger particles) are 
warmer in spring, drier, and lower in 
nutrients than are finer-textured soils. 
CCNHA minerals are sandy, so the rela
tive proportion of the various sizes of 
sands (particles from 2 mm to 0 .OS mm) 
are important in the separation of major 
mineral soils from one another. The separ-



The Rifle soil series, derived from herbaceous plant material, occurs at the shore of 
Cedar Bog lake. In the background, the tamarack are growing on the Lupton soil 
series which is derived from woody plant material. 

ation of a soil derived from windblown 
sands, such as the Sartell, from an essen
tially waterlain soil, such as the Zimmer
man, is indicated by an increased propor
tion of larger size sands and a narrower 
range of particle size distribution in the 
Sartell. Wind has separated and blown 
away the finer particles. Furthermore, 
the even higher proportion of fine par
ticles in the Soderville soil indicates 
that its parent material may have been 
deposited by relatively slow moving or 
perhaps stationary water. 

The mineral content of the organic 
soils was determined by low temperature 
ashing. The mineral content is related 
to many properties of organic soils. As 
the degree of mineral matter increases, 
the importance of organic colloids de
creases. Soil properties, such as bulk 
density, CEC, and water holding alJility, 
become more like those of mineral soils. 
The most noteworthy point concerning 
mineral content of CCNHA organic 
soils is the relatively higher mineral con
tent of the 5 to 15 cm horizon of the 
pedon of the Seelyeville series. We 
believe this is due to accumulated wind 
blown mineral matter during the drought 
of the 1930's. Later, as additional or
ganic material accumulated, mineral con
tent again decreased. 

Because organic soil classification is 
based primarily on decomposition, la
boratory procedures have been developed 

to quantitatively measure decomposition. 
Classification has been based, in part, 
upon the proportion of organic soil 
material that is fiber(> 0.1 Smm) in the 
natural condition and the proportion of 
fibers resistant to breakdown. The two 
are termed "unrubbed" and "rubbed" 
fiber, respectively. The solubility of the 
organic fraction in a solution of sodium 
pyrosphosphate (Na4P207) also indi
cates the oxidation or humification. 
This helps distinguish between dark
colored limnic materials and sapric or 
hemic materials. From the results of 
both these tests, the CCNHA organic 
soils are mostly well-decomposed. 

Most areas of the Rifle and Lupton 
organic soils have formed by a classical 
lake filling process. At the base of the 
organic soil material in each situation 
lies limnic (postglacial) lake sediments 
(gyttja or marl or both). These sediments 
contain chemically precipitated carbo
nates, shells, and other remains of zoo
plankton, phytoplankton and other 
organisms, and inwash from the uplands. 
The calcium carbonate equivalent (CCE) 
is a measure of the quantity of carbonates 
in this material. These data show that 
the carbonate content is high, especially 
in the pedon of the Lupton series. 

3.232. Nutrient relationships 

Growth of plants on a site, or the 
relative growth of plants over several 
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sites, is related to the soil's water and 
nutrient supplying capacity. The water 
supplying capacity, within a macro
climatic area, depends on soil properties 
and on topographic position. The nu
trient supplying capacity of soils depends 
on several plant-related attributes, such 
as rooting depth and mycorrhizal associ
ations, and on basic soil properties. The 
tables of analytical results help portray 
the relative nutrient supplying capacities 
of CCNHA soils. However, the data can 
be misinterpreted, especially in com
paring organic and mineral soils. The 
results of most soil analyses-as with 
most other analyses of solids-are re
ported on a dry weight basis. Because 
the dry weights of organic and mineral 
soils differ greatly (as reflected in bulk 
densities), it is informative to consider 
this variation. A plant infiltrates a 
"volume," not a "weight," of soil with 
its roots. 

Table 11 presents the weight of vari
ous elements in CCNHA soils. Soil vol
ume on which this weight is based is 
a cube 1 m by 1 mat the surface and 
extending 1 m in depth. The data for 
Ca, Mg, and K are based on the propor
tion of those elements extractable with 
1 N NH40Ac, while C, N, and Pare 
represented by their quantity in the soil. 
Differences in bulk density have been 
considered in comparing these data. 
Most obvious is the much higher C con
tent of the organic soils. This also is 
true of N, for those two elements are 
major components of the organic matter 
composing these soils. The pedon of the 
Isanti series, which is poorly drained and 
also accumulates organic matter, is high 
in C and N. Both C and N can be biolo
gically fixed from the atmosphere; their 
presence in the organic soils is no surprise. 
Two other elements, Ca and Mg, are also 
higher in organic soils, though they are 
derived from minerals. They are probably 
not limiting in CCNHA. Apparently, 
water moving from the uplands carries 
both of these ions to the lowlands where 
they are deposited and accumulate in the 
organic soils. Potassium and P, on the 
other hand, are both biologically impor
tant elements-potentially limiting-which 
are primarily derived from minerals. 
Although K compounds are quite soluble 
and would be expected to move with wa
ter as do Ca and Mg, extractable K is low 
in the organic soils. Either biological 
activity is preventing leaching of K to the 
lowlands, or the K continues to move 
through the lowlands and is lost from 
the system. Phosphorus compounds are 



Table 11. Weights of elements in soils of CCNHA, based on a volume of soil 1 m2 
at the surface and 1 m deep. 

Exchangeable Total 
Soil series Ca Mg K c N p 

--------------------------------------------- g Im 3 __ -------------------------------------------
Mineral soils 

Isanti 332 34 27 
Lino 117 18 35 
Nymore 586 66 60 
Sartell 369 31 60 
Soderville 797 105 61 
Zimmerman 337 25 61 

Organic soils 

Lupton 2312 192 13 
Rifle 1334 85 11 
Seelyeville 1945 104 18 

less soluble than are K compounds. In 
this instance, too, lower quantities occur 
in the organic soils than in the mineral 
soils. 

The data in table 11 certainly do not 
tell the whole story concerning CCNHA 
soil productivity. Adequate, but not 
excessive, moisture is also necessary for 
good plant growth, and many CCNHA 
are excessively wet or excessively dry. 
In addition, table 11 is only based on 
the surface meter of depth. In com
paring some soils, such as the Zimmer
man and Sartell series, a tabulation to 
a greater depth would change the rela
tive values. For example to a depth of 
2 m, the Sartell pedon contains 54 7 g 
of exchangeable Ca, and the Zimmerman 
pedon contains 963 g. The difference 
arises because of the higher nutrient con
tent of the lower horizons of the Zim
merman pedon which is related to the 
presence of finer-textured bands. Plants 
which extend their roots deeply have 
more available nutrients in Zimmerman 
soils than in Sartell soils. 

3.233. Water relationships 

Soils' ability to supply water to plants 
is dependent, within a climatic area, on 
the site's topographic position and on soil 
properties. The topographic position in
fluences the quantity of water a site re
ceives from upslope and the depth to 
ground water. Soil properties that in
fluence water storage are particle size 
distribution (texture), arrangement of 
the particles (structure), and the soil's 
vertical anisotropy (horizon develop
ment). Generally, soils with a large 

21862 1287 537 
6352 425 189 
7478 649 521 
2810 313 314 
6652 628 444 
5210 227 276 

64202 3130 104 
51362 3234 112 
56468 4020 144 

proportion of small particles or high 
in organic matter will retain more water 
than will a soil with larger particles. Soil 
structure affects the amount and size of 
pores. Capillary and gravitational forces, 
interacting in this matrix, ultimately af
fect the amount of water retained. If a 
soil is composed of horizons with mar
kedly different properties (such as a 
clay horizon in a sandy soil or vice versa) 
then discontinuities between the dif
fering horizons will slow water flow and 
affect retention. 

