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INTRODUCTION 

Information is lacking on the soils and landscape 
characteristics of large areas of Minnesota. Many plan
ning agencies simply have to go without information need
ed for their work. Detailed soil surveys published on a 
scale of 1:20,000 are being made by United States Depart
ment of Agriculture, Soil Conservation Service (USDA, 
SCS) in cooperation with the Minnesota Agricultural Ex
periment Station to fill this need, but because they cannot 
be supplied rapidly enough for broad planning, the Soil 
Atlas is being developed. It is not intended to replace 
detailed soil survey reports, which are essential for plan
ning the use of smaller pieces of land. Detailed soil survey 
work, not available in published form has been gathered 
and supplemented to compile the St. Paul Sheet of the 
Minnesota Soil Atlas. 

Until detailed soil surveys are available for all Minne
sota counties, broad planning can be facilitated by the 
eleven sheets to be published in the Minnesota Soil Atlas 
series (see inside cover) . As detailed soil surveys become 
available, the broad view of large planning areas will still 
be necessary. These series of maps are being published 
with explanatory texts for each sheet in the state. For 
uniformity the Atlas Sheets are being published on the 
same scale as the U.S. Geological Survey topographic 
maps and other maps prepared by the Minnesota Geologi
cal· Survey. Sometimes one quadrangle is combined with 
part of another: the St. Paul Sheet contains the St. Paul 
quadrangle and parts of the Mason City, La Crosse, and 
Eau Claire quadrangles. 

The St. Paul Sheet, the third in the series to be pub
lished, encompasses approximately 6,633,320 acres in 
southeastern Minnesota: from the Iowa-Minnesota state 
line to 45o north latitude and from the Wisconsin-Minne
sota state line to 94 o west longitude and including parts 
or all of 24 counties. Soil surveys have been published on 
21 counties of this sheet but six are more than 30 years 
old and out of print. Appendix B indicates the extent of 
modern detailed soil surveys in this area. 

HOW THE MAP WAS PREPARED 

The base map was prepared from the St. Paul quad
rangle and parts of Mason City, La Crosse, and Eau Claire 
quadrangles, by the U. S. Geological Survey, Department 
of Interior. The scale of 1:250,000 or about :1,4 inch to 1 
mile, makes it possible to show areas as small as 1 square 

mile. Contour intervals of 50 feet indicate some of the 
topography. 

Soil landscape delineations were developed from 4-inch 
to 1-mile detailed surveys made by Soil Conservation 
Service, U.S. Department of Agriculture (USDA) where 
available. Published surveys of Carver, Dakota, Dodge, 
Faribault, Fillmore, Le Sueur, Mower, Nicollet, Scott, 
Wabasha, Waseca, Washington, Winona, and Wright coun
ties were also used. Field work was necessary where no 
detailed soil survey existed. 

In the effort to provide a generalized map for the user 
with minimum soils knowledge, soils were grouped into 
soil landscape units based on the following factors: 

1. Texture of the soil material below 5 feet into sandy 
( S) ; loamy or silty (L) ; and bedrock (R). 

2. Texture of the material above 5 feet, or a significant 
part of it, into sandy (S); loamy or silty (L); and clayey 
(C). 

3. Drainage with moderately well, well, and excessively 
drained designated (W); and somewhat poorly, poorly, 
and very poorly drained designated (P). Units with (W) 
designation will normally have water tables below the 
rooting zone and units with (P), water tables commonly 
within the rooting zone. 

4. Color of surface soil with dark color designated 
(D); and light color designated (L). 

Thus, the Clariont series would appear on the map as 
LLWD and would be interpreted from the map as a dark
colored, well-drained loamy soil over loamy material (in 
this instance loamy glacial till). Downs, Port Byron, and 
Ostrander would also appear as this landscape unit. Some 
areas on the map do not have a four letter symbol of a 
soil landscape unit. These are land types such as P for 
peat or muck, M for marsh, R for rockland, A for flood
plains, SSR for steep, stony, rocky land, UC for unclassi
fied city land, and M-D for mines and dumps. 

Twenty geomorphic areas are delineated to illustrate 
broad physiographic features and to provide some identifi
cation as to the nature of parent materials on which the 
soils have developed (table 1). Several geomorphic areas 
will extend into adjoining Atlas Sheets. Soil landscape 
units are mostly delineated within the geomorphic areas. 
The soil series which occur within a soil landscape unit 
commonly differ among gemorphic areas. Tables 2 
through 21 include principal soil series, when known. 

t Brief descriptions of named soils in the region are in Appendix 
A. 
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MISSISSIPPI VALLEY OUTWASH (29)* 

This region encompasses approximately 448,862 acres 
or 6.8 percent of the St. Paul Sheet. 

The Mississippi Valley Outwash consists of nearly level 
terraces and bottoms along the Mississippi River and some 
of its tributaries. The water table is normally deeper than 
10 feet on the terraces, but on the bottom lands is be
tween the surface and 6 feet deep. The region contains 
some 19 lakes, each 160 acres or larger and totaling 
40,900 acres. Lake Pepin, formed by the damming of the 
Mississippi River by the Chippewa River, is the largest, 
extending nearly 40 miles and varying from 1 to 3 miles 
in width (figure 1). Some lakes were formed by dams in 
the Mississippi. 

The terraces are frequently a good source of gravel, 
consequently many large gravel pits are located there. 

Most of the soils on the terraces range from loamy 
sand to a loam or silt loam less than 30 inches thick over 
sand and gravel. The water holding capacity ranges from 
low to moderate. Bottomland soils, mostly loam or silt 
loam in texture, are subject to occasional to frequent 
flooding. 

The original vegetation on the terraces was prame 
grass. On the bottomlands, river bottom forest consisting 
of elm, ash, cottonwood, boxelder, basswood, soft maple, 
willow, and hackberry was the original vegetation. The 
terraces are mostly tilled with corn, soybeans, rye, sun
flowers, and alfalfa-brome hay as the main crops. Bottom
lands are about 75 percent in forest and the remainder in 
corn (figure 2) . 

Ten soil landscape units are mapped in the region: 
SLWD, A, SSWD, SSWL, SLPD, P, M, SLWL, RLWD, 
and LL WL. Some city land was left unclassified. Table 2 
lists selected characteristics of the units. Additional infor
mation for some units follows: 

SL WD-This unit includes 5 to 10 percent loamy 
sand soils. About 5 percent of the unit is poorly drained. 

A-This unit includes about 5 percent small islands of 
sandy terrace soils. The bottoms range from well to moder
ately well-drained loam or silt loam soils to poorly drained 
silty clay soils. Near the rivers, where flooding is frequent, 
the soil materials are mixed, ranging from sand and gravel 
to c!ay. 

SSWD-Sandy loam, loam or silt loam soils 24 to 36 
inches thick comprise 10 to 20 percent of this unit. 

* Numbers in parentheses refer to geomorphic area number sym
bols as they appear on the St. Paul Sheet. 

SSWL-Peat bogs and low wet soils make up about 
10 percent of this unit. 

SLPD-Approximately 10 percent of this unit is 
marshy peat bogs. 

P--Small sandy islands which make up about 5 to 10 
percent of this unit are included. 

M-These areas adjoin the lakes on the river bottom 
and are usually covered with water from 1 to 4 feet deep. 

RL WD-Old land forms of limestone and sandstone 
projecting through the outwash plain are common. 

Table 1. Acreage estimates of geomorphic areas within the St. Paul Sheet 

Percent 
No. Name Acres of sheet 

32 Minnesota Valley Outwash .............. 111,124 1.7 
33 Lonsdale-Lerdal Till Region, Clayey, Rolling 319,678 4.8 
34 Waconia-Waseca Moraine, Loamy, Rolling . . 891,244 

r, Strongly Rolling 73,306 

36 Northfield-Myrtle Moraine, Silty, Gently Rolling 157,755 2.4 
37 Claremont-Lyle Plain, Silty, Level ......... 152,978 2.3 
38 Kenyon-Taopi Plain, Silty, Undulating ...... 838,879 11.1 

41 Rochester Drift Plain ................... 125,150 
42 Wells-Rush River Ground Moraine, 

Cl Level ...................... . 

45 Twin Cities Formation, Loamy, Rolling ..... 178,006 
46 Minnesota Lake Plain, Clayey . . . . . . . . . . . . 93,396 

Total ........................... 6,633,320 

1.9 

2.7 
1.4 
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Table 2. Selected features of soil landscape units within the Mississippi Valley Outwash (29) geomorphic region 

Soil 
landscape 

unit . 

Percent 
geomorphic 

region 

A .............. 29 

SSWL . . . . . . . . . . . 4 

SLPD . . . . . . . . . . . 2 

M . . . . . . . . . . . . . . 1 

RLWD ........... t* 

Water . . . . . . . . . . . 9 

• t =trace. 

Most common 
texture and thickness (feet) 

Moisture 
relationships 

Inches of 

Approximate 
fertility in 

rooting zone Major 
soil series 

Landscape 
position 

Rooting zone Substratum available water Drainage pH p K 
to 5 feet class 

nearly level 
stream bottom 
and low loam or silt 
terraces loam (2-4) 

nearly level 
to gently rolling loamy sand 
outwash plain (1-3) 

nearly level loam or silt 
outwash plain loam (2-3) 

loam or silt 
loam (4 +) 

sand and 
gravel (3-20 +) 

sand and 
gravel (3·20 +) 

low lying 
depressions 

either peat or either peat or 
mineral soil mineral soil 

old land form; 
"island" in loam or silt 
rolling plai~ loam (2-4) 

limestone or 
sandstone 
bedrock ( 4 +) 
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Huntsville 
Colo 

well to poorly Arenzville 
4-12 drained 5.6·7.8 variable variable Unnamed 

< 4 well drained 5.1-6.0 high 

4-8 poorly drained 6.1-7.8 low 

1·4 feet of 
water on 
surface marshy 

4-8 well drained 5.1-6.5 high 

low 

low 

Plainfield 
Zimmerman 

Biscay 
Kato 
Marshan 

Rockton 
medium Copas 



This encompasses an area or 
11 acres or 1. 7 Oif the St. Paul Sheet. 

The Cannon level 
terraces and bottoms 
River. The water table is than 10 feet on 
the terraces, but on the bottomlands occurs between the 
surface and 6 feet deep. The contains two 

and Cannon Lake (figure 3), to~ 

acres. 
a good source of gravel 

and many are located there. 
lVIost of the soils on the terraces range from loamy 

sand to silt loam less than 36 inches thick over sand and 
The ranges from low to 

moderate. Bottomland soils are to occasional to 
frequent flooding, sometimes with significant sediment ad
ditions (figure 4). Most are loam or silt loam in texture. 

The original 
prairie grass occ~1sional 
hardwoods consisting of elm, 

soft and hackberry vvere the 
original cover. The terraces are ·with corn, soy-

oats, rye, and alfalfa-brome Bottomlands have 
about 40 percent corn and the rest is pasture or woodland. 

Nine soil landscape units in this 
A, SLPD, LLWD, and 

M. Table 3 Iists selected characteristics of the units. Addi
tional information for some units follows: 

SLWD-This unit includes 10 to 15 percent of 
sand soils, Some of these areas are indicated sand spot 

About 5 percent of this unit has to bed-
rock soils indicated rock outcrop symbols. Poorly 
drained soils make up than 5 percent 

SSWD-Sandy loam, or silt loam soils 24 to 36 
inches thick about 10 percent of this unit 

A-Small islands of 
in this unit indicated 
islandS 10 nPrN'nt 

terrace soils are included 
These so-called 

SLPD-Approximately 10 percent of this unit is 
marshy bogs. 

P-SmaH sandy islands which make up about 5 per
cent of this unit are included. 

bedrock soils indicated by rock ou.tc>:op 

RLWD-Old land forms of limestone and sandstone 
projecting through the outwash are included. 

M-This area adjoins Cannon Lake and is usually 
covered with water from 1 to 4 feet deep. 
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Table 3. Selected features of soil landscape units within the Cannon Valley Outwash (30) geomorphic region 

Soil 
landscape 

unit 

Percent 
geomorphic 

region 
Landscape 
position 

nearly level to 

Most common 
texture and thickness (feet) 

Rooting zone Substratum 

gently rolling loamy sand sand and 

Moisture 
relationships 

Inches of 
available water Drainage 

to 5 feet class 
pH 

Approximate 
tertii ity in 

rooting zone 

p 

low to 

K 

Major 
soil series 

SSWD ........... 25 outwash plain (1·3) gravel (3·20 +) < 4 well drained 5.1·6.5 medium low 

Hubbard 
Sparta 
Estherville 

nearly level loam or silt 
SLPD . . . . . . . . . . . 6 outwash plain loam (2·3) 

nearly level 
to gently rolling loamy sand 

SSWL . . . . . . . . . . . 5 outwash plain (1·3) 

gently rolling loam to clay 
LLWD . . . . . . . . . . . 1 to rolling upland loam (4) 

Water . . . . . . . . . . . 3 

• t =trace. 

sand and 
gravel (3·20 +) 

sand and 
gravel (3-20 +) 

loam to clay 
loam (4+) 
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4·8 poorly drained 6.1·7.8 low 

< 4 well drained 5.1·6.0 high 

low to 
8·12 well drained 5.1·6.5 high 

low 

Biscay 
Kato 
Mars han 

Plainfield 
low Chelsea 

low to Ostrander 
medium Racine 



CEDAR VALLEY OUTWASH (31) 

This region has an area of approximately 118,123 
acres or 1.8 percent of the St. Paul Sheet. 

The Cedar Valley Outwash consists of nearly level 
outwash plains, terraces, and bottomlands along the head
water tributaries of the Cedar River. The water table is 
normally deeper than 10 feet on the outwash and terraces, 
but on about one-third of the area is less than 3 feet from 
the surface. The bottomland water table occurs between 
the surface and a depth of 6 feet. Three lakes, each 160 
acres or more in size and totaling 1,860 acres, are located 
in the region. 

The terraces and outwash plains are frequently a good 
source of gravel, consequently many large gravel pits are 
located there. 

Most of the soils on the terraces and outwash range 
from loamy sand to loam or silt loam less than 36 inches 
thick over sand and gravel. The waterholding capacity 
ranges from low to moderate. Bottomland soils are subject 
to frequent flooding. Most are loam or silt loam in texture. 

The original vegetation on the terraces and outwash 
was dominantly prairie grass with occasional oak clumps. 
Bottomland hardwoods consisting of elm, ash, cottonwood, 
boxelder, basswood, soft maple, willow, and hackberry 
were the original cover. The terraces and outwash are 
cropped with corn, soybeans, oats, and alfalfa-brome hay. 
Peat areas are cropped to potatoes. Bottomlands have 
about 25 percent corn and the rest, pasture or woodland. 

Twelve soil landscape units are mapped in this region: 
SLPD, SLWD, A, P, SSWD, LLPL, SLWL, SLPL, SSWL, 

LLPD, LLWL, and LLWD. Table 4lists selected charac
teristics of the units. Additional information follows: 

SLPD-About 10 to 15 percent of this unit is well 
drained. Less than 5 percent of the well-drained portion 
has a loamy sand surface. 

SLWD-About 10 percent of this unit is poorly 
drained. Another 5 percent has a loamy sand surface. 

A-Small so-called islands of sandy terrace soils are 
included in this unit indicated by sand spot symbols. These 
islands approximate 10 percent of the unit. 

P-Small islands of well-drained mineral soils are in
cluded in this unit. These do not constitute more than 10 
percent. 

SSWD-Sandy loam, loam, or silt loam soils 24 to 36 
inches thick comprise about 10 percent of this unit. 

LLPL-The soils of this unit are developed on an 
island of till within the outwash plain. About 10 percent 
of this unit is shallow to bedrock. 

SL WL-About 5 percent of this unit has a loamy 
sand surface. 

SLPL-About 5 percent of this unit is well drained. 

LLPD, LLWL, LLWD-These soils are developed in 
outliers of till within the outwash plain. 
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Table 4. Selected features of soil landscape units within the Cedar Valley Outwash (31) geomorphic region 

Soil 
landscape 

unit 

Percent 
geomorphic 

region 

SLWD ........... 23 

p . . . . . . . . . . . . . . 7 

LLPL . . . . . . . . . . . 5 

SLPL . . . . . . . . . . . 3 

LLPD . . . . . . . . . . . I 

LLWD . . . . . . • • . . • 1 

Most common 
texture and thickness (feet) 

Moisture 
relationships 

Inches of 

Approximate 
fertility in 

rooting zone Major 
soil series 

Landscape 
position 

Rooting zone Substratum available water Drainage pH p K 

sandy loam, 
nearly level loam, or silt 
outwash plain loam (2·3) 

low lying 
depressions peat (1·3) 

nearly level 
to undulating silt loam or 
upland loam (2·4) 

nearly level loam or silt 
outwash plain loam (2·3) 

depressional 
to gently sloping loam to clay 
upland loam (3-4) 

gently rolling 
to rolling 
upland 

loam to clay 
loam (4) 

to 5 feet class 

sand and 
gravel (3·20 +) 

peat (3 +) 

loam (4 +) 

sand and 
gravel (3-20 +) 

loam to clay 
loam (4 +) 

loam to clay 
loam (4 +) 
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Kasota 
Wadena 

low to Waukegan 
4·8 well drained 5.1·7.3 medium low Dakota 

very poorly 
12 + drained 5.1-7.3 low low Unnamed 

low to Skyberg 
8-12 poorly drained 5.1-6.5 medium medium Sargeant 

4·8 poorly drained 5.1·6.5 medium medium Udolpho 

8-12 poorly drained 6.6·7.3 low 

8-12 well drained 6.1-7.3 low 

low to Glencoe 
medium Webster 

Nicollet 
Clarion 
Lester 

medium Le Sueur 



MINNESOTA VALLEY OUTWASH (32) 

This region encompasses an area of approximately 
111,124 acres or 1.7 percent ofthe St. Paul Sheet. 

