


A typical landscape on the Fergus Falls ~ 
Till Plain. 

Sandy soils such as this Hubbard soil are 
extensive in the St. Paul Sheet area of 
central Minnesota. These are shown as 
yellow and gold on the map. 

'Y 
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Lakes of all sizes are numerous in this part of Minnesota. 
The three largest lakes in the St Cloud Sheet are Min~ 
newaska in Pope County, Osakis in Todd and Douglas 
counties, and Green Lake in Kandiyohi County. Green 
Lake is near St. John's University at Collegeville. 

Potatoes are grown in two main areas in Minnesota: in 
the Red River Valley ami on sandy Mississippi terrace 
soils. From 18 to 22 inches of water are required per year ~ 

potatoes so irrigation is essential on sandy soils. 

Dairy herds allow efficient use of the extensive hay and pasture land of 
this part of the state . 
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l11trodm::tion 

Information is lacking on the soils and landscape char
acteristics of large areas of Minnesota. Many planning 
agencies simply have to go without information needed 
for their work. Detailed soil surveys published on a scale 
of 1:20,000 or 1:15,480 are being made by the United 
States Department of Agriculture (USDA) Soil Conserva
tion Service (SCS) in cooperation with the Minnesota 
Agricultural Experiment Station to fill this need. Because 
they cannot be supplied rapidly enough for broad plan
ning, the Soil Atlas is being developed. It is not intended to 
replace detailed soil survey reports, which are essential 
for planning the use of smaller pieces ofla:nd. Detailed soil 
survey work, where available, has been assembled and 
supplemented to compile the St. Cloud Sheet of the Min
nesota Soil Atlas. 

Until detailed soil surveys are available for an 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 will still be 
necessary. It is proposed that this series of maps be pub
lished 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 Smvey topog.raphic 
maps and other maps prepared by the Minnesota Geologi
cal Survey. The St. Cloud Sheet contains the SL Cloud 
quadrangle and part of the Milbank quadrangle. 

The St. Cloud Sheet encompasses approximately 
5,567,874 acres in west-central Minnesota from 45o to 
46° N. latitude and from 90° W. longitude to the state 
border with the Dakotas. 

How the Map Was Prepared 

The base map was prepared from the SL Cloud quad
rangle and part of the Milbank quadrangle, 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 de
tailed soil surveys where available. Field work was neces
sary when no detailed soil survey existed. 

Attempting to provide a generalized map for the user 
with a minimum soils knowledge, soils are 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); clayey (C); mixed sandy and loamy 
(X); mixed silty orloamy and clayey (Y): 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 exces
sively 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 the surface soil with dark color designated 
(D); and light color designated (L). 

4 

Th.us the Nebish* series would appear on the map as 
LL WL ~nd would be interpreted from the map as a light
colored, well-drained loamy soil over loamy material (in 
this instance loamy glacial tin). Flak, Mora, and Hayden 
would also occur in this landscape unit in the St. Cloud 
Sheet area. 

Some areas on the map do not have a four-letter symbol 
of a soil landscape unit. These are areas of organic soils 
which are shown with two-letter symbols. The first letter 
relates to the nature of the material below the rooting 
zone-acid (A) or non-acid (N) if organic and (C), (L), or 
(S) as previously defined for mineral soil~. 

0 

Twenty-one geomorphic areas are dehneated to Illus
trate broad physiographic features and to provide some 
identification of parent materials on which. the soils have 
developed (table 1). Several geomorphic areas win 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 geomorphic areas. Principal soil series, 
when known, are induded in tables. 

* Brief descriptions of named soils in the region are in appendix. 