Because both those factors related 
to topographic position and those re
lated to soil properties are interrelated 
in a complex way, the only positive way 
to determine a soil's water status is by 
periodic sampling during one, or pre
ferably several, growing seasons. Labor
atory procedures are poor substitutes 
for field assessment. However, field 
sampling is both time-consuming and 
costly. Laboratory methods have been 
developed to deduce soils' water-supplying 
power. Perhaps most common is the 
measurement of water quantity retained 
by a sample subjected to a range of 
forces. Work has shown that the 
amount of water present when plants 
permanently wilt is approximated by 
the amount retained by the soil against 
a force of 15 atmospheres (bars). This 
is usually the lower limit; water retained 
beyond this point is unavailable to 
plants. The 15-atmosphere water con
tent appears to be little affected by soil 
structure or horizon arrangement, so its 
determination in the laboratory is straight
forward. 
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The upper limit is much more difficult 
to determine. At this water content, 
structure and horizon arrangement are 
very important. Soil ~cientists generally 
agree that the upper limit of water avail
able to most plants is at field capacity. 
Field capacity ·can only be determined 
in the field. It's the quantity of water 
remaining in the soil after drainage by 
gravity. Operationally, field capacity 
can be determined by saturating a site, 
allowing covered soil to drain for about 
3 days, and then determining the water 
content. Essentially no drainage will 
take place in saturated systems, such as 
the organic soils of CCNHA. Attempts 
have been made to relate measured field 
capacity to laboratory determinations. 
It's best to use an undisturbed (structural 
arrangement retained as it was in the 
field) soil sample. The amount of water 
a sample retains at a force from 0.1 to 
0.333 bars, depending on texture, is a 
crude approximation of field capacity. 
In many soils, including those of CCNHA, 
it's almost impossible to obtain an un
disturbed sample. The loose sand of 
CCNHA does not cohere well enough to 
remain "undisturbed." Attempts have 
been made to assess water retention 
characteristics from disturbed samples, 
but in this case, there is no consensus 
of the force necessary to duplicate 
field capacity. 

To characterize CCNHA soils, we 
have determined field capacity for se
lected horizons of major soils. In the 
case of organic soils and poorly drained 
mineral soils, these data are actually the 
water content at or near saturation. We 
have also determined the water release 
characteristics of disturbed samples over 
a wide range of force. These data are 
in table 12. In most instances, field 
capacity is higher than, but perhaps 
best approximated by, the 0.1 bar value. 
In those instances where it deviates ap
preciably from this value, a high water 
table or vertical discontinuity has af
fected field capacity. In figure 2, these 
data are summarized graphically. Curve 
A is the mean and associated standard 
error of all sampled organic soils except 
one, the Seelyeville 5 to 15 cm horizon 
(which is curve B). Curve Dis the mean 
and standard error of all mineral sam
ples, including one soil sampled but not 
reported (another pedon of the Lino 
series), but excluding the A horizon of 
the Isanti series (curve C). Because of 
their tremendous range (from 430 to 
2.5), it's necessary to use a log scale to 
adequately represent these data. Water 
percentages are usually computed on 



Table 12. Water content at field capacity measured in the field and water content at several suctions (forces) measured in the 
laboratory for samples of the major soil series of CCN HA. 

Water Content 
Field Force (bars) 

Soil Series Depth capacity 0.10 0.33 0.5 5 15 

(cm) ------------------------------------------------------------------------------------------- (% oven-dry weight) ................................................................... 

Mineral soils 

Isanti 0-23 27.0 68.4 36.8 35.8 37.9 25.1 22.2 
48-76 19.5 7.7 4.1 4.1 3.3 2.2 2.0 

Lino 0-20 8.8 6.7 3.9 3.6 3.3 2.4 2.1 
46-61 10.5 4.4 2.8 2.5 2.3 1.7 1.6 

Ny more 0-23 8.4 8.0 4.8 4.3 4.0 2.9 2.6 
104-132 7.3 6.9 2.3 2.2 2.0 2.4 2.0 

Sartell 0-18 7.6 7.3 4.9 3.9 3.1 2.3 2.1 
35-71 8.2 5.6 3.5 3.4 2.8 2.1 1.8 

Soderville 0-28 16.6 7.7 6.4 5.8 5.4 3.7 3.3 
46-89 17.3 14.4 6.7 5.8 4.9 3.3 3.0 

127-165 21.4 24.4 7.3 6.3 5.4 4.0 3.6 

Zimmerman 0-18 10.1 7.5 4.4 4.2 3.4 2.3 2.1 
38-71 6.8 5.5 2.6 2.3 1.9 1.3 1.2 

115-120 14.3 14.3 6.7 6.0 5.2 4.1 3.9 
120-132 12.8 6.0 2.9 2.7 2.2 1.7 1.6 
132-137 13.3 10.5 5.2 4.5 4.1 3.3 3.2 

Organic soils 

Lupton 0-25 513.5 378.6 257.6 218.9 178.9 105.4 99.0 
25-50 525.0 411.2 297.8 263.6 241.3 109.6 99.2 
50-75 536.9 414.6 294.3 262.1 228.6 110.5 86.0 
75-100 553.6 431.2 299.9 269.4 269.9 117 .7 92.9 

Rifle 0-25 777.2 421.6 269.4 279.0 237.2 128.8 115.6 
25-50 719.7 441.9 279.2 261.2 221.8 113.5 90.3 
50-75 663.3 480.9 302.8 320.7 309.0 121.9 97.6 
75-100 580.3 451.4 319.0 296.4 315.8 127.8 101.3 

Seelyeville 0-5 575.7 403.6 242.5 224.1 200.7 119.3 84.4 
5-15 423.6 266.7 123.6 120.7 81.5 46.4 34.5 

15-40 706.5 379.1 245.3 240.2 210.4 83.2 89.7 
40-60 614.3 476.3 299.3 267.9 267.8 114.1 104.8 
80-100 580.3 430.1 307.2 287.6 313.1 142.3 131.9 
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Figure 2. Water release characteristics of the soils of CCNHA. Curve A, samples for Lupton, Rifle, and Seelyeville series, mineral 
content 20 percent, N=12. SE plotted. Curve B, Seelyeville 5-15 cm layer, mineral content 51 percent. Curve C, 
Isanti 0-23 cm horizon, mineral content 85 percent. Curve D, samples from Isanti, lino, Ny more, Sartell, Soderville, 
and Zimmerman series, mineral content 99 percent, N=17, SE plotted. 
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Shrubby and herbaceous vegetation is 
growing on the Rifle soil series which 
is a Histosol. 

an oven dry weight basis. Organic soils 
retain much water and have a low bulk 
density. Therefore the percentage of 
water retained is usually over I 00 per
cent. The volumetric water content 
(less than I 00 percent within the limits 
of experimental error) can be determined 
by multiplying the water content (based 
on oven dry weight) by the bulk density. 

Curves Band C were plotted separately 
in figure 2 because they represent soils 
of intermediate composition in terms of 
mineral and organic matter proportions 
(B is 51 percent mineral while C is 85 
percent mineral). Variation in the water 
retention characteristics of CCNHA 
soils is primarily from the relative pro
portion of organic and mineral matter. 
The higher the content of organic mat
ter, the more water the soil retains 
against force. If a wider range of par-
ticle size distributions were in CCNHA 
mineral soils, then that, too, would 
strongly affect water retention. For 
example, a pedon of Hayden loam, 
with approximately 30 percent clay 
in the B horizon, retains 23 percent 
water at 0.33 bars and 15 percent at 
15 bars. A pedon of Synnes silty clay 
loam, with approximately 60 percent 
clay in the Cl horizon, retains 34 per
cent moisture at 0.33 bars and 22 per
cent at 15 bars (Soil Survey Staff, 1966). 
However, the major factor affecting 
water retention characteristics of 
CCNHA soils is the relative proportion 
of organic matter. 

3.24. Classification of soils 

The soil classification now used in 
the United States was adopted by the 
National Cooperative Soil Survey in 
1965. It was first published in 1960 

(Soil Survey Staff) and has undergone 
several revisions. The current edition 
is Soil Taxonomy (Soil Survey Staff, 
1973). Before Soil Taxonomy, soils 
were classified into broad groups based 
on presumed genesis. It became appar
ent that a reproducible, quantitative 
system was necessary rather than one 
based on presumed history. In the new 
system, the bases for classification are 
observable and measurable soil proper
ties. Primarily, the properties are chosen 
so that soils of similar genesis are grouped. 

The nomenclature of the new system 
may be confusing. It's based on Greek 
and Latin roots used as prefixes and suf
fixes, depending on the system's level 
of abstraction. Several roots may be 
linked to form one or two words cor
responding to a certain level of abstrac
tion. The resulting words may be un
familiar, but they convey considerable 
information. Six levels of abstraction 
are recognized in Soil Taxonomy. Be
ginning with the most general, these 
are order, suborder, great group, sub
group, family, and series. Ten orders 
are defined, and 6 orders occur in 
Minnesota. The definitive properties 
for each of those 6 orders follow. The 
orders are listed by priority. A soil 
whose properties meet more than one 
definition is assigned to the order listed 
first. Thus, each definition beyond the 
first should correctly be read as " ... are 
other soils . . . " 

Histosols 

Histosols are soils with a surface 
layer of organic soil material more than 
40 cm thick. Histosols formed primar
ily in bogs; they are extensive in central 
and northern Minnesota. These soils 
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were previously called peat, muck, or 
bog soils. They were placed in either 
the Bog or Half Bog great soil group 
of the earlier classification system. 