The Minnesota Valley Outwash consists of nearly level 
to rolling terraces or outwash and bottomlands along the 
Minnesota River. The water table is normally deeper than 
10 feet on the deep sandy soils, but where bedrock is 
shallow it may be less than 2 feet from the surface. On 
bottomlands, peat, and marsh areas, the water table occurs 
at the surface to as deep as 6 feet. Three lakes, each 160 
acres or more in size, are located in the region. Total water 
area in the region is approximately 1,480 acres. 

The terraces and outwash plains are frequently a good 
source of gravel, consequently many large gravel pits are 
located there. 

Most of the soils on the terraces and outwash range 
from loamy sand to loam or silt loam less than 36 inches 
thick over sand and gravel. The waterholding capacity 
ranges from low to moderate. Part of the terraces are 
actually structural benches of bedrock. Soil material above 
the rock ranges from less than 1 foot to about 4 feet. On 
these soils the waterholding capacity ranges from very low 
to moderate. Bottomland soils are subject to occasional to 
frequent flooding. Most are loam or silt loam or silty clay 
loam in texture. 

The original vegetation on the terraces and outwash 
was dominantly prairie grass. Bottomland hardwoods and 
marsh grasses were the original bottomlands' cover. The 
bottomland hardwoods consisted of elm, ash, cottonwood, 
boxelder, basswood, soft maple, willow, and hackberry. 
The terraces and outwash are cropped with corn, soybeans, 
oats, rye, and alfalfa-brome hay. Bottomlands are cropped 
with corn on about 60 percent of the area and the rest is 
pasture or woodland (figure 5). 

Eight soil landscape units are mapped in this region: 
SSWD, A, SLWD, RLWD, RLPD, P, R, and M. Table 5 
lists selected characteristics of the units. Some additional 
information follows: 

SSWD-Sandy loam, loam, or silt loam soils 24 to 36 
inches thick comprise about 10 to 15 percent of this unit. 

A-Small areas of sandy terrace soils comprise about 
10 percent of this unit. These are indicated by sand spot 
symbols on the map. Many areas of this unit have a cor
rugated surface with 5 to 10 feet difference in height 
between the low and highs of narrow parallel ridges and 
swales. 

SL WD-This unit includes 5 to 10 percent of loamy 
sand soil. 

RL WD-This unit consists of structural benches on 
which from 1 to 4 feet of outwash material has been de
posited. Boulders 2 to 4 feet in diameter are present on 
much of the unit and most of it is used as woodland 
pasture. 

RLPD-This unit consists of structural benches on 
which from 1 to 3 feet of outwash material has been 
deposited. Because springs follow the surface of the bed
rock, the unit is hummocky with a peaty or mucky surface. 
Boulders 2 to 4 feet in diameter frequently occur on the 
surface of this soil. This unit is nearly all in pasture. 

P-Deep peat formed in old lakes and ponds within 
the flood plains but distant from the present river channel. 
These peat areas normally have a hi.gh water table or may 
be ponded at times. Cover consists of marsh grass. 

R-These are areas where sandstone bedrock is ex
posed or where the soil mantle is less than 6 inches deep. 
Included within this unit are some areas where limestone 
or sandstone bedrock is from 6 to 36 inches deep. The 
surface material is stony and gravelly with numerous large 
granitic boulders. 

M-These areas adjoin the lakes on the river bottom 
and are usually covered with water from 1 to 4 feet deep. 
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Table 5. Selected features of soil landscape units within the Minnesota Valley Outwash (32) geomorphic region 

Soil 
landscape 

unit 

Percent 
geomorphic 

region 

A .............. 36 

RLWD . . . . . . . . . . 3 

p . . . . . . . . . . . . . . 2 

M .............. 1 

Landscape 
position 

nearly level 

Most common 
texture and thickness (feet) 

Rooting zone Substratum 

stream bottoms loam or silt loam or silt 
loam (4 +) and low terraces loam (2-4) 

nearly level 
to rolling 
structural 
benches 

low lying 
depressions 

low lying 
depressions 

loam (2-4) 

peat (1-3) 

peat or 
mineral soil 

limestone or 
sandstone 
bedrock (4 +) 

peat (1-3) 

peat or 
mineral soil 

Moisture 
relationships 

Inches of 
available water Drainage 

to 5 feet class 
pH 

Approximate 
fertility in 

rooting zone 

p K 

Major 
soil series 

Dorchester 
Oshawa 

well to poorly Comfrey 
4-12 drained 5.6-8.4 variable variable Unnamed 

4-8 well drained 

very poorly 
12 + drained 

1-4 feet of 
water on 
surface marshy 

5.1-6.5 high 

5.1-7.3 low 

Rockton 
medium Copas 

low Unnamed 
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LONSDALE-LERDAL TILL REGION, CLAYEY, ROLLING (33) 

This region has an area of approximately 319,678 
acres or 4.8 percent of the St. Paul Sheet. 

The Lonsdale-Lerdal Till Region is made up of four 
distinct parts. One lies west of Lake Minnetonka, a second 
around Lonsdale, a third around Madison Lake and Lake 
Elysian, and a fourth southwest from Lerdal through Al
bert Lea. 

The region consists of clayey mantled moraines and ice 
disintegration features. The dominant land form is one of 
circular level topped hills bounded by smooth side slopes 
and above a broad lower level. 

The broad upper levels have nearly the same elevation. 
In places, the unobstructed view gives the impression of a 
level plain. Summit widths vary. Some have between 300 
and 500 foot widths, some between 1,000 and 4,000 feet, 
and a few range to 4 miles. The summit is from 20 to 30 
feet above the lower level where the clayey mantle is thin 
to nearly 50 feet where clayey sediments are thick. Summit 
slopes are normally between 2 and 3 percent but range up 
to 6 percent. 

Side slopes are smooth with convex shoulders and con
cave blackslopes. Contour lines are reasonably parallel. 

The lower level is interspersed with closed depressions 
containing lakes and peat bogs. Drainage is often controlled 
by the lake levels. 

The water table is about 3 feet deep on the nearly level 
upper summits to more than 10 feet deep on the more 
sloping tops and side slopes. The water table on the lower 
level ranges from above the surface to about 6 feet deep. 
All water tables vary seasonally. The region contains 32 
lakes, each 160 acres or more in size. The total water area 
is approximately 19,160 acres. 

The level topped hills are capped by 2 to 4 feet of silty 
clay or silty clay loam underlain by clay loam till, which 
is calcareous. Approximately one-third of the surface tex
ture is clayey with the balance of the region either loam, 
silt loam or clay loam. The region has little or no gravel or 
sand. 

Original vegetation on the eastern and northern parts, 
known as the Big Woods, consisted of oak, elm, basswood, 
ash, maple, aspen, birch, wild cherry, butternut, and black 
walnut. Bordering this and extending westward and south
ward aspen-birch hardwoods occurred consisting mainly 
of aspen and birch, but including ash, elm, maple, oak, and 
basswood. The remainder of the region was covered with 
tall prairie grass with small areas of aspen-oak land and 
brush prairie. Present crops are corn, soybeans, alfalfa
brome hay, oats, and wheat. Steep rolling areas and wet 
areas are usually pastured. Pasture makes up about 10 per
cent of the region; woodland, another 10 percent. Wildlife 
areas can frequently be developed in this region (figure 6). 

Nine soil landscape units are mapped in the region: 
LLWD, LLWL, LCWD, LCWL, P, LCPD, LLPD, M, 
and A. Table 6 gives selected features of units. Additional 
information follows: 

LLWD-Poorly drained and wet soils comprise about 
15 percent of the unit. About 10 percent of the surface is 
clayey. 

LL WL-Included within this unit are small areas with 
a clayey surface comprising 5 to 10 percent of the unit. 
Small peat bogs comprising 5 to 10 percent of the area 
are also included. 

LCWD-Included within this unit are small areas of 
clay loam or loam surface soils comprising about 10 per
cent of the area. About 10 percent of this unit is poorly 
drained and wet. 

LCWL-About 10 percent of this unit has a clay loam 
or loam surface. Another 5 percent is peat. 

P-About 10 percent of this unit includes mineral soils. 

LCPD-Included with this unit are well-drained soils 
comprising about 10 percent. 

LLPD-10 to 15 percent of this unit consists of well
drained soil. 
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Table 6. Selected features of soil landscape units within the Lonsdale·Lerdal Till Region, Clayey, Rolling (33) geomorphic region 

Soil 
landscape 

unit 

Percent 
geomorphic 

region 

LLWL .........•. 16 

LCWL . . . . . . . . . . . 8 

LCPD . . . . . . . . . . . 6 

M . . . . . . . . . . . . . 1 

Water . . . . . . . . . • 6 

Landscape 
position 

Most common 
texture and thickness (feet) 

Rooting zone Substratum 

loam to clay 
rolling upland loam (H) 

loam to clay 
loam (4 +) 

silty clay 
rolling upland loam (H) 

clay loam 
(4 +) 

depressional 
upland 

low lying 
depressions 

silty clay 
loam (3-4) 

clay loam to 
loam (4 +) 

either peat or either peat or 
mineral soil mineral soil 

Moisture 
relationships 

Inches of 
available water Drainage 

to 5 feet class 

8-12 well drained 

8-12 well drained 

pH 

Approximate 
fertility in 

rooting zone 

p K 

Major 
soil series 

5.1-6.5 medium medium Hayden 

4.5-6.5 low 

low to 

Kilkenny 
medium Lerdal 

8-12 poorly drained 6.1-6.5 medium low Cordova 

1-4 feet 
of water 
surface marshy 
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WACONIA-WASECA MORAINE, LOAMY, ROLLING (34) 

This region encompasses an area of approximately 
891,244 acres or about 13.4 percent of the St. Paul Sheet. 

There are three distinct parts in this geomorphic area. 
One lies around Waconia and extends south to LeCenter, 
a second around Waseca, and the third from Ellendale to 
Alden. 

The Waconia-Waseca Moraine consists of loamy man
tled moraines and ice disintegration features. The domi
nant landform is one of circular, level topped hills 
bounded by smooth side slopes and above a broad lower 
level. 

The broad upper levels have nearly concurrent eleva
tions. In places the unobstructed view gives the impression 
of a level plain. Summit widths vary: some are between 
200 and 500 feet, others from 1,000 to 4,000 feet, and 
a few up to 2 miles. The summits are from 10 to 30 feet 
above the lower level. Summit slopes are irregular and nor
mally between 2 and 3 percent but range up to 6 percent. 

Side slopes are smooth with convex shoulders and con
cave back slopes. Slopes range from 4 to 35 percent but 
are dominantly 8 to 14 percent. Contour lines are reason
ably parallel. 

The lower level is interspersed with closed depressions 
containing lakes and peat bogs. Drainage is often con
trolled by the lake levels. 

The water table ranges from about 3 feet on the upper 
level to 1 0 feet on the more sloping sides and side slopes. 
Water tables on the lower level range from above the sur
face to about 6 feet deep. Water tables vary seasonally. 

There are 34 lakes each 160 acres or more in size located 
in the region. Total water area is approximately 24,180 
acres. 

Little or no sand and gravel occur in the region. 
Original vegetation on the northern and eastern edge of 

the region, known as the Big Woods, consisted of oak, elm, 
basswood, ash, maple, aspen, birch, wild cherry, butternut, 
and black walnut. The remainder of the region was covered 
with tall prairie grass with small areas of aspen-oak land 
and brush prairie. Present crops are com, soybeans, alfalfa
brome hay, oats, and wheat (figure 7). About 10 percent 
of the region is pastured. Woodland makes up another 5 to 
10 percent. 

Nine soil landscape units are mapped in the region: 
LLWD, LLPD, LLWL, P, LCPD, A, M, SLWD, and 
LCWL. Table 7 lists selected features of the units. Addi
tional information follows: 

LLWD-Poorly drained soils comprise about 15 to 20 
percent of the unit. About 5 percent of the unit is peat. 

LLPD-15 to 20 percent of this unit is well-drained 
soil. About 5 percent of the unit is peat. 

LLWL-The Lester soils (figure 8) are extensive in 
this soil landscape unit. About 10 percent of this unit is 
dark-colored soil. Another 10 percent is poorly drained 
or peat. 

P-About 10 percent of this unit includes mineral soil. 
LCPD-Within this unit are about 10 percent well

drained soils. 
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Table 1. Selected feahmJs of soil landscape 11nits within the Waconia-W:aseca Moraine, Loamy, Rom11g (34) gem11orphic region 

Soil 
landscape 

unit 

Percent 
geomorphic 

region 

lLPD ........... 15 

p .............. 4 

A .............. 1 

SLWD .......... t* 

Water .. .. .. . . . .. 3 

* t ==trace. 

Most common 
texture and thickness (feet) 

landscape 
position 

depressional to 
gently sloping 
upland 

low lying 
depressions 

Rooting zone 

loam to clay 
loam (4) 

peat (1-3) 

nearly level loam or silt 
stream bottoms loam (2-4) 

Substratum 

loam to clay 
loam (4 +) 

peat (3 +) 

loam or silt 
loam (4 +) 

sand and 

Moisture 
relationships 

Inches ol 
available water Drainage 

to 5 feet class 

8-12 poorly drained 

very poorly 
12 + drained 

well to poorly 
4-12 drained 

nearly level 
outwash plain 

sandy loam, 
loam or silt 
loam (2-3) gravel (3-20 +) 4-8 well drained 
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pH 

6.6-7.3 

Approximate 
fertility in 

rooting zone 

p 

low 

5.1-7.3 low 

K 

Major 
soil series 

low to Glencoe 
medium Webster 

low Unnamed 

Huntsville 
5.6-7.8 variable variable Colo 

low to 
5.1-7.3 medium low 

1\asota 
Wadena 



Tihis region has an area of approximately acres 
or 1.1 percent of the St. Paul Sheet 

The Prior Lake Moraine consists of irregular ground, 
end and terminal moraines, and ice disintegration features 
of loamy texture. The dominant landform is a complex of 
knolls that rise irregularly above a lower leveL The knolls 
seemingly are irregularly emplaced on an underlying slope, 
which controls the drainage. 

The dominant relief is 20 to 100 feet above the knoU 
base in the strongly areas. Contour lines have a 
very erratic pattern. 

The lower level can norrnaHy be drained except for 
deeply inset depressions. The depressions and old lakebeds 
are filled with peat. Water tables on the knolls are more 
than 10 feet deep. The water tables on the lower level 
range from above the surface to about 6 feet deep. Seven 
lakes of 160 acres or more in size occur in the region. 
The water area is about acres. 

Original vegetation known as the Bi.g Woods consisted 
of oak, elm, basswood, ash, maple, aspen, wild 
cherry, butternut, and black walnut. In small areas tall 

grass was the original Grass also cov-
ered the wetter spots. Present crops are corn, soybeans, 
alfalfa-brome hay, oats, and wheat. About 15 to 20 per
cent of this region is pasture and 10 percent woodland. 

Seven soil landscape units are mapped in this region: 
LLWL, LUND, SSWL, P, LLPD, M, and LCWD. Table 
8 gives selected features of the units. Additional informa
tion follows: 

LL WL-About 10 of this unit is dark colored. 
Another 10 percent is poorly drained or peat. 

LL WD-Poorly drained soils comprise about 10 per~ 
cent of this unit. 

SSWL-About 25 percent of this unit includes soils 
with 24 to 36 inches of sandy loam or loam on the surface. 
In some large boulders are common, 

P-About 10 percent of this unit is poorly drained 
mineral soiL 

LLPD-About 15 percent of this unit is well~drained 
soHs. About 5 percent of the unit is peaL 
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Table 8. Selected features of soil landscape units within the Prior Lake Moraine, Irregular, Rolling (35A) geomorphic region 

Soil 
landscape 

unit 

Percent 
geomorphic 

region 

LLWD ......•... 16 

p . . . . . . . . . . . . . . 1 

M . . . . . . . . . . . . . . 1 

Water . . . . . . . . . . . 4 

* t =trace. 

Landscape 
position 

Most common 
texture and thickness (feet) 

Rooting zone Substratum 

sandy loam to 

Moisture 
relationships 

Inches of 
available water Drainage 

to 5 feet class 

rolling upland loam (4) clay loam ( 4 +) 8·12 well drained 

low lying 
depressions 

low lying 
depression 

peat (1·3) peat (3 +) 

either peat 
either peat or or mineral 
mineral soil soil 

very poorly 
12 + drained 

1-4 feet 
of water 
on surface marshy 
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pH 

Approximate 
fertility in 

rooting zone 

p 

low 
6.1-7.3 high 

5.1-7.3 low 

K 

Major 
soil series 

Clarion 
medium Lester 

low Unnamed 



EMMONS-fARIBAUlT MORAINE, IRREGIJU\R1 ROlliNG (358) 

This region has an area of approximately 
acres or about 5.5 of the St. Paul Sheet 

The Emmons-Faribault Moraine consists of irregular 
ground, end and terminal moraines, and ice disintegration 
features of loamy texture. The dominant landform is a 
complex of knolls that rise irregularly above a lower level. 
The knolls seemingly are irregularly placed on an under-
lying The underlying slope controls the drainage 
and the ascend and descend with changes within 
this slope. 

The dominant relief is 10 to 30 feet above the knoll 
base in the areas. Contour lines have a very erratic 
pattem. 

The lower level can normally be drained except for 
deeply inset depressions. The depressions and dead lakes 
are filled with peat. Water tables on the knoBs are more 
than 10 feet The water tables on the lower level 
range from above the surface to about 6 feet deep. There 
are 31 lakes of 160 acres or more in size in the region. 
The total water area is about 20,900 acres. 

Original vegetation, known as the Big Woods on the 
northern and eastern portions of the region, consisted of 
oak, basswood, ash, maple, aspen, birch, wild cherry, 

and black walnut The western and southern 
portion was tall prairie grass. Within the Big Wood's 
and prairie, land and oak openings occur. Pres
ent crops are corn, soybeans, alfalfa-brome hay, oats, and 
wheat. About 10 to 15 percent of this region is pasture 
and 10 woodland (figure 9). 

l'Tine soil units are mapped in this region: 
LWD, LLWL, LLPD, P, A, RLWD, M, SSWD, and 
SLWD, Table 9 lists selected features of the units. Addi
tional information follows: 

LLWD-Poorly drained soils comprise about 10 to 15 
percent of this unit. About 5 are light colored. 

LLWL-About 10 percent of this unit is dark colored. 
Another 10 percent is drained. 

LLPD-About 15 percent of this unit is well-drained 
soiL 

poorly drained mineral soil. 
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Soil 
landscape 

unit 

Percent 
geomorphic 

region 

WNL ........... 22 

p ........... 0. 0 3 

RL\NIJ . 0 • • • • • • • • 1 

SSWD .......... t* 

Water ........ 0.. 6 

·~ t ==trace. 

landscape 
position 

rolling upland 

low lying 
depressions 

structural bench 
nearly level !o 

Most common 
texture and thickness (feet) 

Rooting zone 

sandy loam io 
loam (4) 

peat (1°3) 

Substratum 

sandy loam to 
loam (4 +) 

peal (3 +) 

rolling loam (2·4) 

limestone or 
sandstone 
bedrock ( 4 +) 

loamy sand or 
thin sandy loam sand and 

Moisture 
relationships 

Inches of 
allailable water Drainage 

to 5 feet class 

4·12 well drained 

very poorly 
12 + drained 

4-8 well drained 

rolling upland (l-3) gravel (3-20 +) < 4 well drained 
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pH 

Approximate 
fer!ility in 

rooting zone 

p 

Major 
soil series 

5.1-6.5 medium medium Hayden 

5.1-7.3 low 

5.6-7.3 high 

5.6·7.3 low 

low Unnamed 

Rockton 
medium Copas 

low to Estherville 
medium Lakeville 



HAYWARD-OWATONNA MORAINE, IRREGULAR, GENTlY ROlUNG (35C) 

This region has an area of approximately 322,779 
acres or 4.9 percent of the St. Paul Sheet. 

The Hayward~Owatonna Moraine consists of irregular 
ground, end and terminal moraines, and ice disintegration 
features of loamy texture. The dominant landform is a 
complex of knolls that rise irregularly above a lower level. 
The knolls are irregularly emplaced on an underlying slope 
which controls the drainage and the knolls ascend and 
descend with changes within this regional slope. 

The dominant relief is 5 to 15 feet above the knoll 
base in the gently rolling areas. Contour lines have a very 
erratic pattern. 

The lower level can normally be drained except for 
deeply inset depressions. The depressions and old lakebeds 
are filled with peat. Water tables on the knolls are more 
than 10 feet deep" The water tables on the lower level 
range from above the surface to about 6 feet deep. Three 
lakes of 160 acres or more in size occur in the region. The 
total water area is about 1,360 acres. 

The soil parent material is dominantly a loamy calcare
ous tin, but modified drift in the form of silts and clay 

occurs in small scattered areas" Outwash valley trains, 
kames, and eskers are commonly associated features. 

Original vegetation consisted of tall prairie grass with 
some aspen-oak land and oak openings scattered over the 
region. Wetter soils and peat were covered by sedge 
grasses. Present crops are corn, soybeans, alfalfa-brome 

and wheat. Less than 10 percent of this region 
is pasture and about 5 is woodland. 

Eight soil landscape units are mapped in this region: 
LLWD, LLPD, P, A, LCPD, LLWL, LCWD, and M. 
Table 10 gives selected features of the units. Additional 
information follows: 

LLWD-Poorly drained soils comprise about 10 to 15 
percent of this unit 

LLPD-Abont 15 percent of this unit is well-drained 
soil. 

P-About 10 percent of this unit is well-drained or 
poorly drained mineral soil. 
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Soil 
landscape 

unit 

Percent 
geomorphic 

region 

llPD ........... 40 

A . . . . . . . . . . . . . . 2 

llWL . . . . . . . . . . . 1 

M . . . . . . . . . . . . . . 1 

landscape 
position 

depressional to 

Most common 
texture and thickness (feet) 

Rooting zone Substratum 

gently sloping loam to clay loam to clay 
loam(4+) upland loam ( 4) 

nearly level loam or silt loam or silt 
stream bottoms loam (2-4) loam (4 +) 

sandy loam to sandy loam to 
rolling upland loam (4) loam (4 +) 

low lying 
depressions 

either peat or either peat or 
mineral soil mineral soil 

Moisture 
relationships 

Inches of 
available water Drainage 

to 5 feet class 
pH 

Approximate 
fertility in 

rooting zone 

p 

8·12 poorly drained 6.6-7.3 low 

K 

Major 
soil series 

lo.w to Glencoe 
medium Webster 

Huntsville 
well to poorly Colo 

4-12 drained 5.6-7.3 variable variable Comfrey 

4-12 well drained 5.1-6.5 medium medium Hayden 

1-4 feet 
of water 
on surface marshy 
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NORTHFIELD-MYRTLE MORAINE, SILTY, GENTLY ROLLING (36) 

This region has an area of approximately 157,755 
acres or 2.4 percent of the St. Paul Sheet. 

The Northfield-Myrtle Moraine consists of a gently 
rolling silt-mantled end moraine. The dominant landform 
is a complex of knolls irregularly emplaced on a regional 
slope. Slope irregularity has been subdued by a silt mantle. 
Closed depressions are common. Contour lines have a very 
erratic pattern. 

Water tables on the knolls are more than 10 feet deep. 
The water tables on the lower levels are from 1 to 6 feet 
deep. Three small lakes occur in this region. Old lakebeds 
and depressions are filled with peat. 

Original vegetation consisted of tall prairie grass with 
some aspen-oak land and oak openings scattered over the 
region. Wet soils and peat were covered by sedge grass. 
Present crops are corn, soybeans, alfalfa-brome hay, oats, 
and wheat. Less than 5 percent of this region is pasture 
and less than 5 percent, woodland. 

Ten soil landscape units are mapped in this region: 
LLWD, LLPD, LLWL, P, STPD, A, SLWL, SLWD, 
LLPL, and M. Table 11 gives selected features of the 
units. Additional information follows: 

LL WD-Poorly drained soils comprise about 10 to 15 
percent of this unit. 

LLPD-The Maxfield soils (figure 10) are extensive 
in this landscape unit. About 15 percent of this unit is well
drained soil. 

LLWL-About 10 percent of this unit consists of dark
colored soils. Another 10 percent is poorly drained. 

P-About 10 percent of this unit is well-drained or 
poorly drained mineral soil. 
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Soil 
landscape 

unit 

Percent 
geomorphic 

region 

lLPD 0 .......... 36 

p . . . . . . . . . . . . . . 4 

A .............. 1 

SLWD .......... t* 

M ............. t* 

* t ==trace~ 

Most common 
texture and thickness" (feet) 

landscape 
position 

depressional 
to gently 
sloping upland 

low lying 
depressions 

nearly level 

Rooting zone 

silt loam to 
silty clay loam 
(2-4) 

peat (1-3) 

stream bottoms loam or silt 
and low terraces loam (2-4) 

Substratum 

loam to clay 
loam (4 +) 

peat (3 +) 

loam or silt 
loam (4 +) 

sand and 

Moisture 
relationships 

Inches of 
available water Drainage 

to 5 feet class 

8-12 poorly drained 

very poorly 
12 + drained 

well to poorly 
4-12 drained 

nearly level 
terraces silt loam (2-3) gravel (3-20 +) 4-8 well drained 

low lying 
depressions 

either peat or either peat or 
mineral soil mineral soil 

1-4 feet 
of water 
on surface marshy 
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pH 

6.1-7.3 

Approximate 
fertility in 

rooting zone 

p 

low 

5.1-7.3 low 

K 

Major 
soil series 

low to Glencoe 
medium Maxfield 

low Unnamed 

Huntsville 
5.6-7.8 variable variable Colo 

low to 
5.1-7.3 medium low 

Waukegan 
Wadena 



ClAREMONT-lYLE PlAIN, Sll rfw lEVEl (31) 

This region has an area of approximately 152,978 
acres or 2.3 percent of the St. Paul Sheet. 

The Claremont-Lyle Plain consists of a nearly level 
silt mantled till plain. The dominant landform is one of 
very gently undulating to nearly level plain. The few highs 
are 5 to 15 feet above the low landforms. Bedrock is with
in 5 feet in a few 

Water tables in this region range from the surface to 
6 feet deep seasonally. No lakes occm in the region. Some 
small depressions have a thin coating of peat or muck but 
not large enough to record on the map. 

Original vegetation consisted of taH prairie grass and 
sedges with an oak brush cover on the slightly elevated 
areas. Present crops are corn, soybeans, oats, wheat, timo
thy, clover, hay and alfalfa-brome hay. Approximately 10 
to 15 percent of this region is pasture. Less than 1 percent 
is woodland. 

Eight soil landscape units are mapped in this region: 
LLPD, LLPL, LLWD, SLPD, A, SLWD, LLWL, and 

RLPD. Table 12 gives selected features of the units, Addi

tional information follows: 

LLPD-About 15 percent of this unit is well-drained 

soiL Another 10 to 15 percent is light-colored soiL A 

few areas shallow to bedrock are indicated 

crop symbols. 

mck out-

LLPL-Well-drained soils comprise about 15 percent 

of the unit. Another 10 to 15 percent is dark-colored soiL 

A few areas shallow to bedrock are indicated by rock out

crop 

LLWD-About 10 to 15 percent of this unit is light

colored soil. Some 10 percent is poorly drained soil. 

SLPD-About 10 percent of this unit is wen drained. 
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Table 12. Selected features of soil landscape units within the Claremont-Lyle Plain, Silty, Level (37) geomorphic region 

Soil 
landscape 

unit 

Percent 
geomorphic 

region 

llPl 0 00 0 00 0 00 0 0 33 

SlPD 0 0 0 0 0 0 0 0 0 0 0 3 

SlWD 0 0 0 0 0 0 0 0 0 0 1 

RlPD 0 0 0 0 0 0 0 0 0 0 0 1 

Most common 
texture and thickness (feet) 

Moisture 
relationships 

Inches of 

Approximate 
fertility in 

rooting zone Major 
soil series 

landscape 
position 

Rooting zone Substratum available water Drainage pH p K 

nearly level to 
undulating silt loam or 
upland loam (2°4) loam (4 +) 

nearly level 
outwash plain 

nearly level 
terraces 

depressional 
upland 

loam, silt loam 
or silty clay sand and 
loam (2°3) gravel (3°20 +) 

sand and 
silt loam (2°3) gravel (3-20 +) 

limestone or 
sandstone 

silt loam (2-4) bedrock (4 +) 

to 5 feet class 

I ow to Skyberg 
8°12 poorly drained 5.1°605 medium medium Sargeant 

4°8 

4-8 

4-8 

poorly drained 6.1°7o8 low low 

low to 
well drained 5.1-7.3 medium low 

Tal cot 
Biscay 
Kato 

Waukegan 
Wadena 
Dakota 

poorly drained 704-708 low medium Faxon 
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This region has an area of approxinmtely 
acres or 11.1 of the St. Paul Sheet. 

The Kenyon-Taopi Plain consists of a sloping silt ma:n
ded eroded till The dominant landform is one of 
long swell and swale relief with highs from 20 to 80 feet 
above the lows. Slopes are long, 250 to 1,000 feet. 

Water tables vary from 1 to 10 feet deep, seasonally. 
Depressions are few and nonexistent over much of the 
area. The drainage net is a well-established dendritic 
but few streams beyond the main trunks have 
silty mantle. No lakes occur in this region. 

Original vegetation consisted of tall grass on 
the west and south. On the east, a~'J'"''-u•e~.A 
consisting of small dense stands of aspen and scattered 
oaks. Farther east and north aspen-birch hardwoods oc
curred. This cover consisted mainly of aspen and birch 
but included ash, elm, maple, and basswood. Present 
crops are corn, soybeans, alfalfa-brome hay, oats, and 
wheat. 10 percent of this region is pasture. 
Another to 10 percent is woodland. 

Fifteen soil landscape units are mapped i.n this 
LLWD, LLPD, LLWL, RLWD, A, RLWL, SLWD, 
SLPD, SSR, LLPL, RSWD, SSWL, SLWL, P, and M-D. 
Table 13 gives selected features of the units. Additional 
information follows: 

LL WD-About 10 percent of this unit consists of 
poorly drained soil. Another 5 percent is light colored. 

Soil 
landscape 

unit 

Percent 

region 

LLPD ........... 20 

position 

Most common 
texture and thickness (feet) 

zone Sl!bstratum 

loam or clay 
loam (4,20 +) 

Some smaH areas indicated by sand 
are underlain coarse material at 
depth. 

symbols 
inches :irn 

LLPD-WeH~drained soils comprise 10 to 15 
of this unit. 

of this unit consists of dark
colored soil. Some areas have bedrock at 5 feet or 
less and are indicated by rock outcrop symbols on the 
map. Sand and gravel symbols indicate areas underlain by 
coarse material at 24 to 36 inches in 

RLWD-Indudes about 10 percent deeper soils. Un
derlying rock may be either sandstone or limestone and 
either fragmented or solid. 

A-Sman islands of sandy terrace soils are :included 
in this unit a:nd are shown sand 

RUNL-Includes about 10 percent deeper soils. Un
derlying rock may be either sandstone or limestone either 
fragmented or solid. 

SUI\!D-About 5 to 10 
sand surface" 

of this unit has a loamy 

M-D-Mines and dumps. Only areas large enough to 
show were indicated by this landscape unit. Numerous 
small open mines were shown symbol. 

Moisture 
relationships 

Inches of 
available water 

to 5 feet class 
pH 

Approximate 
fertility in 

rooting zone 

p 

8-12 drained 5.6,7.3 low 

Major 
soil series 
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Table 13 (continued). Selected features of soil landscape units within the Kenyon· Taopi Till Plain, Silty, Undulating (38) geomorphic region 

Soil 
landscape 

unit 

Percent 
geomorphic 

region 

RLWD ........... 7 

RLWL . . . . . . . . . . . 2 

SLPD . . . . . . . . . . . 1 

LLPL ........... t* 

SSWL ........... t* 

p .............. t* 

• t =trace. 