Spodosols 

Spodosols have a subsurface horizon 
with appreciable translocated organic 
matter and iron and aluminum oxides. 
That horizon is called "spodic." These 
soils formed under forest vegetation. 
They are minor in Minnesota, occuring 
only in small areas in northeastern Min
nesota. They were placed in either the 
Podzol or Brown Podzolic great soil 
group of the previous system. 

Mollisols 

Mollisols have a thick, dark-colored, 
nutrient-rich, surface horizon called a 
mollic epipedon. These are major soils 
in Minnesota's prairie region. Most were 
placed in either the Brunizem, Chernozem, 
or Humic-Gley great soil group of the 
former system. 

Alfisols 

Alfisols have a subsurface horizon 
with appreciable translocated silicate
clay minerals. This horizon is called 
"argillic." They are the major soils in 
Minnesota's forested regions. They were 
mostly placed in either the Gray-Brown 
Podzolic or Gray Wooded great soil 
group of the earlier system. 

Inceptisols 

Inceptisols either have (I) only a 
moderately developed subsurface hori
zon with texture of loamy very fine 
sand or finer that resulted from leachmg 
of readily soluble materials, or slight ac-



cumulations of organic matter or silicate 
clay, or oxidation or reduction of ma
terials, or some combination of those 
processes; or (2) have a thin surface 
layer of organic soils material; or both 
(1) and (2). The first horizon is called 
"cambic" and the second is called "his
tic." These soils formed primarily un-
der mixed deciduous-coniferous forest 
on some kinds of moderately coarse
textured glacial materials in northeastern 
Minnesota. They were placed in either 
the Brown Podzolic, Podozol, Low-Humic 
Gley, or Regosol great soil group of the 
previous system. 

Entisols 

Entisols are weakly developed, and 
they lack any of the kinds of horizons 
definitive of the orders listed above. 
They occur primarily in flood plains, 
very steep slopes, or in coarse-textured 
materials. They were placed in either 
the Alluvial, Regosol, or Lithosol great 
soil group of the previous system. 

CCNHA soils represent five orders. 
Of the orders in Minnesota, only Spodo
sols were not found. A discussion fol
lows of placement of major soils into 
the system (see table 13 for soil series 
placement, both in Soil Taxonomy and 
the-previous system). 

The Anoka and Soderville soil series 
are within the order Alfisol. They are 
both Boralfs, i.e., they occur in cool 
climates with a mean annual tempera
ture less than 45°F (Gr. boreas, north
ern) and are freely drained (as opposed 
to Aqualfs, L. aqua, water). Both series 
are in the same great group: Eutroboralfs, 
or Boralfs with a high degree of base 
saturation in the argillic horizon (from 
eutrophic). Because of differences in 
water regime., the two series are in dif
ferent subgroups. The Anoka series is 
in Typic Eutroboralfs because it lacks 
a water table within the solum. The 
Soderville series is periodically saturated 
with water in the lower part of the 
solum; it's placed in Aquic Eutroboralfs. 
The Anoka series is in the family of 
coarse-loamy, mixed, Typic Eutroboralfs, 
whereas the Soderville series is in the fam
ily of sandy, mixed, Aquic Eutroboralfs. 
Both soils have low amounts of clay (less 
than 18 percent) in the argillic horizon. 
The Soderville series contains less clay 
in that horizon than does the Anoka 
series. Both soils have argillic horizons 
of mixed mineralogy. 

The Lino, Nymore, Sartell, and Zim
merman series are Entisols (recent). They 

are in the suborder Psamments because 
they are sandy (Gr. psammos, sand) and 
freely drained, and they are in the great 
group Udipsamments because they occur 
in a moist climate (L. udus, humid). The 
Nymore and Sartell series are both in 
the same subgroup and family: mixed, 
frigid, Typic Udipsamments. They are 
"typical" Udipsamments with no wet
ness or translocated clay in their B hor
izon. They have mixed mineralogy and 
a cool temperature. At the series level, 
they are primarily distinguished from 
one another on the thickness and color 
of the A horizon. The Nymore series 
has a thicker, dark-colored A horizon. 
The Nymore series, on the basis of this 
A horizon, is marginal to the order 
Mollisols, and some soils included in 
mapping units of the Nymore series 
may be Mollisols. The Zimmerman 
series has thin bands in the B horizon 
(B2t horizon) that have some properties 
of an argillic horizon. However, they 
are, in aggregate, too thin to qualify for 
that horizon. This series is within the 
subgroup Alfie Udipsamments which 
are Udipsamments intergrading to 
Alfisols. The Lino series is periodically 
saturated with water in the lower part 
of the sol um. It is in Aquic U dipsam
ments. 

Histosols in the survey area are the 
Lupton, Markey, Rifle, and Seelyeville 
series. Major suborders are recognized 
by degree of decomposition of the or
ganic soil material within the middle 
portion of the control section for thick 
Histosols or within the middle and up
per portions of the control section for 
thin Histosols. The control section for 
most Histosols is from the surface to a 
depth of 130 cm. The Lupton, Markey, 
and Seelyeville series are in the suborder 
Saprists. This is because they mostly 
have sapric material in those zones. The 
Rifle series is in Hemists3 because it has 
mostly hemic material in those depth 
zones. The soil temperature regime is 
indicated at the great group. The Lup
ton, Markey, and Seelyeville are in 
Borosaprists, and the Rifle series is in 
Borohemists (again Gr. boreas, northern). 
The Lupton and Seelyeville series are in 
the same subgroup and family: euic, 

3The diagnostic criteria for distinguishing 
sapric from hemic material are undergoing 
testing. By the present criteria, at least 
some Rifle soils in the survey area would 
qualify as Saprists. Changes in definitions 
are expected as more information is col
lected. 
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Typic Borosaprists. They are in the 
Typic subgroup ("typical") because 
they have organic soil material extend
ing deeper than 130 cm. They are in 
the euic family reaction class because 
they have a high degree of base satu
ration throughout. They are distin
guished from each other at the series 
level primarily by the nature of the 
fiber. In the Lupton series, the fiber 
is mostly woody. In the Seelyeville 
series, the fiber is mostly herbaceous. 
The Markey series is in the subgroup 
of Terrie Borosaprists because it has a 
mineral soil substratum. (L. terra, earth) 
beginning between depths of 40 and 
130 cm. It is in the family of sandy or 
sandy skeletal, euic, Terrie Borosaprists 
because it has a sandy substratum. The 
Rifle series is in the Typic Borohemists 
because of its thick layer of organic soil 
material in which hemic material domin
ates and because it lacks a mineral sub
stratum within 130 cm. 

The Braham series is the survey area's 
only example of Inceptisols. It's in the 
suborder Ochrepts (Gr. ochros, pale) be
cause it has a thin A 1 horizon and is 
freely drained. At the great group, it 
is in Eutrochrepts because of its high 
base saturation. It's in the subgroup 
Arenic Eutrochrepts because it has a 
50 to 100-cm thick sandy mantle (L. 
arena, sand). It's in the family of sandy 
over loamy, mixed, frigid, Arenic Eutro
chrepts because loamy material under
lies the sandy mantle, mineralogy is 
mixed, and soil temperature is moderately 
cold. Actually, the part of the B horizon 
in the loamy material is between a cam
bic and an argillic horizon. Thus, the 
Braham series is near the border between 
Inceptisols and Alfisols. 

The Isanti series is in the order Mol
lisols. It is in the suborder Aquolls be
cause, most years, it is saturated with 
water during significant parts of the 
growing season. The placement at the 
great group is Haplaquolls because it 
has no other diagnostic horizon. For 
example, Aquolls with an argillic hori
zon are in the great group Argiaquolls. 

. At the subgroup level, the series quali
fies for Typic Haplaquolls because it 
has a moderately thick mollic epipedon. 
The Isanti series is in the family of 
sandy, mixed, frigid, Typic Haplaquolls. 
The inclusions of Mollisols within the 
Nymore mapping unit, mentioned earlier, 
would probably be Udorthentic Haplo
brolls (L. UDus, humid; recENT; Gr. 
HAP/ous, simple or minimum; Gr. 
BOReas, northern; L. mOLLis, soft). 



The sequence of soils along the perimeter of Cedar 
Bog lake includes the Rifle soil series at the fringe 
along the water's edge, the Zimmerman soil series on 
the ridge in the background, and the Lupton soil 
series in the forested area between the two. 