Most common 
texture and thickness (feet) 

Moisture 
relationships 

Inches of 

Approximate 
fertility in 

rooting zone Major 
soil series 

Landscape 
position 

Rooting zone Substratum available water Drainage pH p K 
to 5 feet class 

limestone, 
sandstone, and 

gently sloping loam, silt loam, shale bedrock 
to steep upland clay loam (1-4) (4 +) 

limestone, 
sandstone, and 

gently sloping loam, silt loam, shale bedrock 
to steep upland clay loam (1·4) (4 +) 

nearly level 
outwash 

nearly level or 

loam or silt 
loam (2·3) 

sand and 
gravel (3-20 +) 

depressional silt loam, clay loam or clay 
upland loam (4) loam (4·20 +) 

stream terraces 
and valley slopes loamy sand (1·3) sand (3-20 +) 

low lying 
depressions peat (1·3) peat (3 +) 
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2-8 well drained 5.1-6.5 high 

2-8 well drained 5.1·6.5 high 

4·8 poorly drained 6.1-7.3 low 

Dodgeville 
Rockton· 

medium Schapville 

Dubuque 
Whalan 

medium Derinda 

low 
Marshan 
Kato 

low to Sargeant 
8-12 poorly drained 5.1-6.5 medium medium Skyberg 

< 4 well drained 

very poorly 
12 + drained 

5.1-6.5 high 

5.1-7.3 low 

low 

low 

Boone 
Plainfield 

Unnamed 



HARMONY -PLAINVIEW UPLANDS, SILTY, GENTLY ROLLING (39) 

This region has an area of approximately 1,054,132 
acres or 15.9 percent of the St. Paul Sheet. 

The Harmony-Plainview Uplands consist of a loess 
mantled plateau ranging from 1,100 to 1,300 feet above 
sea level. Slopes range from nearly level to steep near 
drainageways. Most topography is controlled by the under
lying glacial till (probably Kansan) which is many feet 
thick on the western side of the region but thins to less 
than two feet over bedrock on the eastern side. Where gla
cial till is thin or absent, topography is bedrock controlled. 
Loess thickness ranges from 8 to 20 feet. The loess prob
ably was deposited during the main Wisconsin glaciation. 

Old remnant landforms extend upward from the gen
eral plateau level and form rather prominent hills within 
the region. Sinkholes are a common landscape feature 
from Spring Valley to Wykoff to Fountain and south 
toward Preston. Caves are present in the underlying lime
stone strata. No lakes exist in this region. Water tables are 
deeper than 20 feet. 

Original vegetation (part of Big Woods area) consisted 
of aspen-birch hardwoods, aspen-oak land, brush prairie 
from east to west and north to south. Aspen-birch hard
woods consisted of mainly aspen and birch, but also in
cluded ash, elm, maple, oak, and basswood. Aspen-oak 
land consisted of small, dense stands of aspen and scattered 
oaks. Brush prairie consisted of grass, brushy aspen-oak, 
and hazel. Prairie was mainly composed of tall prairie 

grasses. Present crops are corn, soybeans, alfalfa-brome 
hay, oats, and wheat. About 10 percent of the region is 
pasture and 5 to 10 percent is woodland. 

On moderately sloping valleys and with suitable as
pects, soils are frequently suitable for orchards (figure 11). 

Seven soil landscape units are mapped in this region: 
LLWL, LLWD, RLWD, RLWL, A, STWD, and LLPD. 
Table 14 gives selected features of the units. Additional 
information follows: 

LLWL-The Seaton soils (figure 12) comprise a ma
jor part of this unit. About 10 percent of this unit consists 
of dark-colored soil. Some small areas have bedrock at 
5 feet or less and are indicated by rock outcrop symbols 
on the map. 

LLWD-About 10 percent of this unit consists of light
colored soils. Some small areas have bedrock at 5 feet or 
less and are indicated by rock outcrop symbols on the map. 

RLWD-About 10 percent of this unit consists of deep 
(more than 5 feet) soil. 

RL WL-About 10 percent of this unit consists of deep 
soil. 

A-Small islands of sandy terrace soils are included 
in this unit and are shown by sand symbols. 
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Table 14. Selected features of soil landscape units withi~rn the Harmony-Plainview Uplands, Silty, Gently Roiling (39) geomorphic region 

Soil 
landscape 

unit 

Percent 
geomorphic 

region 

LLWD ........... 42 

RLWL . . . . . . . . . . . 3 

SLWD . . . . . . . . . . 1 

Most common 
texture and thickness (feet) 

landscape 
position 

gently sloping 
to moderately 
sloping upland 

Rooting zone 

silt loam to 
light silly clay 
loam (4) 

gently sloping to silt loam to 
steep upland and light silty clay 
valley slopes loam (1-4) 

nearly level loam, silt 

Substratum 

silt loam 
(4·20+) 

limestone, 
sandstone or 
shale bedrock 
(3 +) 

sand and 

Moisture 
relationships 

Inches of 
available water Drainage 

to 5 feet class 

8·12 well drained 

2·8 well drained 

stream terraces loam (2·4) gravel ( 4·20 +) 4·8 well drained 
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pH 

5.1.].8 

Approximate 
fertility in 

rooting zone 

p 

Major 
soil series 

Mount Carroll 
Tam a 

medium Racine 
to high medium Ostrander 

5.1·6.5 high 

Dubuque 
Whalan 

medium Derinda 

low to 
5.1-7.3 medium low 

Waukegan 
Dakota 



Figure l. The Mississippi River is picturesque in winter 
well as in summer. Ice on lake is a 

recreation. 

Figure 2. A tributary valley with typical cultivation ol 
bottomland, some contouring on lower valley slope, 
and forested cover on slopes. This kind of land-
scape would be Valley Outwash 
(29) area. 

Figure 3. The shoreline of Cannon Lake is representative 
of a large number of lakes in the St. Paul Sheet area. 
Shoreline development concerns local government units, 
wanting to insure optimal recreational activity with 
minimal pollution. 

pas
ture production and contributed to erosion of soil ma
terials, which adds to the of the 
soi!s in the 

Figure 5. The detailed examination ot 
the soils to a depth of 5 feet or more 
is an integral part of a map 
or of the soil and its en
vironment 
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Figure 6. Wildlife areas may be developed and pre
served in the landscape of all geomorphic regions in 
the St. Paul Sheet, but particularly in the rolling mo
rainic areas such as the Lonsdale-Lerdal Till 



Figure 7. Corn is the major agricultural crop in the St. 
Paul Sheet area counties. Experimental plots on Nicol
let and Webster soils (LLWL and LLPD, respectively) 
at the Waseca Experiment Station have pointed to sig
nificant yield increases in the past decade. 

Figure 8. The Lester soils, coded LLWL, 
extensive in the St. Paul Sheet, are 
developed in loamy glacial materials 
such as in the Waconia-Waseca Mo
raine (34) area. They were developed 
under a mixed vegetation of grass and 
deciduous hardwoods. 

Figure 9. Fall foliage of sugar maple and other hard
woods decorate the landscape of rolling areas such as 
the Emmons-Faribault moraine (358). Grazing has re
duced the regrowth possibilities in many areas. 
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Figure 10. The Maxfield soils are an 
example of the highly productive soils 
occurring in the soil landscape unit 
LLPD in the Northfield-Myrtle Moraine 
(36). 

Figure 11. Apple orchards are a major fruit 
enterprise in appropriate sites along the St. 
Croix and Mississippi Valley. Favored loca
tions are on the lower slope of broad tribu
tary valleys. 



12. The Seaton soils found 
in soil landscape unit LLWL are ex
tensive in the Harmony-Plainview 
Uplands (39) region. Although sus-

to adequate soil 
and water control measures can be 
used on these soils to maintain 
their productivity. 

Figure 13. Bedrock approaches the soil surface in many 
places affecting growth and productivity of pasture and 
forests. Exposed rock strata are frequent in road cuts 
in such areas as the Red Wing-LaCrescent Uplands 
(40). 

Figure 14. The state Memorial Hardwood Forest pur
chase area lies within the St. Paul Sheet with most of 
it in the Red Wing-La Crescent Uplands (40) region. 
The landscape commonly is one of narrow ridge tops 
and steep side slopes mostly under hardwood cover. 
The narrow valleys often contain a wide variety of trees, 
shrubs, and flowering plants. 
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Figure 15. Canada geese overwinter in large numbers 
on the Zumbro River at Rochester. (Photo: Louis Nich
ols) 

Figure 16. Intensive row crop agriculture is a major 
land use on the level, medium, and fine-textured soils 
such as occur in the Wells-Rush River Ground Moraine 
(42) region. Some areas require supplemental drainage 
development 

Figure 17. The rapidly growing Twin Cities Metropolitan 
Area calls for major decisions in urban land use involv
ing transportation, recreation, and industrial develop
ment, together with residential. More detailed soils in
formation will be required for many decisions. 



RED WING· LaCRESCENT UPLANDS, STEEP (40) 

This region has an area of approximately 946,819 
acres or 14.3 percent of the St. Paul Sheet. 

The Red Wing-LaCrescent Uplands consists of the 
coulees, bluffs, and associated ridges and valleys adjoining 
the Mississippi River and its minor tributaries. A loess
mantled plateau from 1,000 to 1,150 feet above sea level 
has been deeply dissected. Topography is largely bedrock 
controlled. Sloping to steeply sloping ridges are bordered 
by steep bluffs and steeply sloping valleys. Loess thickness 
ranges from 8 feet or more to less than two feet over bed
rock. The loess probably was deposited during the main 
Wisconsin glaciation. The bluff faces have varying amounts 
of soil cover over the bedrock normally thicker (2 to 3 
feet) on north and east slopes and thinner (12 inches or 
less) on south and west slopes (figure 13 ) . 

Some old remnant landforms occur near the upper 
ends of the coulees. 

All of Houston County and the southeastern part of 
Winona County make up part of what is called the Drift
less Area. There is essentially no evidence that this area 
has been glaciated. Beneath the loess a layer of limestone 
residuum separates the bedrock from the loess. 

In the remainder of this region the loess lies directly 
on bedrock or on glacial till of varying thickness ranging 
from 6 inches to many feet over the bedrock. 

Water tables are normally in the bedrock. Caves are 
present in the underlying limestone strata. No natural lakes 
exist in the region but one large reservoir, Lake Zumbro, 
resulted from the damming of the Zumbro River. 

Original vegetation consisted of the Big Woods (hard
wood species), aspen-birch hardwoods and river bottom 
forest. River bottom forest consists of elm,. ash, cottonwood, 
boxelder, basswood, soft maple, willow, and hackberry. 
Present crops are corn, soybeans, alfalfa-brome hay, and 
oats. Woodland makes up 50 percent of this region (figure 
14) and 20 percent is in pasture. 

Nine soil landscape units are mapped in this region: 
SSR, LLWL, RLWL, A, RLWD, LLWD, SLWD, SSWL, 
and SSWD. Table 15 gives selected features of the units. 
Additional information follows: 

SSR-This is an area with slopes mostly exceeding 35 
percent. A thin layer of silt or sand covers most of the unit. 
In some places mappable soils have developed. However, 
there are many outcrops of solid limestone and sandstone 
bedrock. Fragments of limestone cover much of the sur
face. 

LL WL-About 10 percent of this unit has bedrock at 
5 feet or less. 

RLWL-About five percent of the unit has dark
colored surface soil. 

A-Small islands of sandy terrace soils are included 
in this unit and are shown by sand symbols. 

RLWD-Includes about 10 percent soil with light
colored surfaces. 
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Table 15. Selected features of soil landscape units within the Red Wing-la Crescent Uplands, Steep (40) geomorphic region 

Soil 
landscape 

unit 

Percent 
geomorphic 

region 

LLWL ........... 20 

A . . . . . . . . . . . . . . 5 

LLWD . . . . . . . . . . . 1 

SSWL ........... t* 

• t =trace. 

Most common 
texture and thickness (feet) 

Landscape 
position 

Rooting zone 

gently sloping to silt loam to 
steep upland and light silty clay 

Substratum 

Moisture 
relationships 

Inches of 
available water Drainage 

to 5 feet class 

valley slopes loam (4) silt loam (4 +) 8-12 well drained 

stream bottoms 
subject to silt loam, 
flooding loam (2-4) 

gently sloping to 
steep upland silt loam (4) 

sloping stream 
terraces and 

silt loam, 
loam, sand 
(4 +) 

silt loam to 
coarse silt 
loam (4 +) 

valley slopes loamy sand (1-3) sand (3-20 +) 
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well to poorly 
4-12 drained 

8-12 well drained 

< 4 well drained 

pH 

Approximate 
fertility in 

rooting zone 

p 

4.5·7.3 high 

K 

Major 
soil series 

Seaton 
Fayette 
Timula 

medium Renova 

Huntsville 
Arenzville 

6.1-7.8 variable variable Unnamed 

5.1-7.8 high 

5.1-6.5 high 

Mount Carroll 
Downs 

medium Racine 

low 
Boone 
Plainfield 



ROCHESTER DRIFT PLAIN (41) 

This region has an area of approximately 125,150 acres 
or 1.9 percent of the St. Paul Sheet. 

The Rochester Drift Plain consists of old landforms 
which seemingly had many feet of their surfaces eroded. 
Both wind and water were active. Some material was de
posited as terrace and valley trains. Other material, chiefly 
sand, was deposited by wind on hilltops and generally in 
an easterly direction from Rochester. Source of the sand 
may have been local sandstone. Limestone and shale, 
being more resistant to erosion, were exposed and com
prise the surface of many of the hills around and in the 
city of Rochester. These hills are mantled by silt or loam 
to a depth of 2 feet or less. 

The shale and limestone hills surround outwash ma
terial along the Zumbro River and Bear Creek. To the 
east from Eyota to Utica the hills surround a plain over 
bedrock at 3-5 feet. 

The hills are steep, but the remaining area is nearly 
level to sloping. 

Water tables on the hills are in the bedrock. In the 
valleys water tables range from 1 foot to over 20 feet 
seasonally. No lakes exist in the region, but the Zumbro 
River has headwaters in this region (figure 15). 

Original vegetation consisted of aspen-birch hardwoods, 
aspen-oak land, and brush prairie. Aspen-oak land consists 
of small dense stands of aspen and scattered oaks. Brush 
prairie consists of grass, brushy aspen-oak, and hazel. 
Present crops consist of corn, soybeans, alfalfa-brome hay, 
and oats. Woodland and pasture make up about 10 percent 
each in the region. 

Nine soil landscape units are mapped in this region: 
RLWD, LLWD, A, RLWL, LLWL, SLWD, SLPD, 
SSWD, and SSWL. Table 16 gives selected features of the 
units. Additional information follows: 

RLWD-About 10 percent of this unit has a light
colored surface soil. Some loamy sand surfaces are shown 
by sand symbols. 

LL WD-About 10 percent of this unit has bedrock 
within 5 feet. Rock outcrop symbols indicate these areas 
on the map. 

A-Small islands of sandy terrace soils shown by sand 
symbols are included in this unit. 

RLWL-Includes about 10 percent dark-colored sur
face soil. 

LLWL-About 10 percent of this unit has dark
colored surface soil. 

SLWD-Includes 10 percent poorly drained soil and 
about five percent soil with loamy sand surface. 

SLPD-Includes about 10 percent well-drained soil. 

SSWD-Includes about 5 percent soil with sandy 
loam, loam or silt loam surfaces 24 to 36 inches thick. 

SSWL-About 5 percent of this unit has dark-colored 
surface soil. 
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Soil Percent 

UWD ........... 13 

Most common 
texture and thic!lness (feet) 

zone :Substratum 

limestone, 

Moisture 
relationships 

Inches of 
available water 

to 5 feet 

-36-

soil series 
p K 



WELLS-RUSH RIVER GROUND MORAINE, CLAYEY, LEVEL (42) 

This geomorphic region encompasses approximately 
207,457 acres, or 3.1 percent of the St. Paul Sheet. 

The Wells-Rush River Ground Moraine consists of 
clayey mantled ground moraine and ice disintegration fea
tures. The dominant landform is one of a nearly level to 
very gently undulating ground moraine further subdued 
by a 2 to 6 feet mantle of clayey sediments. Local relief 
has a range of 3 to 10 feet. This landform seemingly 
formed under glacial lake water or lake washed till plain 
or was downwasted from the ice as a clayey slurry. Little 
or no sand or gravel occurs in the region. 

Water tables vary from 1 to 6 feet deep, seasonally. 
Three lakes of more than 160 acres occur in the region. 

The total water area is approximately 1,790 acres. 
Original vegetation was tall prairie grass on the well

drained soils; sedges, on the poorly drained soils. Present 

crops are corn, soybeans, oats, and wheat (figure 16). 
Little or no woodland and pasture presently exists in the 
region. 

Six soil landscape units are mapped: LCPD, LLPD, 
LLWD, A, LCWD, and P. Table 17 gives selected features 
of the units. Additional information follows: 

LCPD-About 10 percent of this unit has a clay loam 
or loam surface. 

LLPD-About 10 percent of this unit has a silty clay 
loam or silty clay surface. It also includes about 10 percent 
well-drained soil. 

LLWD-Poorly drained soils comprise about 10 per
cent of the unit. About 10 percent of the surface is clayey. 

LCWD-About 10 percent of this unit has a clay loam 
or loam surface. 

Table 17. Selected features of soil landscape units within the Wells-Rush River Ground Moraine, Clayey, Level (42) geomorphic region 

Soil 
landscape 

unit 

Percent 
geomorphic 

region 

LLPD ........... 22 

A . . . . . . . . . . . . . . 5 

p .............. t* 

* t =trace. 