Table 13. Classification of soil series in the CCNHA survey area according to Soil Taxonomy and the former system. 

Soil Taxonomv Former System 
' 

Great 
Series Family - -·-Sll bgrou p Great Group Suborder Order Soil Group 

Anoka Coarse-loamy, Typie Eutroboralfs Eutroboralfs Boralfs Alfisols Gray-Brown 
mixed Podzolies 

Braham Sandy over loamy, Arenie Eutroehrepts Eutroehrepts Oehrepts lneeptisols Gray-Brown 
mixed, frigid Podzolies(?) 

Isanti Sandy, mixed, Typie Haplaquolls Haplaquolls Aquolls Mollisols Humie Gleys 
frigid 

Lino Mixed, frigid Aquie Udipsamments Udipsamments Psamments Entisols Regosols 

Lupton Euie Typie Borosaprists Borosaprists Saprists Histosols Bog Soils 

Markey Sandy or sandy Terrie Borosaprists Bo rosa prists Saprists Histosols Bog Soils 
skeletal, euie 

Ny more Mixed, frigid Ty pie Ud ipsamments Udipsamments Psamments Entisols Rego sols 

Rifle Euic Typie Borohemists Borohemists He mists Histosols Bog Soils 

Sartell Mixed, frigid Typie Udipsamments Udipsamments Psamments Entisols Regosols 

Seelyeville Euie Typie Borosaprists Borosaprists Saprists Histosols Bog Soils 

Soderville Sandy, mixed Aquie Eutroboralfs Eutroboralfs Boralfs Alfisols Gray-Brown 
Podzolies 

Zimmerman Mixed, frigid Alfie Udipsamments Ud i psamments Psamments Entisols Regosols 
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Table 14. Approximate extent of the mapping units in the CCNHA survey area. 

Mapping Unit 

Symbol Name Extent (ha) 

Af Alluvial land, frequently flooded 84 

AnA Anoka loamy fine sand, 0 to 4 percent slopes 20 

BrB Braham loamy fine sand, 2 to 6 percent slopes 16 

It Isanti loamy sand, 0 to 1 percent slopes 198 

Lb Lake beaches 12 

LnA Lino fine sand, 0 to 4 percent slopes 194 

Lx Lupton muck 259 

Ma Markey muck 87 

Mc Marsh 93 

NyB Nymore sand, 0 to 6 percent slopes 532 

NyC Nymore sand, 6 to 15 percent slopes 22 

Rf Rifle mucky peat 512 

SaB Sartell fine sand, 0 to 6 percent slopes 289 

Sac Sartell fine sand, 6 to 15 percent slopes 115 

Se Seelyevil le muck 146 

SoA Soderville loamy fine sand, 0 to 4 percent slopes 36 

ZmB 
ZmC 

3.25 Detailed soil map 

3.251 Descriptions of mapping units 

This section describes each mapping 
unit in the survey area. The name, map 
symbol, and extent of each mapping 
unit are in table 14. Refer to section 
3.211 which deals with field-investiga
tion procedures before using this section 
and the detailed map. Several facts 
about mapping units should be under
stood before using the detailed map. 
First, the description of a mapping unit 
is a composite of all individually deline
ated bodies of that unit. Thus, the in
cluded soils indicated in the description 
are not necessarily present in all deline
ations of that unit. Second, for the 
mapping scale, the soil series in the map
ping unit name occupies at least 80 per-

Zimmerman fine sand, 0 to 6 percent slopes 
Zimmerman fine sand, 6 to 15 percent slopes 

Water 

cent of each delineation of that mapping 
unit. Inclusions of other soils may 
occupy as much as 20 percent of an 
individual delineation. Thus, soil at a 
specific point may be different than 
the series in the mapping unit name. 
Reasonable inference about this can be 
made by studying the landscape in rela
tion to the description of the mapping 
unit. More precisely, the soil can be 
determined by examining its profile. 
Third, an individual series has a range, 
though rather narrow, in several char
acteristics. This range for each major 
series in the survey area is given in sec
tion 3.22. Refer to that section when 
considering possible properties of a 
series at a particular point. For the 
minor series-Anoka, Braham, and 
Markey-brief statements about the 
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1,338 
299 

152 

Total 4,404 

range are given in the mapping unit 
descriptions. Fourth, some of the names 
of mapping units are different from 
those in the soil survey report of Isanti 
County (Farnham et al., 1959) and the 
forthcoming report of Anoka County 
(Chamberlain et al., 1975). The main 
reasons for this are differences in pur
poses of the surveys, changes in con
cepts with time, and because soils in 
this survey area did not have the full 
range in properties for the series and 
were named differently. Fifth, certain 
features are shown with special symbols 
in the detailed map. An example is a 
symbol for a "blow out" in some deline
ations of mapping units of the Sartell 
series. These symbols are listed on the 
legend on the detailed map and described 
on the inside back cover. 



This i_s the valley of ?edar ?ree~. The li~hter-colored area along Cedar Creek-in the middle of the photo-is a mapping unit of 
Alluvial land. The Rifle soil series occupies the area with shrubby and herbaceous vegetation. The Zimmerman soil series is in 
the forested uplands. 

Alluvial land, frequently flooded (Af) 

This mapping unit occurs only on 
the flood plain of Cedar Creek. It mostly 
has plane, level slopes, but gently sloping 
convex and concave areas associated with 
old meander channels and oxbows are 
present. The soils are quite variable. 
Most consist of alternating layers of 
sandy mineral soil material and organic 
soil material. Some are sandy through
out but lack a developed profile. Others 
consist entirely of organic soil material 
and are similar to the Markey or Seelye
ville series except that they contain more 
mineral material. Cedar Creek appears 
to be an aggrading stream in the survey 
area. Our observations in the channel 
indicate that as much as 1.5 m of stra
tified, rather loose sediments overlies a 
firmer, uniformly sandy substratum. 

Anoka loamy fine sand, 0 to 4 percent 
slopes (AnA) 

This mapping unit occurs only in the 
northwest portion of the survey area. It 
has complex slopes, and most are plane 
and convex in shape. The Anoka series 
is on those positions. In the Anoka 
series, the depth to the first B2t horizon 

ranges from 60 to 100 cm. The B2t hor
izon commonly has several bands sepa
rated by A2 horizons. Common texture 
of the B2t horizons is fine sandy loam 
or very fine sandy loam. Composite 
thickness of the individual B2t horizons 
is 15 to 100 cm. Some soils are similar 
to the Anoka series, but have a thicker 
dark-colored A horizon and occur in 
some shallow depressions and swales. 
Small areas of the Zimmerman series 
are on some convex slopes, and small 
areas of the Soderville series are on 
some lower lying plane or concave 
positions. 

Braham loamy fine sandy, 2 to 6 percent 
slopes (BrB) 

This mapping unit is of limited ex
tent; it occurs only in the northwest 
portion of the survey area. It has com
plex slopes, but most are convex with 
some plane slopes. The Braham series 
occupies such slopes. The thickness of 
solum ranges from 60 to 110 cm. The 
depth to horizons formed in glacial till 
ranges from 50 to 100 cm. Small areas 
of the Zimmerman series are included 
on some convex slopes. Some soils are 
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similar to the Braham series, except 
that they are wetter. They occupy 
some depressions, swales, and low lying 
plane slopes. A few areas similar to the 
Braham series are included in the unit. 
These soils differ from the Braham 
series because they have horizons in 
glacial till beginning at a shallower depth. 

Isanti loamy sand, 0 to 1 percent slopes 
(It) 

This mapping unit primarily has con
cave and plane slopes and is in depressions, 
narrow rims around areas of organic soils, 
and narrow shallow drainageways. The 
Isanti series in this unit has the full range 
of described characteristics. A few small 
areas of the Markey and the Lino series 
are included in the mapping unit. The 
former principally is on the more con-
cave positions or in the central parts of 
some depressions and drainageways. The 
latter is mostly on low rises. 

Lake beaches (Lb) 

This nearly level to gently sloping 
mapping unit occupies narrow shoreline 
areas around Fish Lake. These areas 
commonly are 25 to 100 m in width. 



They have few, if any, soil horizons. 
Dominant textures are sand, coarse sand, 
and gravelly coarse sand. Most lake 
beaches are very poorly to somewhat 
poorly drained. In some areas, ice and 
wave action have formed distinct slo
ping ridges that are 1 to 2 m high and 
1 to 10 m wide; such ridges are higher 
above the water table and have better 
internal drainage. 

0.5 to 1.5 m of water during most of 
the year. It also occupies borders around 
some lakes. Vegetation is cattails, reeds, 
and sedges. Soil materials are variable, 
and no dominant soils series was recog
nized. The materials are limnic, organic 
soil, and mineral soil material. Areas of 
the Markey or Isanti series are along the 
outer fringes of some delineations of 
this unit. 

Lino fine sand, 0 to 4 percent slopes (LnA) Nymore sand, o to 6 percent slopes (NyB) 

Th~s mapping unit primarily has plane This mapping unit primarily has plane 
and shgh~ly conve~, nearly level slopes. and slightly convex, nearly level and 
It occupies low_lymg broad _flats and small gently sloping slopes. It occurs on broad 
s~allow ~epress10ns and dramageway~. The areas in the western and central parts of 
Lmo sen~s ~as the full range of descnbed the survey area. The Nymore series has 
characteristics. A few small areas of the the full range of described characteristics. 
Zimmerman and Sartell series occur on Areas of this series with a thinner A hori-
some conve~ slopes. A few ~mall a~eas zon primarily are adjacent to delineations 
of the Isanti and Markey senes are m- of the Sartell and Zimmerman series. A 
eluded in the unit, and most of these 
inclusions are shown with a special sym
bol(~). 

Lupton muck (Lx) 

This mapping unit has plane or slightly 
concave, nearly level slopes. It occurs 
primarily on the outer fringe of larger 
bogs. Commonly, the surface of this 
unit is hummocky. The hummocks are 
as much as 1. 5 m in diameter, and the 
relief is as much as 50 cm. This unit 
has more slope than any other mapping 
unit of Histosols. Gradients are as much 
as 2 percent in some places. The Lupton 
series has the full range of described char
acteristics. A few soils similar to the Lup
ton series, except for having one or more 
thin layers of bog iron in the upper 25 
cm, are included in the unit. Such soils 
are primarily on upper portions of hum
mocks. A few small areas of the Markey 
series are also included. These occur 
primarily as fringes between the Lupton 
series and the mineral soil uplands. 

Markey muck (Ma) 

This mapping unit has plane or slightly 
concave, nearly level slopes. It occurs 
primarily in small bogs and around the 
periphery of larger bogs. The Markey 
series has 40 to 130 cm of highly decom
posed organic soil material (sapric ma
terial) over a sandy mineral substratum. 
A thin mineral soil is in the upper part 
of the mineral substratum. Small areas 
of the Isanti, Rifle, or Seelyeville series 
occur in some delineations. 

Marsh (Mc) 

This mapping unit mostly occupies 
shallow depressions covered by about 

few small areas of soils similar to the Ny
more series, except that they are slightly 
wetter, are included in the unit. Such 
soils are in shallow depressions and have 
mottles at depths as shallow as 50 cm. 

Nymore sand, 6 to 15 percent slopes (NyC) 

This mapping unit primarily has convex 
slopes. It occupies rather narrow fringes 
adjacent to lower lying areas of wetter 
soils. The Nymore series has the full range 
as described, but the solum is mostly in 
the thinner end of the range. A few small 
areas of the Lino or Isanti series occupy 
the footslopes of some delineations of 
this unit. 

Rifle mucky peat (Rf) 

This mapping unit primarily has 
plane level slopes. It occurs in larger 
bogs in the uplands and in the Cedar 
Creek valley adjacent to the alluvial land. 
This unit has less slope than any other 
mapping unit of Histosols. The Rifle 
series has the full range of defined pro
perties. Small areas of the Lupton, 
Markey, and Seelyeville series are in
cluded in some delineations of this 
unit. Some soils are included that have 
coprogenous earth (limnic material) 
beginning at depths as shallow as 25 cm. 
An example is in the bog located about 
200 m south and 50 m west of the north
east corner of the NW%, Sec. 22, T. 34 
N., R. 23 W. 

Sartell fine sand, 0 to 6 percent slopes 
(SaB) 

This mapping unit has complex, nearly 
level, and gently undulating slopes. Most 
slopes are convex, but some are plane and 
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concave. This unit primarily occurs in 
the central and south central part of the 
survey area. The Sartell series primarily 
occupies the plane and convex slopes. It 
has the full range of described character
istics. Small depressions with the Lino 
and Isanti series are included in some 
delineations. These are shown with a 
special symbol ( ~ ). Some shallow de
pressions and swales also contain soils 
similar to the Sartell series, except they 
have a thicker, dark-colored A horizon 
or mottles in the lower part of the B 
horizon or both. These are also shown 
with a special symbol ( ~). A few small 
areas of the Zimmerman series also oc
cur in some of this unit's delineations. 

Sartell fine sand, 6 to 15 percent slopes 
(SaC) 

This mapping unit has complex, roll
ing and hilly slopes. Most slopes are 
convex, but some are concave and plane 
The slopes are short and irregular. This 
unit primarily occurs in the south cen
tral part of the survey area and along 
the western side of Fish Lake. The Sar
tell series primarily occupies the convex 
and plane slopes. It has the full range of 
described characteristics, but the solum 
is mostly in the thinner end of the range. 
"Blowouts" are a common feature; they 
are indicated by a special symbol (\:J). 
Small depressions with the Lino and 
Isanti series are included in the unit and 
are shown with a special symbol ( ¢ ). 

Seelyeville muck (Se) 

This m'apping unit has plane or slightly 
concave slopes. It occurs primarily in 
broad upland drainageways. The Seelye
ville series has the full range of described 
characteristics. Small areas of the Mar
key and Rifle series are included in some 
delineations. The Markey series occurs 
primarily as a narrow fringe along the 
periphery of delineations that join the 
mineral soil uplands. The Rifle series 
is commonly in less sloping parts of 
some delineations. 

Soderville loamy fine sand, 0 to 4 percent 
slopes (SoA) 

This mapping unit primarily has 
slightly convex to slightly concave 
slopes. It occurs in small, shallow 
drainageways and depressions and 
low, broad flats. The Soderville series 
has the full range of described charac
teristics. Included in this mapping unit 
are small depressions containing the 
Isanti series. These are shown with a 
special symbol ( ~ ). Also included are a 



ABOVE: This blowout is in a mapping unit of the Sartell soil series. Most of the 
area now occupied by the Sartell series once had active dunes. 

BE LOW: Flat, low-lying topography is characteristic of the Soderville soil series. 
The trees in the distant background are on the Zimmerman soil series, and the 
shrubby depression to the right contains the Isanti soil series. 
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few small spots of the Lino series and a 
few small areas of soils similar to the 
Soderville series except that they are less 
wet and have mottled colors beginning at 
a greater depth. 

Zimmerman fine sand, 0 to 6 percent 
slopes (ZmB) 

This mapping unit primarily has 
plane and slightly convex, level and 
gently undulating slopes. It occurs on 
broad areas throughout the survey area. 
The Zimmerman series has the full 
range of described characteristics. 
Some delineations include a few small 
areas of the Sartell series, while others 
include small depressions with the Lino 
or Isanti series which are shown with a 
special symbol ( ~). 

Zimmerman fine sand, 6 to 15 percent 
slopes (ZmC) 

This mapping unit has complex roll
ing and hilly slopes. Most slopes are 
convex, but some are concave or plane. 
The Zimmerman series has the full range 
of described properties, but the solum is 
mostly in the thinner end of the range. 
Because of erosion, some of the Zimmer
man series in cultivated fields have a 
lighter-colored A horizon. Included in 
some ·delineations may be small areas 
of soils similar to the Zimmerman series 
except for a thicker, dark-colored A 
horizon. Also included may be small 
areas of the Sartell series or small de
pressions with the Lino and Isanti series. 
These are shown with a special symbol 
(~). 

3.252. Map 

The detailed soil map is in the folder 
in the back. Refer to descriptions of 
the mapping units when using the map. 
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VI. GLOSSARY 

This glossary was compiled from several 
sources, but primarily from: 
( 1) 1970. Glossary of Soil Science 

Terms. Soil Science Society of 
America. Madison, Wis. 27 p. 

(2) 1972. Glossary of Terms in Soil 
Science. Canada Department of 
Agriculture, Publication 1459.66 p. 

(3) 1973. Soil Taxonomy. U.S. 
Dept. Agr. Handbook 436. 

Some terms in the glossary are de-
fined qualitatively or sem iquantita
tively. Complete quantitative de
finitions are described in the above 
references. 
A horizon-see horizon, soil. 
Acidity-see reaction, soil. 
Alluvium-Soil material, such as sand, 

silt, or clay-deposited on land by 
streams. 