Landscape 
position 

nearly level to 

Most common 
texture and thickness (feet) 

Rooting zone Substratum 

depressional loam to clay 

Moisture 
relationships 

Inches of 
available water Drainage 

to 5 feet class 
pH 

Approximate 
fertility in 

rooting zone 

p K 

Major 
soil series 

upland loam (4) 
loam to clay 
loam (4 +) 8-12 poorly drained 6.6·7.3 low 

low to Webster 
medium Glencoe 

narrow stream loam to silty loam to silty well to poorly 
bottoms clay loam (2·4) clay loam (4 +) 8-12 drained 

low lying 
depressions peat (1-3) peat (3 +) 
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very poorly 
12 + drained 

Colo 
Huntsville 

5.6· 7.8 variable variable Comfrey 

5.1·7.3 low low Unnamed 



ARLINGTON-MATOWAN GROUND MORAINE, LOAMY, UNDULATING (43) 

This geomorphic region encompasses approximately 
96,852 acres or 1.5 percent of the St. Paul Sheet. 

The Arlington-Matawan Ground Moraine consists of 
an undulating ground moraine. The dominant landform is 
one of a nearly level to gently undulating moraine. The few 
highs are typically 5 to 15 feet above the lows. Sand and 
gravel deposits are rare. 

Water tables vary from 1 to 10 feet in depth seasonally. 
Depressions are very small in size. Peat has formed in 
some depressions. Many depressions are closed at the sur
face and drain underground to tile. Four lakes larger than 
160 acres in size occur in this region. Total water area is 
approximately 1,970 acres. 

Original vegetation consisted of tall prairie grass on the 
well-drained soils and sedges and marsh grasses on the 
poorly drained soils. Present crops are soybeans, oats, 

wheat, and alfalfa-brome hay. Little or no woodland or 
pasture exists in the region. 

Seven soil landscape units are mapped in this region: 
LLPD, LLWD, LCPD, A, LCWD, P, and LLWL. Table 
18 gives selected features of the units. Additional informa
tion follows: 

LLPD-About 10 to 15 percent of this unit consists 
of well-drained soil. 

LL WD-About 10 to 15 percent of this unit consists 
of poorly drained soil. 

LCPD-About 10 percent of this unit has a clay loam 
or loam surface. 

LCWD-About 10 percent of this unit has a clay loam 
or loam surface. 

Table 18. Selected features of soil landscape units within the Arlington-Matowan Ground Moraine, Loamy, Undulating (43) geomorphic region 

Soil 
landscape 

unit 

Percent 
geomorphic 

region 

LLWD ........... 25 

A .............. 3 

LCWD .. .. .. .. .. 1 

Water .. .. .. .. .. . 2 
* t =trace. 

Landscape 
position 

gently undulat
ing upland 

Most common 
texture and thickness (feet) 

Rooting zone 

silt loam to 
clay loam ( 4) 

Substratum 

loam to clay 
loam (4 +) 

Moisture 
relationships 

Inches of 
available water Drainage 

to 5 feet class 

8-12 well drained 

narrow stream loam to silty loam to silty well to poorly 
bottoms clay loam (2-4) clay loam (4 +) 4-12 drained 

gently undulat
ing upland 

silty clay loam 
to silty clay 
(3-4) 

loam to clay 
loam (4 +) 
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8-12 well drained 

pH 

6.1-7.3 

Approximate 
fertility in 

rooting zone 

p 

low 

K 

Major 
soil series 

Clarion 
Nicollet 
Truman 

medium Kingston 

Comfrey 
Colo 

5.6-7.8 variable variable Huntsville 

5.6-6.5 medium medium Guckeen 



BLUE EARTH-GARDEN CITY GROUND MORAINE, SILTY, ROLLING (44) 

This geomorphic region has an area of approximately 
16,851 acres or 0.3 percent of the St. Paul Sheet. 

The Blue Earth-Garden City Ground Moraine consists 
of a gently rolling to rolling silt mantled ground moraine. 
The dominant landform is a complex of low knolls that 
rise irregularly above a lower level. Slope irregularity has 
been subdued by a silt mantle. The knolls seemingly are 
irregularly emplaced on a regional slope. The dominant 
relief is 5 to 20 feet above the knoll base. Contour lines 
have a very erratic pattern. 

Water tables range from the surface in depressions to 
deeper than 1 0 feet on the knolls seasonally. Depressions 
are common and generally closed. Water leaves the depres
sions mostly through drain tile. Some depressions are filled 
with peat. No lakes exist in this region on the St. Paul 
Sheet. 

Original vegetation consisted of tall prairie grass on the 
well-drained soils and sedges and marsh grasses on the 
poorly drained soils. Present crops are corn, soybeans, 
oats, wheat, and alfalfa-brome hay. Little or no woodland 
or pasture exists in the region. 

Five soil landscape units are mapped: LLWD, LLPD, 
LCPD, P, and A. Table 19 gives selected features of the 
units. Additional information follows: 

LLWD-About 10 to 15 percent of this unit consists 
of poorly drained soil. 

LLPD-About 10 to 15 percent of this unit consists 
of well-drained soil. 

LCPD-About 10 percent of this unit has a silty sur
face. 

Table 19. Selected features of soil landscape units within the Blue Earth-Garden City Ground Moraine, Silty, Rolling (44) geomorphic region 

Soil 
landscape 

unit 

Percent 
geomorphic 

region 

LLPD ........... 38 

p .............. 5 

Landscape 
position 

nearly level to 

Most common 
texture and thickness (feet) 

Rooting zone Substratum 

depressional loam to clay loam to clay 
loam (4 +) upland loam (4) 

low lying 
depressions peat (1·3) peat (3 +) 

Moisture 
relationships 

Inches of 
available water Drainage 

to 5 feet class 
pH 

Approximate 
fertility in 

rooting zone 

p 

8-12 poorly drained 6.6·7.3 low 

very poorly 
12 + drained 5.1-7.3 low 
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K 

Major 
soil series 

low to Webster 
medium Glencoe 

low Unnamed 



This geomorphic has an area of 
acres, or 2. 7 percent of the St. 

The Twin Cities Forma1tion colilsists of 
terminal moraines and ice disintegration features of sandy 
and loamy textures. This formation is a complex 111ixture 
of gray till and reddish brown tilt Jlt is a heterogeneous 
mixture of silt, clay, and '-'V'-"L''"" 

but it contains lenses of silt or sand. 
The form consists of steep hills interspersed 

de]JressilJns either filled with smaH lakes or 
The relief ranges from 50 to 200 feet from hill base to 
hiHtop. Contour lines have a 

Water tables are near the in the depressions but 
are deeper than 10 feet on the hills. Most depressions are 
closed and have limited drainage possibilities. Four lakes 

than 160 acres in size occur. Total water area is 
acres. 

Kames and eskers are frequ.ent among the hl.lls. These 
are sources of sand and 

been described as consisting 
of openings and barrens." This cover type consisted 
mostly of both red and scarlet. Frequently on the 
kames and esters the oaks have poor growth. Present crops 
are com, soybeans, alfalfa-brome hay, and oats. Wood
land comprises about 25 percent of the Pasture 

makes another 10 percent. Urbanization is advancing 
rapidly 

Ten uni.ts are LLWL, 
SLWD, LLWD, LSWL, P, and M. 

Table 20 gives selected features of the units. Additional 
information follm¥s: 

LLWL-Includes about W np·n'"'"'~· soH with a 
sand surfaceo 

SL WL-Includes about 10 oer·ce11t soil with a loamy 
sand surfaceo 

SSWL-About 10 percent of the soils have a 
loam or loam surface. 

SLWD-About 10 percent of the soHs have a loamy 
sand surface. 

LL WD-Indudes about 10 percent soil with a light
colored surface. 

RLWD-Old land forms of limestone and sarndstone 
are frequently the Mississippi River in the 
Twin Cities area. 

LSWL-Includes about 10 percent soil with loamy 
sand substrata. 
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Table 20. Selected features of soil landscape units within the Twin Cities Formation (45) geomorphic region 

Soil 
landscape 

unit 

Percent 
geomorphic 

region 

SLWL ........... 23 

SLWD . . . . . . . . . . . 6 

RLWD . . . . . . . . . . 2 

p . . . . . . . . . . . . . . I 

M ............. t* 

• t =trace. 

Landscape 
position 

rolling to 
steep, hilly 
upland 

Most common 
texture and thickness (feet) 

Rooting zone 

sandy loam to 
loam (2·3) 

Substratum 

loamy sand to 
sandy loam 
(3 +) 

sand and 

Moisture 
relationships 

Inches of 
available water Drainage 

to 5 feet class 

4·8 well drained 

nearly level to 
gently rolling 
outwash 

loam to silt 
loam (2·3) gravel (3·20 +) 4·8 well drained 

gently sloping loam to clay 
to steep upland loam (I·4) 

low lying 
depressions peat (I-3) 

limestone, 
sandstone, and 
shale bedrock 
(4 +) 

peat (3 +) 

low lying 
depressions 

peat or mineral peat or 
soil mineral soil 

2·8 well drained 

very poorly 
I2 + drained 

I to 4 feet 
of water 
on surface marshy 
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pH 

Approximate 
fertility in 

rooting zone 

p K 

low to 

Major 
soil series 

5.1·6.5 medium medium Kingsley 

low to 
5.1-7.3 medium low 

Dakota 
Waukegan 

5.I·6.5 high 

5.1·7.3 low 

Dodgeville 
Rockton 

medium Schapville 

low Unnamed 



MINNESOTA LAKE PLAIN, CLAYEY, LEVEL (46) 

This geomorphic region has an area of approximately 
93,396 acres or 1.4 percent of the St. Paul Sheet. 

The Minnesota Lake Plain consists of a clayey glacial 
lake basin. The dominant landform is a level to nearly 
level clay-mantled low relief ground moraine. The few 
highs are dominantly 3 to 6 feet above the lows. Depres
sions are commonly small in size. Peat has filled some 
depressions. This landform formed in deep sediment-filled 
glacial lake water. Clayey sediments range from 4 to 10 feet 
thick. No sand and gravel occur in this region. 

Water tables vary from the surface to 6 feet deep 
seasonally. Two lakes of more than 160 acres occur in 
the region. The total water area is approximately 2,050 
acres. 

Original vegetation was tall prairie grass on the well
drained soils and sedges and marsh grasses on the poorly 
drained soils. Present crops are corn, soybeans, oats, and 
wheat. Little or no woodland or pasture exists in the 
region. 

Five soils landscape units are mapped: LCPD, A, 
LLWD, P, and M. Table 21 gives selected features of the 
unit. Additional information follows: 

LCPD-About 10 percent of this unit has a clay loam 
or loam surface. 

LL WD-Includes about 10 percent poorly drained 
soil. 

Table 21. Selected features of soil landscape units within the Minnesota Lake Plain, Clayey (46) geomorphic region 

Soil 
landscape 

unit 

Percent 
geomorphic 

region 

A .............. 7 

p .............. 2 

Water . . . . . . . .... 2 

• t =trace. 

Landscape 
position 

Most common 
texture and thickness (feet) 

Rooting zone Substratum 

loam, clay 

Moisture 
relationships 

Inches of 
available water Drainage 

to 5 feet class 
pH 

Approximate 
fertility in 

rooting zone 

p K 

Major 
soil series 

Huntsville 
narrow stream silt loam, loam, loam, silty well to poorly Colo 
bottoms clay loam (5) clay (5-20 +) 

low lying 
depression and 
drainage ways 

peat or clay 
sedge peat (1-3) loam till (3 +) 
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8-12 drained 5.6-7.8 variable variable Comfrey 

12+ 
very poorly 
drained 5.1-7.3 low low Unnamed 



I 

\ 
I 
I 

( 
_ __J 

Outline map of geomorphic regions of the St. Paul Sheet Area. Numbers correspond to the colored map. 

DEVELOPMENT OF LANDFORMS IN THE 

ST. PAUL SHEET AREAl 

The landforms of the St. Paul Sheet may conveniently 
be subdivided for discussion purposes into two major 
regions: 

1 ) An area of younger- glacial drift of probably mid
Wisconsin age, which takes in all the geomorphic units 
west of and north of the Cedar Valley Outwash (31) and 
the Cannon Valley Outwash (30) and includes as well the 
Mississippi Valley Outwash (29). This area consists large
ly of constructional glacial landforms, many of which have 
been scarcely eroded, or even mildly gullied. 

2 Prepared by Saul Aronow, Minnesota Geological Survey. 

2) An area of older glacial drift, locally severely 
eroded, with few, if any constructional glacial landforms. 
This area includes all the units ( 3 7 through 41 ) south of 
and east of the younger drift units. 

The younger drift area 

The younger drift area for the most part was covered 
by ice of the Des Moines lobe which advanced through 
Minnesota from the northwest into Iowa over 14,000 years 
ago. The Des Moines lobe was guided by depression in the 
bedrock in the Red River Valley which continues into the 
south-central part of the state as the Minnesota Lowland. 
A northeast trending sag in the bedrock surface, the Min
neapolis Lowland, influenced the path of the Grantsburg 
sub lobe of the Des Moines lobe through the Twin Cities area 
and into Wisconsin. The farthest advances of the Des 
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Moines lobe in the St. Paul Sheet are marked by the edge 
of the Northfield-Myrtle Moraine (36); of the Grantsburg 
sublobe, by the western part of the Twin Cities Formation 
( 45) . Melting ice at these two positions supplied parts of 
the deposits comprising the Cedar Valley ( 31 ) and the 
Cannon-Vermillion Valley (30) Outwash. Increments to 
these were added as the ice retreated from these positions. 

The Grantsburg sublobe has a somewhat separate his
tory from the Des Moines lobe and will be considered 
first. Prior to the incursion of the sublobe, the Twin Cities 
area was invaded from the northeast by the Superior lobe 
which carried reddish-brown very stony drift. The edge of 
this lobe is indicated by the St. Croix Moraine. While the 
site of this moraine in the Twin Cities area was still occu
pied by decaying, stagnant ice, it was over-ridden by the 
Grantsburg sublobe from the southwest. The Grantsburg 
sublobe, like the main Des Moines lobe, carried calcareous 
gray shale-rich drift, derived from bedrock in the Red 
River Valley. The western part of the Twin Cities Forma
tion ( 45), where the reddish-brown and gray shale-bearing 
drift are mixed, marks the area where the Grantsburg sub
lobe encountered the decaying ice of the St. Croix moraine. 
Some of the Mississippi Valley Outwash (29), and the 
Cannon Valley Outwash (30) was deposited by melt water 
from the ice of the Superior lobe, and later from the 
Grantsburg sublobe. At these times, drainage down the 
Mississippi valley from the north was effectively blocked. 
The eastern part of the Twin Cities Formation ( 45) is 
largely made up of reddish-brown stony drift of the St. 
Croix Moraine with a few inclusions of gray calcareous 
shale-free drift of an earlier Wadena lobe which come 
from northwest but east of the Red River Valley. 

A greater variety of landforms exists within the area 
covered by the Des Moines lobe than in the old drift area 
where the surface has been lowered and dissected by 
streams and mass-wasting processes and smoothed out by 
the deposition of wind-borne loess. 

The overall impression received by the geologist from 
both an air photo and subsequent ground examination of 
the Des Moines lobe topography is one of ice stagnation 
and disintegration. Drumlins, sharply defined end mo
raines, and other evidences of active, moving ice are large
ly absent. Ice disintegration forms have not previously been 
described for the lobe in this part of Minnesota, but similar 
forms have been for North Dakota and southern Canada. 
The surface forms most clearly related to ice decay are 
those of the Waconia-Waseca Moraine (34) and the Lons
dale-Lerdal Till region (33) where the relief is fairly high. 
The several ground moraine areas ( 42, 43, 44) and the 
Minnesota Lake Plain ( 46) are similar areas but of low 
relief. All of these areas contain flat-topped hills, many 
with very shallow depressions in their centers. Some of the 
low-relief forms cannot be seen clearly at the ground level 
but appear well-defined on air photos. Some geologists 
believe that these till plateaus were essentially made by the 
upward squeezing ("ice:-pressing") of melt water soaked 
till under the pressure of ice surrounding thin or perforated 
ice; others believe they were formed by mud flows ("flow 

till") from the adjacent ice. Either way, the tops may 
have been occupied by ice-surrounded lakes in which 
thin lacustrine silts and clays were deposited. The Minne
sota Lake Plain ( 46) was probably formed from both till and 
lacustrine materials deposited on and around decaying ice 
masses, for no clear-cut flat lacustrine topography is pres
ent. Few sand and gravel deposits (indicating vigorously 
flowing water) can be found in these areas of stagnant ice. 

In contrast to these areas of ice stagnation, a few units, 
namely the Prior Lake Moraine (35A), the Emmons
Faribault Moraine (35B) and the Hayward-Owatonna 
Moraine (35C) seem to have been areas of actively 
moving ice. The somewhat irregular topography resulted 
perhaps from the continuous distortion and breaking up 
of fracture patterns in the ice, the continuous burial of ice 
blocks by overriding ice, and their subsequent melting. All 
of these morainal units, though irregular in ground plan, 
have flat-topped hills similar to the well-defined areas of 
stagnant ice terrain, indicating that the final events in these 
morainal areas were those of ice disintegration. 

Most of the sand and gravel, either in the form of out
wash or stratified ice-contact deposits (the "kames" and 
"eskers" mentioned in the descriptions of the individual 
geomorphic units), is associated to some extent with these 
areas of moving ice. These were presumably places into 
which ice was moving, melting rapidly, and providing rapid 
and voluminous flow of melt water needed for the deposi
tion of sand and gravel on the ice, in tunnels in and under 
the ice, and among ice blocks. These were the upstream 
portions of the several outwash plains (29, 30, 31), most 
of which head in alignments of ice-contact stratified drift 
in the moraines. The ice-contact stratified drift now pre
served at the surface must have been the last formed, for 
otherwise it would have been destroyed or buried by the 
moving ice. 

These areas of outwash, and their adjacent moraines 
mark halts in the general northward and westward re
treat of the ice of the Des Moines lobe. 

The valley of the Minnesota River ( 3 2), which is over
sized in relation to the present day Minnesota River, origi
nally carried drainage water from the local outwash de
posits and, for example, deposits in southeastern Carver 
County, on the northwest side of the valley. At this time 
the valley was partly occupied by ice. It was gradually 
uncovered during the northward and westward retreat of 
the Des Moines lobe. 

Later when the Des Moines lobe retreated into the 
Red River Valley, it carried melt water to the Mississippi 
River from Glacial Lake Agassiz, which had as its site the 
southern part of the present Red River Valley. The Glacial 
River Warren, the main southern drainage outlet of the 
lake, carved the present deep, wide Minnesota valley. The 
several terrace levels observable along the valley, if not 
local outwash deposits, are related to downcutting of the 
Mississippi River, as the elevation and position of the 
lake's outlet changed. In many places, the floor of the val
ley has been scoured out almost to bedrock where only a 
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thin veneer of winnowed bouldery till remains of an origi
nal valley fill. 

The northeastward trending course of the valley, like 
the movement of the Grantsburg sublobe, was probably 
determined by the presence of a lowland in the bedrock 
Minneapolis Low. 

The older drift area 

The older drift area is that part of the St. Paul Sheet 
south and east of the units associated with the Des Moines 
lobe, the Grantsburg sublobe, and the St. Croix moraine. 

The extreme southeastern part of the older drift area 
in parts of Houston and Winona counties seems to be large
ly free of glacial drift. It is considered part of the Driftless 
Area which extends into southwestern Wisconsin, north
western Illinois, and northeastern Iowa. Some disagree 
with the term "driftless" and believe they have identified 
patches of Nebraskan (?) till in some parts of the Driftless 
Area. 

Along the Mississippi River the region of old drift, with 
or without drift, is deeply dissected by tributaries to the 
Mississippi, especially the Red Wing-La Crescent Uplands 
( 40). Paleozoic rocks are locally well-exposed. 

The valley floors of the tributaries contain incised fills 
of lake sediments and alluvium graded to older terraces 
along the Mississippi. These local valley fills and terrace 
remnants of Mississippi Vally fills are probably related 
to discharges of melt waters during the formation of 
the St. Croix Moraine and the advances and retreats 
of the Des Moines lobe and the Grantsburg sublobe. 
Later, when Glacial River Warren drained Glacial Lake 
Agassiz, downcutting predominated, leaving the terraces. 
When Glacial Lake Agassiz no longer drained through 
Glacial River Warren, the Mississippi resumed alluviation 
of its valley. 

Possibly an almost universal feature of the nearly level 
surfaces of the old drift area is the cover of windblown silt 
or loess which thickens towards the east. It is probably not 
older than the Wisconsin, and it was derived from the Mis
sissippi Valley train deposits (29) as well as from local 
tributary outwash and valley train deposits ( 30, 31). Some 
loess laps onto the edges of the Des Moines lobe deposits 
and comprises the silty surface of the Northfield-Myrtle 
Moraine (36). 

The age of the glacial drift in this area has been 
disputed, and probably drift of at least two ages is 
present. Most of the surface has been developed on Kansan 
till from which the original soil was removed and the 
newly eroded surface covered with loess. The lowering of 
the Kansan till surface so that it maintained long gently 
sloping surfaces without excessive dissection has been ex
plained by an appeal to pedimentation, a process of land
scape modification now largely restricted to arid and semi
arid regions. During pedimentation coarse sediments were 
deposited along the major drainageways leading off the 
eroded Kansan surface. These deposits are mostly cov
ered with a loess. Present-day soils are formed in the 
loess but their properties are frequently greatly influenced 

by the underlying material. Earlier geologists believed that 
this loess-covered drift was deposited by an early Wiscon
sin glaciation, the Iowan, a concept pretty well abandoned 
for the state of Iowa. The removal of the Kansan soil and 
weathering profile gave this drift a deceptively young ap
pearance. 

CLIMATE OF THE ST. PAUL SHEET AREA2 

The climate of any land area is an extremely important 
component of the resources. Climate affects, to some de
gree, most of man's activities. Some of the general climate 
characteristics of this area are given in the series of nine 
diagrams. The area has a typical continental climate with 
wide extremes in temperature from summer to winter. 
Total annual precipitation varies from 28 inches in the 
Minnesota River Valley in the northwest to 32 inches in 
the very southeast part (figure 18). About 40 percent of 
the precipitation falls during the summer (figure 19). 

The annual snowfall averages about 40 inches. This 
approximates 4 inches water content. Figures 20 and 21 
show that this area averages about 30 to 45 days with 6 
inches or more of snow on the ground and 10 to 20 days 
with over 12 inches. 

The average date of the last occurrence of frost in the 
spring ranges from May 2 to May 12 (figure 22), the first 
frost in the fall ranges from September 26 to October 11 
(figure 23). 

Summer weather is typically one of warm days and 
relatively cool nights. Figure 24 shows that maximum 
temperatures in July average 83° F. in the south central 
counties to 86° F. along the Mississippi River. The mini
mum temperatures in July average 58° F. in the south 
central to about 63 degrees in the larger river valleys, in 
the metropolitan areas, and the southwest part of the area 
(figure 25) . 

One of the important aspects of the climate is the tem
perature and moisture range which occurs within the soil 
and within the air several feet above ground. The nature 
of the soil, local topography, direction of slope and vegeta
tion all interact to modify long term air temperature aver
ages. The south central part of the area is the coldest; how
ever, to date meteorologists cannot answer why. Agrono
mists are also aware of this cold area since early maturity 
soybeans grown are the most successful. 

Additional information about the climate of the area 
is available from references listed at the end of the report. 

2. Prepared by Earl L. Kuehnast, Climatologist for Minnesota. 
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Figure 18. Annual normal precipitation in inches. 1951· 
1970. St. Paul Sheet. (Adapted from Climatography of the 
United States. No. 60-21. U.S. Dept. of Commerce, 1972.) 
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Figure 19. Summer (June, July, August) normal precipita· 
tion in inches. 1941·70. St. Paul Sheet. Prepared by Earl l. 
Kuehnast, State Climatologist, 1973. 
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Figure 20. Average number of days per year when snow 
cover is more than 6 inches. 1951-1970. St. Paul Sheet. 
Prepared by Earl l. Kuehnast, State Climatologist, 1973. 
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Figure 21. Average number of days per year when snow 
cover is more than 12 inches. 1951-1970. St. Paul Sheet. 
Prepared by Earl l. Kuehnast, State Climatologist, 1973. 
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Figure 22. Average date of last occurrence of 32° F. or 
lower in the spring. St. Paul Sheet. (Adapted from Minn. 
Tech. Bull. 243, 1963.) 

Figure 23. Average date of first occurrence of 32° F. or 
lower in the fall. St. Paul Sheet. (Adapted from Minn. 
Tech. Bull. 243, 1963.) 



Figure 24. Average daily maximum temperature during 
July. 1951-1970. St. Paul Sheet. (Adapted from Climato· 
graphy of the United States. No. 60·21. U.S. Dept. of 
Commerce, 1972.) 

Figure 25. Average daily minimum temperature during 
July. 1951-1970. St. Paul Sheet. (Adapted from Climato
graphy of the United States. No. 60-21. U.S. Dept. of 
Commerce, 1972.) 

WOODLAND 

Most of the woodland areas in the St. Paul Sheet occur 
in the Red Wing-La Crescent Uplands geomorphic region 
( 40) on the bluffs adjoining the Mississippi River and its 
tributaries. The Minnesota Memorial Hardwood State For
est coincides with much of this geomorphic region ( 40) . 
Most of the woodland area consists of soils that are too 
shallow, rocky, droughty, or steep for agricultural use. 
The stands are now generally understocked because the 
great demand for white oak, bur oak, basswood, and maple 
caused those species to be cut heavily. 

Most of the red oak is used for railroad crossties and 
lumber for constructing and maintaining farm buildings. 
Black walnut and butternut are sold as veneer logs, and 
considerable white oak is used by the cooperage industry. 
A few trees are cut for fence posts, Christmas trees, and 
firewood. Nearly all the hardwoods can be used as pulp
wood, but currently only a limited market exists. It has 
been estimated that there are nearly 500,000 acres of 
potential commercial forest land in the St. Paul Sheet area. 
Most of this acreage is in need of improved management. 

RECREATION 

The recreational use of land and water is subject to 
increasing demand with the increasing population of the 
St. Paul Sheet area. Recreational use of land takes on 
many aspects-from intensive use as in playgrounds, to 
extensive use as in nature and hiking trails. 

Table 22 is a general outline of kinds of limitations for 
various recreational activities as they might be adopted in 
the several soil landscape units of the St. Paul Sheet area. 
In the selection of recreational areas the total landscape 
generally needs to be considered. In the review of a given 
area, several soil landscape units may occur and should 
be evaluated collectively. Also, an association of land and 
water will be a significant consideration. A study of the 
map will reveal areas where these associations occur. 

INFORMATION FOR THE ENGINEER 

Because of the general nature of soil landscape units, 
which include several major and minor soil series, it is 
impossible to give specific engineering data such as engi
neering classification, particle size, liquid limit, plasticity 
index, percolation rates, shrink-swell potential, and car
rosivity. These can be obtained from onsite investigations. 
Table 23 gives an approximate range in the AASHO and 
Unified classification of materials in the respective land
scape units. 

Engineers may find this map useful for locating sources 
of sand and gravel. Large peat areas which may cause 
difficulties in road location can be observed. Landscape 
units with clay will likely have high shrink-swell potential. 

Prime sources of gravel will be found in the Mississippi 
Valley Outwash, Cannon Valley Outwash, Cedar Valley 
Outwash, and Minnesota Valley Outwash. Within the Prior 
Lake Moraine, Emmons-Faribault Moraine, and the Hay
ward-Owatonna Moraine pockets of sand and gravel are 
common and many are indicated by sand and gravel sym
bols on the map. 

Bedrock is generally shallow on the RLWD, RLWL, 
RSWD, RLPD, R, and SSR soil landscape units. Some 
shallow to bedrock areas are shown by rock outcrop sym
bols. Limerock suitable for crushing usually occurs within 
the soil landscape units containing R. 

-47-



~ 
00 

Table 22. Degree and ki!lds of !imitatioils for specified recreational uses 

landscape 
unit 

lCWl ........ , 

loamy over 
well-drained, 
colored soils. 

colored soils. 

IVIIJIJer:31e·-flllW seasonal 
water table; surface soil 

and son when wet; 

Picnic areas, parks 
and extensive 

areas 

sonal water 
surface soil is 
and soH when wet; 
slow 

nature 
trails 

Golf course 

Moderate-high water 
t~ble and low ~atural table. 
fertility. 

Tents and trailer 
sites 

soil is 
when wet 

slmJes. Severe-
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Table 22 (continued). Degree and kinds of limitations for specified recreational uses 

Landscape 
unit Description 

RLWL . . . . . . . . . . Silty or loamy over 
rock, well-drained, 
light-colored soils. 

SLWL . . . . . . . . . . Loamy over sandy, 
well-drained, light
colored soils. 

LSWL . . . . . . . . . . Sandy over loamy, 
well-drained, light
colored soils. 

LLPD ......... . Deep silty or loamy 
poorly drained, dark
colored soils. 

Playground, athletic 
field and intensive 

play areas 

Picnic areas, parks 
and extensive 

play areas 

Moderate-2-6% slopes. Moderate-6-12% 
Severe-over 6% slopes. slopes. Severe-over 

12% slopes. 

Slight-0-2% slopes. Slight-2-6% slopes. 
Moderate-2-6% slopes. Severe-over 12% 
Severe-over 6% slopes. slopes. 

Moderate-few surface 
s~ones; vegetation d iffi
cult to maintain in 
some places. 
Moderate-2-6% slopes. 
Severe-over 6% slopes. 

Moderate-vegetation 
difficult to maintain 
in some places. 
Moderate-6 to 12% 
slopes. Severe-over 
12% slopes. 

Bridle paths, 
nature and hiking 

trails 

Moderate-rock out
crops and stones occur. 
Moderate-12-18% 
slopes. Severe-over 
18% slopes. 

Slight-2-12% slopes. 
Severe-over 18% 
slopes. 

Slight-2 to 12% 
slopes. Moderate-12 
to 18% slopes. Severe 
-over 18% slopes. 

Severe-high water 
table; frequently ponded. 
Moderate-surface soil 

Severe-high water Severe-high water 

is sticky and soft when 
wet. 

table; frequently ponded. table; frequently pond
Moderate-surface soil ed. Moderate-surface 
is sticky and soft soil is sticky and soft 
when wet. when wet. 

Golf course 
fairways 

Moderate-rock out
crops and stones occur. 
Moderate-6-18% 
slopes. Severe-over 
18% slopes. 

Slight-2-6% slopes. 
Moderate-6-12% 
slopes. Severe-over 
12% slopes. 

Moderate-vegetation 
may be difficult to 
maintain in some spots. 
Moderate-6-12% 
slopes. Severe-over 
12% slopes. 

Severe-high water 
table; frequently pond· 
ed; surface soil is sticky 
and soft when wet. 

Cottages, service 
and utility buildings 

Moderate-6-12% 
slopes. Severe-over 
12% slopes. Severe
Where shale occurs per
meability is very slow. 

Slight-2-6% slopes. 
Moderate-6-12% 
slopes. Severe-over 
12% slopes. 

Tents and trailer 
sites 

Moderate-6-12% 
slopes. Severe-over 
12% slopes. 

Slight-2-6% slopes. 
Moderate-6-12% 
slopes. Severe-over 
12% slopes. 

Moderate-some stones Slight-2-6% slopes. 
may hinder construction. Moderate-6-12% 
Slight-2-6% slopes. slopes. Severe-over 
Moderate-6-12% 12% slopes. 
slopes. Severe-over 
12% slopes. 

Severe-high water Severe-high water 
table; frequently ponded. table; frequently 

ponded. 
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Table 22 (contirmed). Degree and kinds of limitatioi!s for specified recreational uses 

unit Description 

A . . . . . . . . . . . . . . Alluvial land. 

SSR . 

LCPD ......... . 

colored soils. 

SevHe-high water 

surface 
when wet. 

Severe-high seasonal 
water poor traf

permea-

seasonal 

nature 
trails 

ed; soft orga11ic sur
lace soil. 

Severe-high seasonal 
water table. Moderate
surface soil is 
and soft when wet. 

Golf course 

.... 01/0r~.-""a" water 
pond· 

ed; soft orgar1ic sur
face soiL 

Severe-high seasonal 
water table. 
Moderate-surface soil 
is and soft wllen 
wet. 

Cottages, serllice 
and utility 

Se\fere-high water 
table; pond-
ed; soft ' 
face soil. 

Tents and trailer 
sites 

Severe-high water 
table; pond-

soft omanic surface 

'-'OI!om_r,Am·~~· stolies Severe-bedrock, stones 
and cliffs exp(Jsed. 
Sevm·e-over 

Severe-high seasonal 
water table; slow 
permeability. 

slopes. 

Severe-high seasonal 
water poor tr~f-
ficability; per-
meability. 