Association, soil-(i) A group of defined 
and named taxonomic soil units occur
ring together in an individual and char
acteristic pattern over a geographic 
region, comparable to plant associa
tions in many ways. (Sometimes 
called "natural land type."). (ii) A 
mapping unit used on general soil 
maps. In this unit, two or more de
fined taxonomic units occurring to
gether in a characteristic pattern are . 
combined because the map's scale or 
the purpose of the map does not re
quire delineation of individual soils. 

B horizon-see horizon, soil. 
Bar-A unit of pressure equal to one 

million dynes per square centimeter. 
Base saturation percentage-The extent 

to which a soil's adsorption complex 
is saturated with exchangeable cat
ions other than hydrogen and alu-

minum. It's expressed as a percen
tage of the total cation exchange 
capacity. 

81-0wout-A small area where soil mate
rial has been removed by wind. 

Bog-Permanently wet land having low 
bearing strength and containing or
ganic soils (Histosols), synonymous 
with peatland. 

Bulk density-The mass of dry soil per 
unit bulk volume. The bulk volume 
is determined before drying to a con
stant weight at 105 C. 

Bulk volume-The volume-including 
the solids and the pores-of a soil 
mass. 

C horizon-see horizon, soil. 
Cation exchange capacity-The total 

exchangeable cations a soil can ad
sorb. Sometimes called "total ex
change capacity," "base exchange 
capacity," or "cation adsorption 
capacity." Expressed in milliequi
valents per 100 grams of soil (or of 
other adsorbing material such as 
clay). 

Cemented-see consistence, soil. 
Chroma-The relative purity, strength, 

or saturation of a color. It's directly 
related to the dominance of the de
termining wavelength of light and 
inversely related to grayness. It's 
one of the three variables of color. 
See also Munsell color system; hue; 
and value. 

Clay-As a soil separate, the mineral 
soil particles less than 0.002 mm in 
diameter. As a soil textural class, 
soil material that is 40 percent or 
more clay, less than 45 percent sand, 
and less than 40 percent silt. 
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Clay films-Clay coat~ngs on the 
surfaces of soil peds and mineral 
grains and in soil pores. (Also 
called clay skins, clay flows, 
illuviation cutans, argillans, or 
tonhautchen.) 

Coarse texture-synonymous with sandy, 
see sandy. 

Color, soil-see Munsell color system. 
Consistence, soil-The feel of the soil 

and the ease with which a lump can 
be crushed by the fingers. Terms 
commonly used to describe consis
tence are: 
Loose-Noncoherent; does not hold 
together in a mass. 
Friable-When moist, crushes easily 
under gentle pressure between thumb 
and forefinger and can be pressed 
together into a lump. 
Firm-When moist, crushes under 
moderate pressure between thumb 
and forefinger, but resistance is dis
tinctly noticeable. 
Plastic-When wet, readily deformed 
by moderate pressure, but it can be 
pressed into a lump; will form a "wire" 
when rolled between thumb and fore
finger. 
Sticky-When wet, adheres to other 
material and tends to stretch some
what and pull apart rather than to 
pull free from other material. 
Hard-When dry, moderately resis
tant to pressure; is broken with dif
ficulty between thumb and forefinger. 
Soft-When dry, breaks into powder 
or individual grains under very slight 
pressure. 
Cemented-Hard and brittle; little 
affected by moistening. 



Control section-The vertical section 
upon which the taxonomic classifi
cation of a soil is based. The con
trol section generally extends to a 
depth of 100 cm in mineral soils 
and to 130 cm or 160 cm in organic 
soils. 

Coprogenous earth-see limnic material. 
Diagnostic horizons-Soil horizons or 

materials designated as differentiae 
in the higher categories of SoH Tax
onomy. 

Drainage, soil-Refers to the conditions 
of frequency and duration of satura
tion or partial saturation that existed 
during soil development. Seven dif
ferent classes of soil drainage are 
recognized. 

Excessively drained soils are commonly 
very porous and rapidly permeable. 
They have a low waterholding capacity. 
Somewhat excessively drained soils are 
very permeable and are free from 
mottling throughout their profile 
Well-drained soils are nearly free from 
mottling and commonly have inter
mediate texture. 
Moderately well-drained soils com
monly have a sfowly permeable layer 
in or immediately beneath the solum. 
They have uniform color in the A and 
upper B horizons and have mottling 
in the lower B and the C horizons. 
Somewhat poorly drained soils are 
wet for long periods but not all the 
time. 
Poorly drained soils are wet for long 
periods and are light-gray and gener
ally mottled from the surface down
ward, although mottling may be 
absent or nearly so in some soils. 
Very poorly drained soils are wet 
nearly all the time. They have a 
dark-gray or black surface layer and 
are gray or I ight-gray, with or with
out mottling, in the deeper parts of 
their profiles. 

Fertility, soil-The status of a soil in 
relation to the amount and availa
bility to plants of elements neces
sary for plant growth. 

Fibers-In defining organic soil materials, 
fibers are pieces or fragments of plant 
tissue, excluding live roots, that are 
large enough to be retained on a 100-
mesh sieve (0.15 mm openings) and 
that retain recognizable cell structure. 

Fibric-see organic soil material. 
Fine texture-Consisting of or containing 

large quantities of the fine fractions, 
particulary silt and clay. It includes 
the textural classes sandy clay, silty 
clay, and clay. 

Friable-see consistence, soil. 
Gleyzation-A soil-forming process, 

occurring under poor drainage condi
tions, which results in the reduction 
of iron and other elements and in 
gray colors and mottles. 

Gyttja-A Swedish word, pronounced 
"yuetya." A nutrient-rich limnic 
material or postglacial lake sediment 
consisting mainly of plankton, other 
plant and animal residues, and min
eral material. It's deposited in water 
in a finely divided condition. Synon
ymous with coprogenous earth (soil 
science). 

Hemic-see organic soil materials. 
Histosols-see organic soils. 

Horizon, soil-A layer of soil or soil ma
terial approximately parallel to the 
land surface and differing from adja
cent genetically related layers in 
physical, chemical, and biological 
properties or characteristics such 
as color, structure, texture, consis
tency, kinds and numbers of organ
isms present, degree of acidity or 
alkalinity, etc. The following table 
I ists the designations and properties 
of major soil horizons. Very few, 
if any, soils have all these horizons 
well-developed, but every soil has 
some of them. 

a. Horizons of mineral soil materials: 
A 1-Horizons formed or forming at 

or adjacent to the surface. The 
emphasized feature is an accumu
lation of humified organic matter 
intimately associated with the 
mineral fraction. 

A2-Horizons in which the emphasized 
feature is loss of clay, iron, or alum
inum, with resultant concentration 
of quartz or other resistant minerals 
in sand and silt sizes. 

A3-A transitional horizon between 
A and B and dominated by pro
perties characteristic of an overlying 
A 1 or A2, but having some subor
dinate properties of an underlying 
8. 

8-Horizons in which the dominant 
feature or features is one or more 
of the following: (i) an illuvial 
concentration of silicate clay, iron, 
aluminum, or humus, alone or in 
combination; (ii) a residual con
centration of sesquioxides or sili
cate clays, alone or mixed, that 
has formed other than by solution 
and removal of carbonates or more 
soluble salts; (iii) coatings of ses
quioxides adequate to give conspic-
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uously darker, stronger, or redder 
colors than overlying and under
lying horizons in the same sequum 
but without apparent illuviation or 
iron and not genetically related to 
B horizons that meet requirements 
of (i) or (ii) in the same sequum; 
or (iv) an alteration of material 
from its original condition in se
quums lacking conditions defined 
in (i), (ii), and (iii) that obliterates 
original rock structure, that forms 
silicate clays, liberates oxides, or 
both, and that forms granular, 
blocky, or prismatic structure if 
textures are such that volume 
changes accompany changes in 
moisture. 

B 1-A transitional horizon between 
8 and A 1 or between B and A2 
where the horizon is dominated 
by properties of an underlying 
82 but has some subordinate pro
perties of an overlying A 1 or A2. 

82-That part of the B horizon where 
the properties on which the 8 is 
based are without clearly expressed 
subordinate characteristics that 
indicate that the horizon is tran
sitional to an adjacent overlying 
A or an adjacent underlying C. 

83-A transitional horizon between 
B and C in which the properties 
diagnostic of an overlying 82 are 
clearly expressed but are associated 
with clearly expressed propertieS' 
characteristic of C. 

C-A mineral horizon or layer, ex
cluding bedrock, that may be like 
or unlike the material from which 
the solum is presumed to have 
formed. It's relatively little af
fected by pedogenic processes and 
lacks properties diagnostic of A or 
B but includes materials modified 
by: (i) weathering outside the 
zone of major biological activity; 
(ii} reversible cementation, devel
opment of brittleness, development 
of high bulk density, and other 
properties characteristic of fragi
pans; (iii) gleying; (iv) accumula
tion of calcium or magnesium car
bonate or more soluble salts; (v) 
cementation by accumulations 
such as calcium or magnesium 
carbonate or more soluble salts; 
or (vi) cementation by alkali
soluble siliceous material or by 
iron and silica. 

b. Horizons of organic soil materials: 
0-Horizons of organic soil material. 
Oa-Horizons of sapric organic soil 

material. 



De-Horizons of hemic organic soil 
material. 

Qi-Horizons of fibric organic soil 
material. 

c. Horizons of mineral or organic soil 
materials: 
L-Horizons of limnic materials. 
Lea-Horizons of marl. 
Leo-Horizons of coprogenous earth. 

Hue-One of the three color variables. 
It's caused by light of certain wave
lengths and changes with the wave
length. See also Munsell color system, 
chroma, and value. 

lacustrine deposit-Material deposited 
in lake water and later exposed, either 
by a lowered water level or by uplifted 
land. These sediments range in tex
ture from sands to clays. 

limnic material-(Soil science) Materials 
deposited in postglacial lakes. These 
materials are primarily chemical and 
biological precipitate or slightly to 
mostly decomposed aquatic organ
isms or both. They may either qual
ify as organic or as mineral soil ma
terials. Major kinds of limnic mater
ials are: 
Coprogenous earth-It comprises 
materials commonly called dy, gyttja, 
sapropel, copropel, and sedimentary 
peat. It is a layer of limnic material 
that: 
*has moist color value of less than 5 

(Munsell color designation); 
*forms a slightly viscous suspension 

in water and rs slightly plastic or 
shrinks on drying to form clods that 
are difficult to rewet and that com
monly crack along horizontal planes; 

*yields saturated Na4P207 extracts 
higher than 7 in value and lower than 
3 in chroma (both Munsell color 
designation). 

Marl-This is a layer of I imnic materi
al that consists mostly of CaC03 and 
that has moist color value of 5 or 
more (Munsell color designation). 

loamy-Intermediate in texture and has 
properties between fine-textured and 
coarse-textured soils. It includes the 
textural classes of sandy loam, sandy 
clay loam, silt loam, loam, silt, silty 
clay loam, and clay loam. 

Mantle-The upper sediment when the 
contact of two parent materials or 
sediments is within a depth of about 
2 m or less. 

Marl-see limnic materials. 

Medium texture-Intermediate between 
fine-textured and coarse-textured soils. 
Synonymous with loamy. See loamy. 

Mineral soils-Soils (with few exceptions) 
that lack altogether or have a layer of 
organic soil material less than 40 cm 
in thickness and that otherwise con
sist of mineral soil materials. 

Mineral soil materials-Soil materials that 
either: 
( 1) are never saturated with water for 

more than a few days and have 
less than 20 percent organic car
bon (organic matter is equal to 
about 1.7 times organic carbon); or 

(2) are saturated with water for pro
longed periods or artificially drained 
and have: 
a. less than 18 percent organic car
bon if the mineral fraction is 50 
percent or more clay; or 
b. less than 12 percent organic car
bon if the mineral fraction has no 
clay; or 
c. proportional organic carbon con
tents if the clay content is inter
mediate. 

Other soil materials are considered 
organic. 

Morphology, soil-(i) The physical con
stitution, particularly the structural 
properties of a soil profile such as 
the kinds, thickness, and arrangement 
of the horizons, and the texture, 
structure, consistence, and porosity 
of each horizon. (ii) The structural 
characteristics of soil or any of its 
parts. 

Mottling, soil-Irregularly marked with 
spots of different colors that vary in 
number and size. Mottling usually 
indicates poor aeration and lack of 
drainage. Descriptive terms are: 
Abundance-few, common, and many; 
size-fine, medium, and coarse; and 
contrast-faint, distinct, and prominent. 
The size measurements are these: fine
less than 5 mm in diameter along the 
greatest dimension; medium-ranging 
from 5mm to 15 mm in diameter 
along the greatest di mens ion; and 
coarse-more than 15 mm in diameter 
along the greatest dimension. 

Muck-Synonymous with sapric material. 
See organic soil material. 

Mucky peat-Synonymous with hemic 
material. See organic soil material. 

Munsell color system-A color designa
tion system specifying the relative 
degrees of the three simple color 
variables: hue; value; and chroma. 
For example, 1 OYR 6/4 is the color 
of a soil having a hue of 10YR, 
value of 6, and chroma of 4. These 
notations can be translated into sev-
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eral systems of color names. See 
also chroma, hue, and value. 

0 horizon-See horizon, soil. 
Organic soils-(synonymous with Histosols) 

Soils (with few exceptions) having a 
layer of organic soil materials that ex
tends from the surface to depths of at 
least 40 cm. 

Organic soil materials-Soil materials 
that either: 
( 1) are saturated with water for long 

periods or are artificially drained, 
and, excluding live roots, have (a) 
at least 18 percent organic carbon 
if the mineral fraction is 50 per
cent or more of clay; or (b) have 
at least 12 percent organic carbon 
if the mineral fraction has no clay; 
or (c) have proportional interme
diate organic carbon contents if 
the clay fraction is intermediate; 
or; 

(2) are never saturated with water 
for more than a few days and 
have at least 20 percent organic 
carbon. 

The major organic soil materials that 
formed primarily from rooted plants 
are: 
Fibric soil materials-These are the 
least decomposed of all organic soil 
materials. They contain large amounts 
of fiber which is well-preserved, and 
their botanical origin is readily identi
fiable. These materials commonly 
have bulk density values less than 0.1, 
fiber contents (unrubbed) exceeding 
two-thirds of the volume, and water 
contents-when saturated-ranging 
from about 850 to over 3000 percent 
of the oven-dry material. 
Hemic soil materials-In decomposi-
tion, these are intermediate between the 
less decomposed fi bric and the more de
composed sapric materials. They have 
morphological features with intermediate 
values for fiber content, bulk density, 
and water contents. They are partly al
tered both physically and biochemically, 
and their geographic distribution is 
widespread. Colors are commonly 
dark grayish-brown to dark reddish
brown. The fibers are largely des-
troyed when the wet organic material 
is rubbed. Bulk density values are 
commonly between 0.1 and 0.2; fiber 
contents normally are between one-
third and two-thirds of the volume 
before rubbing; and maximum water 
contents, when saturated, range from 
about 450 to 850 percent or more. 
Sapric soil materials-These are the 
most highly decomposed of the or-



ganic soil materials. They are com
monly very dark-gray to black in 
color. They are relatively stable, 
i.e., they change very little physi
cally and chemically with time in 
comparison to others. They com
monly occur on the surface of many 
areas of organic soils (Histosols) that 
have been drained and cultivated. In 
undrained bogs, they occur on areas 
rich in calcium, particularly if the 
water table fluctuates appreciably. 
Bulk density values for these mater
ials commonly are 0.2 or more; fiber 
contents average less than one-third 
of the volume before rubbing; and 
maximum water contents, when satu
rated, normally are less than 450 per
cent on the oven-dry basis. 

Outwash-Sediments washed out by 
flowing water beyond the glacier and 
laid down as stratified drift in thin, 
fore set beds. The particle size may 
vary from boulders to silt. 

Parent material-The horizon of weathered 
rock or partly weathered soil material 
from which soil has formed; horizon 
C in the soil profile. 

Particle-size analysis-The determination 
of the various amounts of the differ
ent separates in a soil sample, usually 
by sedimentation, sieving, micrometry, 
or combinations of these methods. 

Particle-size distribution-The amounts 
of the various soil separates in a soil 
sample, usually expressed as weight 
percentages. 

Peatland-(synonymous with bog) Land 
covered with any kind of organic soil 
(Histosol). 

Peat-As used in the U.S., it generally is 
synonymous with fibric, hemic, sapric, 
or any combination of those organic 
soil materials. However in some usage, 
it's synonymous with relatively unde
composed or fibric material. 