Table 23. Apprm!imate engineering dassific&~til:m of materials <Jt the surface •md at 5 feet in "the soil icmdscape units delineated irn the St P~iul 
Sheet 

Soil AASHOl Unified2 
landscape 
unit Surface 5 feet+ Surface 5 feet+ 

SSWD •••••••••• 0 •••• 0 A-2, A-2-4 A-1, A-2, A-3, A-2-4 SP, SP-SM, SM SP, SP-SM, SM, GP 
SSWL ••• 0 •••••••••••• Jl.-2, A-2-4 A-1, A-2, A-3, A-2-4 SP, SP-SM, SM SP, SP-SM, SM, GP 
SLWD •••••••••••••• 0. A-2, A-4, A-6 .1\-1, A-2, A-3, A-2-4 SM, SM-SC, Ml, ML-Gl SP, SP-SM, SM, GP 
SLWL ................ A-2, 11-4, A-6 A-1, A-2, A-3, A-2-4 SM, SM-SC, Ml, Ml-Cl SP, SP-SM, SM, GP 
SLPD . . . . . . . . . . . . . . . . A-2, A-4, A-6 A-1, A-2, A-3, A-2-4 SM, SM-SC, ML, Ml-Cl SP, SP-SM, SM, GP 
SlPl ............... 0. A-2, A-4, A-6 A-1, A-2, A-3, A-2-4 SM, SM-SC, ML, Ml-CL SP, SP-SM, SM, GP 
LSWL •••••••••••• 0 0 •• A-2, A-2-4- A-4, A-6 SP, SP-SM, SM SM, SC, SM-SC, ML 
llWD ................ A-4, A-6, 11-1 A-4, A-6, A-7 Ml, Ml-Cl, Cl3 Cl, ML-Cl 
LLWL .......... ' ..... A-2-4, A-4, A-6 A-2-4, A-4, A-6 Sl, Ml, Cl SM, Ml, Ml-Cl, Cl 
llPD ••••••••••••• 0 •• A-4, A-6, A-7 A-4, A-6, A-7 ML-Cl, CL3 Cl, ML-Cl, MH-CH 
lLPl . . . . . . . . . . . . . . . . . A-2-4 A-4, A-6 SM, Ml, Cl SM, Ml, Ml-Cl, GL 
lCWD ................ A-7 A-4, A-6, A-7 Ml, ML-Cl, Cl, MH-CH3 Cl, ML-Cl, MH-CH 
LCWL ................ A-6, A-7 A-4, A-6, A-7 ML, Ml-Cl, Cl, MH-CH CL, Ml-Cl, MH-CH 
LCPD ................ A-6, A-7 A-4, A-6, A-7 Ml, ML-Cl, Cl, MH-CH3 Cl, Ml-Cl, MH-CH 
RLWD ................ A-2-4, A-4, A-6 Bedrock SM, SM-SC, Ml, ML-CL Bedrock 
RLPD ................ A-2-4, A-4, A-6 Bedrock SM, SM-SC, Ml, Ml-Cl Bedrock 
RLWL ................ A-2-4, A-4, A-6 Bedrock SM, SM-SC, Ml, ML-Cl Bedrock 
RSWD ................ A-2, A-2-4 Bedrock SP, SP-SM, SM Bedrock 
SSR ................. Variable Bedrock Variable Bedrock 
R ••••••••• 0 ••• 0 ••••• Bedrock Bedrock Bedrock Bedrock 
fl. ••• 0 ••••••••••••••• 0 Variable Variable Variable Variable 
p 

•••••••••••••••• 0 ••• A-8 A-8 P+ P+ 
M •• " ••••••••••• 0 •••• 

1 American Association of State Highway Officials. Standard Specification for Highway Materials and Methods of Sampling and Testing, 1961. 

2 Waterways Experiment Station. Corps of Engineers. The Unified Soil Classification System, Tech. Memo. 3-351, Vol. 2, 1953. 

3 The surface 1 to 2 feet of these soil landscape units has considerable organic matter. The Unified Classification is OL or OH. 
This material should be removed and stocl<piled for use as topsoil on cuts and embankments. 

APPENDIX A 

Short Descriptions of Soil Series Classified at the Subgroup Category 

Alluvial soils, undifferentiated-Consists of recent alluvi
um of variable textures and of variable drainage on 
flood plains. 

Arenzville-Light-colored, moderately well to well~drained 
silt loam 25 to 50 inches thick over dark-colored silt 
loam about 15 inches thick over stratified silt loam 
and fine sand of alluvial origin (Typic Udifluvent). 

Biscay-Dark-colored, poorly drained loam 24 to 36 
inches thick over coarse and very coarse sand (Typic 
Haplaquoll). 

Bixby-Light-colored, well-drained, loam to day loam 24 
to 36 inches thick over coarse sand and gravel (Typic 
Hapludalf) _ 

Boone-Light-colored, excessively drained, fine sand and 
sand 20 to 40 inches over sandstone bedrock (Typic 
Quartzipsamment) . 

Braham-Light-colored, well-drained, loamy fine sand 
about 24 inches thick, over sandy day loam or loam 
about 18 inches thick, over calcareous loam till (Arenic 
Eutrochrept). 

Burkhardt-Dark-coiored, excessively drained, sandy loam 
about 20 inches thick over stratified coarse sands and 
fine gravel (Typic Hapludaoll). 

Burnsville-Light-colored, excessively drained, sandy loam 
about 13 inches thick over loam about 7 inches thick 
over calcareous gravelly coarse sand and gravel (Typic 
Hapludalf) 0 

Chelsea-Light-colored, excessively drained, loamy fine 
sand over acid fine sand with thin bands of sandy loam 
below about 3 feet (Alfie Udipsamment)-

Clarion-Dark-colored, well-drained loams about 30 to 40 
inches thick over calcareous loam till (Typic Haplu
doll). 
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Clyde-Dark-colored, poorly to very poorly drained silty 
clay loams about 40 inches thick over heavy loam till 
which is calcareous at about 5 feet (Typic Haplaquoll). 

Colo-Dark-colored, poorly drained, silty clay loam allu
vium (Cumulic Haplaquoll). 

Comfrey-Dark-colored, poorly drained, silty clay loam 
alluvium (Cumulic Haplaquoll). 

Capas-Dark-colored, well-drained, sandy loam or light 
loam overlying sandstone or occasionally limestone at 
about 20 to 30 inches (Lithic Hapludoll). 

Cordova-Dark-colored, poorly to somewhat poorly 
drained, silty clay loam over clay loam till (Typic 
Argiaquoll). 

Dakota-Dark-colored, well-drained, loam or sandy loam 
over loam to about 35 to 43 inches over sand con
taining a few pebbles (Typic Argiudoll). 

Derinda-Light-colored, well to moderately well-drained, 
silt loam over silty clay loam to about 18 to 24 inches 
over silty clay over soft limestone or clay shale (Typic 
Hapludalf). 

Dodgeville-Dark-colored, well-drained, silt loam about 
16 inches thick over silty clay loam or clay about 20 
inches thick over weathered limestone (Typic Argiu
doll). 

Darchester-Dark-colored, moderately well-drained, cal
careous silt loam over stratified silt loam, loam, very 
fine sandy loam, and fine sandy loam (Typic Udiflu
vent). 

Downs-Moderately dark-colored, well-drained, silt loam 
about 17 inches thick over 16 inches of light silty clay 
loam over silty loess (Mollie Hapludalf) . 

Dubuque-Light-colored, well-drained, silt loam about 16 
inches thick over light silty clay loam to clay about 12 
inches thick over fragmented limestone (Typic Hap
ludalf). 

Estherville-Dark-colored, well-drained, slightly acid 
sandy loam with sandy clay loam subsoil over limy 
coarse sand and gravel below 14 to 24 inches (Typic 
Hapludoll). 

Etter-Dark-colored, well to excessively drained, slightly 
acid sandy loam or loam over sandy clay loam or loam 
subsoil over St. Peter or Jordan sandstone at about 24 
to 36 inches (Typic Hapludoll). 

Faxon-Dark-colored, poorly to very poorly drained, silt 
loam about 8 inches thick overlain by a few inches of 
peaty organic matter, underlain by about 12 inches of 
heavy silt loam to sandy clay loam over sandy lime
stone bedrock (Typic Haplaquoll). 

Fayette-Light-colored, well-drained, medium acid silt 
loam about 11 inches thick over strongly acid light 
silty clay loam about 36 inches thick over silty loess 
(Typic Hapludalf). 

Floyd-Dark-colored, somewhat poorly drained, loam to 
heavy loam about 24 inches thick over sandy clay loam 
to light sandy loam subsoil over loam glacial till (Aquic 
Hapludoll). 

Gale-Light-colored, well-drained, slightly acid silt loam 
about 8 inches thick over medium acid silt loam to 
light silty clay loam subsoil grading to medium acid 
sand over sandstone bedrock at about 40 inches (Typic 
Hapludalf). 

Garwin-Dark-colored, poorly drained, silty clay loam 
about 14 inches thick over 18 inches of silty clay loam 
subsoil over silty loess (Typic Haplaquoll). 

Genesee-Light-colored, well-drained, silt loam or loam 
alluvium (Typic Udifluvent). 

Glencoe-Dark-colored, very poorly drained, clay loam 
about 24 to 35 inches thick over about 13 inches of 
loam over calcareous loam glacial till ( Cumulic Hapla
quoll). 

Guckeen-Dark-colored, moderately well-drained, me
dium acid silty clay loam about 12 inches thick over 
medium acid silty clay to clay over calcareous clay 
loam (Aquic Hapludoll). 

Hayden-Light-colored, well-drained, loam over slightly 
acid clay loam over calcareous loam glacial till (Typic 
Hapludalf) . 

Hubbard-Dark-colored, somewhat excessively drained, 
slightly to medium acid loamy coarse sand about 14 
inches thick over slightly acid coarse sand (Udorthentic 
Haploboroll). 

Huntsville-Dark-colored, well to moderately well-drained, 
mildly alkaline silt loam about 54 inches thick over 
mildly alkaline loam alluvium ( Cumulic Hapludoll). 

Kasota-Moderately dark-colored, well-drained, loam 
about 9 inches thick over slightly to medium acid clay 
loam to clay subsoil grading to calcareous sand at 
about 30 inches (Typic Argiudoll). 

Kasson-Moderately dark-colored, moderately well
drained, medium acid silt loam over strongly acid silty 
clay loam to loam subsoil over calcareous loam glacial 
till (Aquollic Hapludalf). 

Kato-Dark-colored, poorly drained, slightly acid silty clay 
loam to silt loam over slightly acid silt loam subsoil 
grading to sand and coarse sand at about 35 inches 
(Typic Haplaquoll). 

Kenyon-Dark-colored, moderately well-drained, medium 
acid silt loam about 20 inches thick over medium acid 
loam about 28 inches thick over calcareous loam gla
cial till (Typic Hapludoll). 

Kilkenny-Moderately dark-colored, well to moderately 
well-drained, slightly to medium acid clay loam surface 
over medium acid heavy clay loam subsoil over cal
careous clay loam glacial till (Mollie Hapludalf). 

Kingsley-Moderately dark-colored, well-drained, slightly 
acid sandy loam to loamy sand about 14 inches thick 
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over medium acid to strongly acid heavy sandy loam 
subsoil about 20 inches thick over medium acid sandy 
loam till (Mollie Hapludalf). 

Kingston-Dark-colored, moderately well-drained, silt 
loam about 16 inches thick over heavy silt loam to 
light silty clay loam about 10 inches thick over silt 
loam to very fine sandy loam about 18 inches thick 
over calcareous silt loam to very fine sandy loam 
(Aquic Hapludoll). 

Lakeville-Dark-colored, excessively drained, fine sandy 
loam 5 to 10 inches thick over slightly acid loani 6 to 
12 inches thick over calcareous sand, gravel, and stones 
(Typic Hapludoll). 

Lerdal-Dark-colored, somewhat poorly to moderately 
well-drained, slightly to medium acid silty clay loam 
about 14 inches thick over strongly to very strongly 
acid silty clay to heavy clay loam about 28 inches thick 
over calcareous clay loam shaly till (Udollic Ochra
qualf). 

Lester-Moderately dark-colored, well-drained, medium 
acid light clay loam about 13 inches thick over medium 
to slightly acid clay loam subsoil over strongly cal
careous loam till (Mollie Hapludalf) . 

Le Sueur-Dark-colored, moderately well to somewhat 
poorly drained, light clay loam about 19 inches thick 
over medium acid clay loam subsoil about 20 inches 
thick over calcareous loam till ( Aquic Argiudoll). 

Lura-Dark-colored, poorly drained, slightly acid silty 
clay about 35 inches thick over neutral light silty clay 
about 10 inches thick over neutral to calcareous clay 
loam till (Cumulic Haplaquoll). 

Marna-Dark-colored, poorly drained, slightly acid silty 
clay about 20 inches thick over slightly acid to neutral 
clay subsoil about 20 inches thick over calcareous clay 
loam till (Typic Haplaquoll). 

Marshan-Dark-colored, poorly to very poorly drained, 
loam to clay loam about 14 inches thick over slightly 
acid clay loam to loam or sandy loam subsoil about 18 
inches thick over gravelly sand (Typic Haplaquoll). 

Maxfield-Dark-colored, poorly drained, light silty clay 
loam about 24 inches thick over silt loam to loam 
about 33 inches thick over calcareous loam (Typic 
Haplaquoll). 

Meridian-Moderately dark-colored, well-drained, loam to 
light loam about 16 inches thick over slightly to me
dium acid sandy clay loam to sandy loam about 20 
inches thick over medium acid sand (Mollie Haplu
dalf). 

Merton-Dark-colored, moderately well to somewhat 
poorly drained, slightly acid silt loam about 23 inches 
thick over slightly acid loam to sandy clay loam about 
25 inches thick over calcareous loam till (Aquic 
Hapludoll). 

Moland-Dark-colored, well-drained, slightly acid silt 
loam about 20 inches thick over slightly acid loam, 

about 29 inches thick over calcareous loam till (Typic 
Hapludoll). 

Mt. Carroll-Moderately dark-colored, well-drained, me
dium acid silt loam about 25 inches thick over medium 
acid heavy silt loam to very light silty clay loam about 
17 inches thick over calcareous silty loess (Mollie 
Hapludalf). 

Nicollet-Dark-colored, moderately well to somewhat 
poorly drained, slightly to medium acid, light clay loam 
over strongly calcareous loam till (Aquic Hapludoll). 

Oshawa-Light-colored, very poorly drained, calcareous 
silty clay loam about 20 inches thick over strongly 
calcareous silty clay loam about 20 inches thick over 
silty clay loam alluvium (Cumulic Haplaquoll). 

Ostrander-Dark-colored, well-drained, slightly to medium 
acid loam to silt loam about 20 inches thick over 
strongly acid heavy loam to sandy clay loam subsoil 
about 18 inches thick grading to mildly alkaline loam till 
(Typic Hapludoll). 

Plainfield-Light-colored, excessively drained, medium 
acid loamy sand to sand about 20 inches thick over 
strongly acid medium and coarse sand about 28 inches 
thick with some small pebbles over strongly acid fine 
and medium sand (Typic Udipsamment). 

Port Byron-Dark-colored, well-drained, medium acid silt 
loam 44 inches thick grading to silt loam, which is cal
careous at about 60 inches (Typic Hapludoll). 

Racine-Moderately dark-colored, well-drained, slightly 
acid silt loam about 16 inches over medium acid loam 
about 20 inches thick over calcareous loam till (Mollie 
Hapludalf). 

Rauville-:----Dark-colored, very poorly drained, calcareous 
highly organic silty loam surface over calcareous silt 
loam, sandy loam, or silty clay loam about 30 inches 
thick over stratified sand and silt loam ( Cumulic 
Haplaquoll). 

Renova-Light-colored, well-drained, medium acid silt 
loam surface about 10 inches thick over medium acid 
silty clay loam to clay loam subsoil grading to slightly 
acid and neutral loam at a depth of about 50 inches 
over calcareous loam to clay loam till (Typic Haplu
dalf). 

Rockton-Dark-colored, well-drained, slightly to medium 
acid loam about 20 inches thick over medium acid 
loam to clay loam about 10 inches thick over limestone 
bedrock (Typic Argiudoll). 

Sargeant-Light-colored, somewhat poorly drained, strong
ly acid silt loam about 20 inches thick over medium 
acid clay loam about 26 inches thick over mildly cal
careous clay loam glacial till (Typic Glossaqualf). 

Schapville-Dark-colored, well to moderately well-drained, 
neutral silt loam about 8 inches thick over medium to 
slightly acid silty clay loam about 14 inches t~ick, 
grading to calcareous heavy silty clay shale and lime
stone (Typic Argiudoll). 
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Seaton-Light-colored, well-drained, slightly to medium 
acid silt loam about 20 inches thick over medium acid 
loam about 40 inches thick over slightly acid silty loess 
(Typic Hapludalf). 

Skyberg-Light-colored, somewhat poorly drained, me
dium acid to strongly acid silt loam about 12 inches 
thick over strongly to medium acid silty clay loam to 
loam about 24 inches thick, grading to calcareous loam 
glacial till (Udollic Ochraqualf). 

Sparta-Dark-colored, excessively drained, neutral loamy 
sand, about 12 inches thick over medium to strongly 
acid loamy sand to sand about 24 inches thick over 
medium acid sand (Entic Hapludoll). 

Talcot-Dark-colored, very poorly drained, calcareous 
silty clay loam about 26 inches thick over calcareous 
clay loam grading to calcareous coarse sand and fine 
gravel (Typic Hapquoll). 

Tama-Dark-colored, well-drained, strongly acid light 
silty clay loam surface and subsoil to a depth of about 
45 inches over medium acid silty loess (Typic Argiu
doll). 

Tell-Light-colored, well-drained, medium acid silt loam 
about 14 inches thick over strongly acid silt loam to 
silty clay loam about 14 inches thick grading to sand 
which becomes less acid with depth (Typic Hapludalf). 

Timula-Light-colored, well-drained, slightly acid to neu
tral silt loam about 15 inches thick over calcareous 
coarse silt loam (Typic Eutrochrept). 

Truman-Dark-colored, well-drained, neutral to slightly 
acid silt loam about 30 inches thick over mildly alka
line silt loam about 8 inches thick over calcareous silt 
(Typic Hapudoll). 

Udolpho-Moderately dark-colored, somewhat poorly 
drained, slightly to medium acid, silt loam about 18 
inches thick over strongly acid loam about 12 inches 
thick grading to slightly acid sand about 12 inches 
thick over calcareous sand and gravel (Mollie Ochra
qualf). 

Wadena-Dark-colored, well-drained, neutral to slightly 
acid loam about 20 inches over slightly acid sandy 
loam about 10 inches thick grading to calcareous 
coarse sand and fine gravel at about 40 inches (Typic 
Hapludoll). 

Waukegan-Dark-colored, well-drained, neutral to slightly 
acid silt loam about 15 inches over medium acid silt 
loam about 18 inches thick over neutral coarse sand 
and fine gravel about 9 inches thick over calcareous 
coarse sand and gravel (Typic Hapludoll). 

Webster-Dark-colored, poorly drained, neutral clay loam 
about 27 inches thick grading to calcareous loam gla
cial till (Typic Haplaquoll). 

Whalan-Light-colored, well-drained, neutral silt loam to 
loam about 9 inches thick over medium acid loam to 
clay loam about 13 inches thick over occasional neutral 

clay about 2 inches thick on bedded limestone (Typic 
Hapludalf). 

Zimmerman-Light-colored, excessively drained, acid 
loamy fine sand to fine sand about 60 inches thick over 
fine to medium sand (Alfie Udipsamment). 

APPENDIX B 

Percent of area within counties, or parts of counties, in 
the St. Paul Sheet having detailed soil surveys as of 
December 1970. 

Blue Earth . . . . . . . . . . . . . 79 

Carver ................ 100 

Dakota ................ 100 

Dodge ................ 100 

Faribault . . . . . . . . . . . . . . . 100 

Fillmore . . . . . . . . . . . . . . . 100 

Freeborn . . . . . . . . . . . . . . . 87 

Goodhue . . . . . . . . . . . . . . . 100 

Hennepin . . . . . . . . . . . . . . 100 

Houston 100 

LeSueur . . . . . . . . . . . . . . . 93 

Mower . . . . . . . . . . . . . . . . 19 

Nicollet . . . . . . . . . . . . . . . . 100 

Olmsted . . . . . . . . . . . . . . . 33 

Ramsey . . . . . . . . . . . . . . . 0 

Rice .................. 100 

Scott ................. 100 

Sibley . . . . . . . . . . . . . . . . . 42 

Steele ................. 100 

Wabasha . . . . . . . . . . . . . . . 100 

Waseca ................ 100 

Washington . . . . . . . . . . . . . 100 

Winona 100 

Wright ................ 100 

GLOSSARY 

Alluvium (alluvial deposits) -Soil material, such as sand, 
silt, or clay deposited on land by streams. 

Calcareous-Material having a high percentage of lime 
carbonate. 

Drift-(glacial drift)-Any deposit in a glaciated area 
originating as a result of glaciation. 

Esker-A ridge of sand and gravel deposited by a sub
glacial stream flowing in an ice tunnel. 

Fragipan-A subsoil layer, somewhat compacted or ce
mented, which restricts downward movement of water. 

Ground moraine-Glacial debris consisting chiefly of un
sorted material that occurs in wide areas and has a 
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gently irregular surface. The debris is deposited under
neath and at the margin of a glacier during the active 
recession of the ice sheet. 

Lacustrine-Deposits formed on the bottom of lakes. 

Limy-See calcareous. 

Loess-A geological deposit of relatively uniform, silty 
material transported to its present position by wind. 

Melt water-The water which flows on, in, or out of a 
glacieL 

Moraine-Unconsolidated rock and mineral debris de
posited by glacial ice. It commonly consists of a het
erogeneous mass of unsorted material, but that de
posited by glacial melt water is sorted. See also ground 
moraine and terminal moraine. 

Natural drainage-The conditions that existed during the 
development of the soil, as opposed to altered drain
age which is commonly the result of artificial drainage 
or irrigation, but may be caused by the sudden deep
ening of channels or the blocking of drainage outlets. 

Six classes of natural drainage are recognized in this 
report. 

Excessively drained soils are commonly very porous 
and rapidly permeable (sandy and gravelly) and have 
a low moisture-storage capacity. 

Well-drained soils are nearly free from mottling and 
are commonly of intermediate texture. 

Moderately well-drained soils commonly have a mod
erately and slowly permeable layer in or immediately 
beneath the rooting zone. They have uniform color in 
the upper rooting zone and are mottled below 16 to 
20 inches. 

Somewhat poorly drained soils are wet for significant 
periods, and are commonly mottled below a depth of 
6 to 16 inches. 

Poorly drained soils are wet for longer periods. They 
are dark gray or black and are generally mottled 
within a depth of 18 inches. In some soils, mottling 
may be absent or nearly absent. 
Very poorly drained soils are wet nearly all the time. 
They have a dark-gray or black surface layer and are 
gray or light gray, with or without mottling, in the 
rooting zone below the surface soiL 

Outwash plain-A plain formed by deposition of sorted 
and stratified material by glacial melt waters. 

Peat-A dark brown or black residuum produced by the 
partial decay of plants growing in wet places. 

Permeability-The ability of the soil to transmit air or 
water. 

Reaction-The degree of acidity or alkalinity of soil ex~ 
pressed in pH values or in words as follows: 

pH 
Extremely acid ............... below 4.5 
Very strongly acid ........... 0 •• 4.5-5.0 
Strongly acid ................. 0 5.1-5.5 
Medium acid . . . . . . . . . . . . . . . . . . 506-6.0 
Slightly acid ................... 6.1-6.5 
Neutral . . . . . . . . . . . . . . . . . . . . . . . 6.6-7.3 
Mildly alkaline ............ 0 • • • • 7.4-7.8 
Moderately alkaline . . . . . . . . . . . . . 7.9-8.4 
Strongly alkaline ....... 0 • • • • • • • 8.5-9.0 
Very strongly alkaline . . . . . . . . . . . 9.1 and higher 

Relief-In geology, the difference in height from the low
est parts to the highest parts of an area. 

Subsoil-Roughly, the part of the soil profile between the 
subsurface and the substratum. 

Substratum-A layer beneath the subsoil consisting of 
material, frequently of dissimilar materials, from which 
soils were formed. 

Subsurface-Soil layer immediately below the surface soil 
or plow layer ranging from 6 to 12 inches thick. 

Surface soil-Ordinarily the plow layer or the surface 5 to 
12 inches. 

Terminal moraine-Glacial debris heaped in the form of a 
belt or zone of hills and basins at the terminus or mar
gin of a glacier. It marks the maximum extent of the 
ice during a major advance. 

Terrace (geological)-An old sandy and gravelly alluvial 
plain, ordinarily level or nearly level bordering a river. 
They are seldom subject to overflow. 

Texture, soil-The relative proportions of sand, silt, and 
clay particles in a mass of soil. The basic textural 
classes, in order of increasing proportion of fine par
ticles are related to the three classes used in this re
port, follow: 
S-sand and sand (also includes gravel). 
L-sandy loam, loam, silt loam, silt, sandy clay loam, 
and clay loam. 
C-silty clay loam, sandy clay, clay, and clay. 

Till-Unstratified and unsorted glacial drift deposited di
rectly by a glacier. 

Till plain-See ground moraine. 
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SiELEClTE[I REFERENCES AND SOURCES OF IU»IJJ!l!ONAl INfiJRMA" 

liON OF PHYSICAl RESOURCES Of UIIE S'L !PAUl SHiEIET ~ 

IMIW~NES(I"fffl\ SOil ,!11US 

Sci~:s 

Soil survey reports have been date of issue in 
of the following counties: Carver ( 1968), 

Dakota (1960), Dodge (1961), Faribault (1947), Fill
more (1958), ( 1973), Houston ( , 
LeSueur (1954), Nicollet (1958), Olmsted (1928), Ram
sey (1914), Scott (1959), Wabasha (1965), Waseca 
(1965), and (1968). 
H still in print, are available from the local county 
agricultural agent or from Bulletin Room, Minnesota 
cultural Station, of uuuu•v.ov 

Minnesota 55101. 
Interim soil have been for Free-

counties and for four townships sur
rounding Rochester. These are of limited availability but 
may generally be viewed at the office 
of the Soil Conservation Service. 
Physical Land Conditions in Washington County, Minne
sota. United States Department of Agriculture, Soil Con
servation Service. Physical Land No. Issued 
1944.S* 
Erosion and Related Land Use Conditions in Winona 
County, Minnesota. United States Department of 
ture, Soil Conservation Erosion No. 
Issued 194 L S 

Soils of the Twin Cities Metropolitan Area and their 
relation to urban development. Lowell D., Clem
ent D. Springer, Rouse S. Farnham, Alex S. Robertson, 
and Evan K Allred. Extension Service Bull. 
No. 320, 1966. Bulletin University of Minnesota, 
St. Paul, Minnesota 55101. S 

Wate~ 

Minnesota Lakes, An Index and Guide. Dept. of Conserv., 
1964. Documents Centennial Bldg., St. Paul, 
Minn. 55101. C 
Minnesota's Lakeshore-Resources, Development, Policy 
Needs. Part 1 Statistical Part II. Center for 
Urban and 
1970.S 
Quality of Waters, 
M. L. Div. of 
1963. Documents 
Minn. 55101. C 

1955-1962. Maderick, 
Dept. of Conserv. Bull. No. 

Centennial Bldg., St. 

*The availability of these materials is indicated code: F~ 
copy free on request; S-a limited number of available 
for free distribution; C-charge made; R-reference only at 
office indicated or at libraries. Geological Survey reports are 
available in Winchell Library, Pillsbury Hall and Walter Library, 
University of Minnesota. Soil survey reports listed are available 
in the St. Paul Campus Library, University of Minnesota. 

Recreational. Use of Rivers and Streams in Minnesota, 
Minnesota Outdoor Recreation Resources Commission 
(MORRC). Staff Study Report No.1 , 1965. Documents 

Centennial Bldg., St. Paul, Minn. 55101. C. 

"'""r'·''""' of Ponds and Small Lakes. 
G. M. and E. R. Allred. Minn. 

Exp. Sta. Tech. BulL 257. 1968. S 

Water Resources of Minnesota. ~v'Iinnesota Farm and 
Home Science 21-3. Minn. 1964. Bulletin 
Room, Univ. of Minn., St. Paul, Minn. 5510L F 

Water Resources Data for Minnesota. Part I. Surface 
Water Records. Part H. Water Records. U.S. 
of Geological 1971, R 

S;mi!atim'l 

Causes and Prevention of Failure of Septic Tank Percola
tion Federal Administration (FPlA). A 
Technical Studies Report, FHA, April 1964. of 
Documents, D.C. 20402. R 

Development of a Field Procedure for Predicting Move
ment of Liquid Wastes in Soils. Prog. Report No. 2 Geo-

and Natural Madison, Wis. 1971. 
s 
Minnesota Water Supply and Pollution Problems. Minn. 

of Health, Section of Water and Gen. Eng., 
Univ. of Minn., 55440. F 

Recommended Well Ordinance. Minn. Dept. of Health, 
Section of Water Supply and Gen. Eng., Univ. of 
Minn., Minn. 55440. F 

Sanitation Problems in Unsewered Areas. Minn. Dept. of 
Health, Section of Water Supply and Gen. Eng., 1959, 
Univ. of Minneapolis, Minn, 55440. F 

Standards for Design of Soil Absorption Type Disposal 
for Public Establishments. Minn. of Health 

Section of Water Supply and Gen. Eng., Univ. of 
Minn., Minn. 55440. F 

Economics 

Farm Business Summaries By Type of 
eastern Minnesota. Annual T 
Persons. of Agr, and Econ. Univ. of Minn., 
St. Paul 55 . S 

Minnesota Outdoor Recreation Plan. Executive Summary. 
Documents Section, Minn. Dept. of Cons. Centennial Bldg., 
St. Paul55101. C 

Fertilizer Use in Minnesota. Buxton, Boyd M. and William 
A. Econ. Info. Rpt. R68-5. of Agr. and 
plied Econ., Univ. of Minn. St. Paul . 1968. F 
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Economies of Size in Minnesota Dairy Farming. Buxton, 
Boyd M. and Harald R. Jensen. Minn. Agr. Exp. Sta. 
Bull. 488. St. Paul 55101. 1968. F 

Forestry 

Minnesota's Forest Trees. Miles, William R. and Bruce L. 
Fuller. Minn. Agr. Exp. Sta. Ext. Bull. 363. 1971. F 

Minnesota Soil and Water Conservation Needs Inventory. 
Minn. Agr. Exp. Sta. Ext. Service. 1967. F 

The Forest Resources of Southeastern Minnesota. Office 
of Iron Range Resources and Rehabilitation. St. Paul. 
1957. R 

The Original Forests of Minnesota. After map by Marsch
ner, F. J. Lake States Forest Exp. Sta., USDA. St. Paul 
1930. R 

Geology 

Role of the Wadena Lobe in the Wisconsin Glaciation of 
Minnesota. Wright, H.E. 1962. Geological Society of 
America Bulletin, V. 73, p. 73-100. R 

The Southern Outlet of Lake Agassiz. Matsch, C. L. and 
H.E. Wright, 1969. in Life, Land and Water, edited by 
W. J. Mayer-Oakes, University of Manitoba Press, Winni
peg, p. 121-140. C 

Iowan Drift Problem, Northeastern Iowa. Ruhe, R. V. and 
W. P. Dietz, T. E. Fenton, and G. F. Hall, 1968. Iowa 
Geological Survey Report of Investigations 7. C 

Glaciation of Minnesota and Iowa. Wright, H. E. and R. 
V. Rube, 1965. in The Quaternary of the United States 
edited by Wright, H. E. and D. G. Fey, Princeton Univer
sity Press, Princeton, New Jersey, p. 29-41. C 

Physiography of Minnesota in Geology of Minnesota: A 
Centennial Volume. Wright, H. E., 1972. Edited by P. K. 
Sims and G. B. Morey. Minnesota Geological Survey. 
Chapter VII. C 

Quaternary Geology of Minnesota and Parts of Adjacent 
States. Frank Leverett, 1932. U.S. Geological Survey Pro
fessional Paper 161. R 

Glacial and Periglacial Geomorphology. Embleton, C. and 
C. A.M. King, 1968. Edward Arnold, London. C 

Glacial Drift in the "Driftless Area" of Northeast Iowa. 
Trowbridge, A. C. 1966. Geological Survey Report of 
Investigations 2. R 

Climate 

Climate of Minnesota. Part I. Probability of Occurrence in 
the Spring and Fall of Selected Low Temperatures. Baker, 
Donald G. and Joseph H. Strub. Minn. Agr. Exp. Sta. 
Tech. Bull. No. 243, 1963. F 

Climate of Minnesota. Part II. The Agricultural and Mini
mum Temperature-Free Seasons. Baker, Donald G. and 
Joseph H. Strub. Minn. Agr. Exp. Sta. Tech. Bull. No. 
245, 1963.F 

Climate of Minnesota. Part III. Temperature and Its Ap
plication, Baker, Donald G. and Joseph H. Strub. Minn. 
Agr. Exp. Sta. Tech. Bull. No. 248, 1965. F 

Climate of Minnesota. Part IV. Spring Soil Temperatures. 
Baker, Donald G. and Joseph H. Strub. Minn. Agr. Exp. 
Sta. Misc. Rpt. No. 67, 1966. F 

Climate of Minnesota. Part V. Precipitation Facts, Nor
mals, and Extremes. Baker, Donald G. and Joseph H. 
Strub. Minn. Agr. Exp. Sta. Tech. Bull. No. 254, 1967. F 

Climate of Minnesota. Part VI. Solar Radiation at St. Paul. 
Baker, Donald G. Minn. Agr. Exp. Sta. Tech. Bull. 280. 
1971. F 

Climate of Minnesota. Part VII. Areal Distribution and 
Probabilities of Precipitation in Minneapolis-St. Paul 
Metropolitan Area. Baker, Donald G. and EarlL. Kuehn
ast. Minn. Agr. Exp. Sta. Tech Bull. 293, 1973. F 

Climate of Minnesota. From Climatology of the United 
States No. 60-21. U.S. Dept. of Commerce, N.O.A.A. 
Rev. 1972. C 

Snow Cover and Winter Soil Temperatures at St. Paul, 
Minnesota. Baker, Donald G. Bull. 37. Water Resources 
Research Center, 1971. F 

-57-