Pedon-A three-dimensional body of soil 
with lateral dimensions large enough 
to permit the study of horizon shapes 
and relations. Its area ranges from 1 
to 10 square meters. Where horizons 
are intermittent or cyclic and recur 
at linear intervals of 2 to 7 m, the 
pedon includes one-half of the cycle. 
Where the cycle is less than 2 m or all 
horizons are continuous and of uni
form thickness, the pedon has an area 
of approximately 1 square meter. If 
the horizons are cyclic, but recur at 
intervals greater than 7 m, the pedon 
reverts to the 1 square meter size, and 
more than one soil will usually be repre
sented in each cycle. 

Permeability-The quality of a soil hori
zon that enables water or air to move 
through it. Terms used to describe 
permeability are: very slow; slow; 
moderately slow; moderate; moder
ately rapid; rapid; and very rapid. 

Profile, soil-A vertical section of the 
soil through all its horizons and ex
tending into the parent material. 

Reaction, soil-The degree of acidity or 
alkalinity of a soil, usually expressed 
as a pH value. Descriptive terms com
monly associated with certain ranges 
in pH are: extremely acid,< 4.5; 
very strongly acid, 4.5-5.0; strongly 
acid, 5.1-5.5; moderately acid, 5.6-
6.0; slightly acid, 6.1-6.5; neutral, 
6.6-7.3; slightly alkaline, 7.4-7.8; 
moderately alkaline, 7 .9-8.4; strongly 
alkaline, 8.5-9.0; and very strongly 
alkaline,">9.1. 

Relief-The elevations or inequalities of 
a land surface, considered collectively. 

Sand-Individual rock or mineral fragments 
in soils having diameters ranging from 
0.05 to 2 mm. The textural class name 
of any soil that contains 85 percent 
or more sand and not more than 10 
percent clay. 

Sandy-Coarse-textured soils including 
the textural classes of fine sand, sand, 
coarse sand, loamy fine sand, loamy 
sand, and loamy coarse sand. A soil 
consisting mostly of one or more of 
these textures. 

Sapric-see organic soil material. 
Series, soil-The lowest level in Soil 

Taxonomy, a subclass of a family. 
The soil series is a group similar in 
all major profile characteristics and 
whose members influence plant growth 
similarly. 

Silt-Individual mineral particles that 
range in diameter from the upper limit 
of clay (0.002 mm) to the lower limit 
of very fine sand (0.05 mm). Soil of 
the silt textural class is 80 percent or 
more silt and less than 12 percent clay. 

Soil-(i) The unconsolidated material 
on the earth's immediate surface 
that is a natural medium for growth 
of rand plants. (ii) The naturally oc
curring, unconsolidated material on 
the earth's surface that has been in
fluen·ced by parent material, climate 
(including the effects of moisture 
and temperature), macro- and micro
organisms, and topography, all acting 
over time to produce soil that may 
differ from the material from which 
it was derived in many physical, 
chemical, mineralogical, biological, 
and morphological properties. 
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Solum (plural sola)-The upper part of 
a soil profile, above the parent ma
terial, where the processes of soi I 
formation are active. The solum in 
mature soil includes the A and B 
horizons. Generally, the character
istics of the material in these hori
zons are unlike those of the under
lying material. The living roots and 
other plant and animal life charac
teristic of the soil are largely confined 
to the solum. 

Structure, soil-The arrangement of pri
mary soil particles into compound 
particles or clusters that are separated 
from adjoining aggregates and have 
properties unlike those of an equal 
mass of unaggregated primary soil 
particles. The principal forms of soil 
structure are-platy (laminated); 
prismatic (vertical axis of aggregates 
longer than horizontal); columnar 
(prisms with rounded tops); blocky 
(angular or subangular); and granu
lar. Structureless soils are ( 1) sin-
gle grain (each grain by itself, as in 
dune sand); or (2) massive (the par
ticles adhering together without any 
regular cleavage). 

Texture, soil-The relative proportions 
of sand, silt, and clay particles in a 
mass of soil. The basic textural 
classes, in order of increasing pro
portion of fine particles, are: sand; 
loamy sand; sandy loam; loam; silt 
loam; silt; sandy clay loam; clay 
loam; silty clay loam; sandy clay; 
silty clay; and clay. The sand, 
loamy sand, and sandy loam classes 
may be further divided by specifying 
"coarse," "medium," "fine," or 
"very fine." 

Till-Unstratified glacial drift deposited 
directly by the ice and consisting of 
clay, sand, gravel, and boulders inter
mingled in any proportion. 

Toposequence-A sequence of related 
soils that differ from one another 
primarily because of the soil forma
tion factor of topography. 

Value-The relative lightness or intensity 
of color. It's approximately a func
tion of the square root of the total 
amount of light. One of the three 
variables of color. See also Munsell 
color system, hue, and chroma. 

Water retention curve-A graph showing 
soil-water percentage (by weight or 
by volume) versus applied tension or 
pressure. Points on the graph are usu
ally obtained by increasing or decreas
ing the applied tension or pressure 
over a specified range. 
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Four of the authors-left to right, D.F. Grigal, L.M. Chamberlain, E.R. Gross, and D.V. Wroblewski-perform detailed soil sam
pling at the Cedar Creek Natural History Area. The probe truck is used to extract soil cores for quick examination. (Photo is 
courtesy of USDA Soil Conservation Service.) 

Agricultural Experiment Station University Of Minnesota 



Symbol 
Af 
AnA 
BrB 
It 
Lb 
LnA 
Lx 
Ma 
Mc 
NyB 
NyC 
Rf 
SaB 
Sac 
Se 
So A 
ZmB 
ZmC 

Soil Legend 
Name 
Alluvial land, frequently flooded 
Anoka loamy fine sand, 0 to 4 percent slopes 
Braham loamy fine sand, 2 to 6 percent slopes 
Isanti loamy sand, 0 to 1 percent slopes 
Lake beaches 
Lino fine sand, 0 to 4 percent slopes 
Lupton muck 
Markey muck 
Marsh 
Nymore sand, 0 to 6 percent slopes 
Nymore sand, 6 to 15 percent slopes 
Rifle mucky peat 
Sartell fine sand, 0 to 6 percent slopes 
Sartell fine sand, 6 to 15 percent slopes 
Seelyeville muck 
Sodervil le loamy fine sand, 0 to 4 percent slopes 
Zimmerman fine sand, 0 to 6 percent slopes 
Zimmerman fine sand, 6 to 15 percent slopes 

Special Symbols 
Definition 

Small area of Histosols. 
Small area of the Lino Nymore, Sartell, or Zimmer

man series. 
Small depression of moderately well or better-drained 

mineral soils. 
Small depression of poorly or very poorly drained 

mineral soils, primarily the Isanti series. 
Active or recently active blowout. 
Small area with steeper slope but same series as in 

name of mapping unit. 
Small, natural drainageway. 
Drainage ditch. 
Perennial stream. 
Location of pedon that was sampled for laboratory 

analyses. 
Section corner. 
Section number. 
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GENERAL SOIL MAP 
Cedar Creek Natural History Area, Minnesota 

Soil Associations 

ITJ Nymore association: Dark-colored, level, excessively 
drained soils formed in medium sand-textured outwash sediments. 

[2] Rifle-Lupton association: Dark-colored , level , very 
poorly drained soils formed in thick deposits of organic 
soi I materials . 

~ Sartell association: Light-colored, undulating to hilly, 
excessively drained soils formed in fine sand-textured out
wash and aeolian sediments . 

..... - ----... @) Zimmerman association : Light-colored, 

2 

gently undulating, excessively drained soils 
formed in fine sand-textured outwash sedi
ments. These soils contain finer -textured 
bands in the B horizon . 

(Map "Cedar Cree k Natural History 
Area and Environs" prepared by 
Mark Hurd Aerial Surveys, Inc. 
was used as a base map. ) 
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GEN ERAL SOIL MAP 
Anoka Sand Plain, Minnesota 
Soil Associations* 
Anoka Sand Plain (Sand Plain Outwash) 

~ Zimmerman- Isanti association (fine sands) 

Nymore association (medium sands) ~ -
[a Rifle-Isanti association (organic soil mat erials and fine sand) 

Adjacent Areas 
[l] Hubbard association (Mississippi Valley outwash) 
[J] Omega-Milaca association (St. Croix River Valley outwash) 
@] Dalbo-Brickton association (Glacial Lake Grantsburg sediments) 

[fil Hayden-Bluffton association (Grantsburg sublobe till) 
ffi] Chetek-Emmert association (Superior lobe outwash) 

CZ] Milaca-Ronneby association (Superior lobe till) 

lli] Brainerd-Prebish association (Rainy lobe till) 
N 

i 
Scale 1: 500,000 

5 0 5 10 km 
1 .. I el I I 

* Refer to text for further definition of these units. 
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