Table 1. Acreillge estimates of geomorphic areas within the St 
Cloud Sheet 

Percent of 
Acres sheet 

Agassiz lacustrine Plain, Red River 
Valley ........................ 340,500 6.1 

2 Fergus Falls (Young Gray Drift), 
Till Plain ..................... 376,120 6.7 

2E Graceville Till Plain, clayey ......... 136,320 2.4 
3 Alexandria Moraine Complex ....... 998,120 Hl 
78 Todd Drumlin Area ............... 37,620 0.7 
8 Park Rapids-Staples Outwash Plain . 40,340 OJ 
9 St Croix Moraine Complex, loamy, 

rolling to hilly ................. 428,200 7.7 
108 Darling Drumlin Area ............. 174,880 3.1 
10C Brainerd-Pierz Drumlin Area, loamy. 144,680 2.6 
13 Crow Wing Outwash Plain, sandy ... 138,970 2.5 
29 Mississippi Valley Outwash ........ 156,630 2.8 
32 Minnesota Valley Outwash . . . . . . . . . 48,070 0.9 
34 Waconia-Waseca Moraine, loamy 

rolling ....................... 204,100 3.7 
50 Benson lacustrine Plain, silty ...... 262,190 4.7 
51 Big Stone Moraine, loamy .... 0 •••• 544,690 9.8 
55 Osakis Till Plain, loamy ............ 474,600 8.5 
63 Belgrade-Glenwood Outwash Plain, 

undulating .................... 319,610 5.7 
64 Olivia Till Plain .................. 210,380 3.5 
64A Olivia Till Plain, clayey . . . . . . . . . . . . 81,980 1.5 
65 Appleton-Clontarf Outwash Plain, 

undulating ................... 244,800 4.4 
66 Blue Earth Till Plain, undulating, loamy . 204,430 3.7 



Agassiz lacustrine Pia 

This region contains approximately 340,500 acres or 6.1 
percent of the St. Cloud Sheet. 

It is in the southern segment of a large depressed plain, 
formerly occupied by Glacial Lake Agassiz. Although the 
plain is nearly level, a micro-relief exists with the variation 
in elevation generally being less than 1 foot. As the south
ern outlet eroded to lower levels the lake level lowered. At 
each lower stage beach lines were formed. In the St. 
Cloud Sheet the lake occupied four definite stages and 
formed beach lines at each level. The first and highest was 
the Herman stage at 1,060 feet above sea level, Norcross 
at 1 ,040 feet, Tintah at 1 ,020, and Campbell at elevation 
980 feet. During the Campbell stage only a small part of 
the lake remained in the St. Cloud Sheet. Depth to season
ally high water table in most of the region is less than 3 
feet. Three small lakes, each 160 acres or more in areas, 
and part of Lake Traverse are located in the region. The 
total water area is 2,613 acres. 

Wave action in the large shallow body of water modified 
the upper 1 to 2 feet of tilL Lacustrine sediments generally 
are over 3 feet thick in the units mapped CCPD and CLPD 
and in the LL WD areas located in Traverse County. 

Approximately 30 percent of the region consists of alka
line soils. The alkalinity has a tendency to reduce availa
bility of zinc and iron for crop use. Some crops are more 
susceptible to these deficiencies than others. Field corn is 
the crop most likely to be zinc deficient. Soybeans, flax, 
and some species of trees and shrubs are susceptible to 
iron deficiencies. Gypsum crystals are commonly present 
at depths of 2 to 4 feet. 

The original vegetation was mostly tall prairie grass. 
Some northern hardwoods, mostly elm, cottonwood, 
basswood, and boxelder, border some streams. The main 
crops are wheat, barley, soybeans, corn, and sunflowers. 
Very little land remains in pasture or woods. 

Nine soil landscape units are mapped in the region: 
LLPD, CCPD, LLWD, CLPD, A, CCWD, SLWD, 
SSWD, and YLPD. Table 2 lists selected features of the 
units. Additional information follows: 
LLPD- Texture in 15 to 25 percent of the unit is clayey. 

These areas occur as inclusions (minor soil land
scape units too small to map). Boundaries be
tween units delineated as LLPD and CCPD in 
many places are very gradual and indistinct. 
This is especially true along the border area 
between the St. Cloud and Brainerd Sheets. Also 
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included are 5 to 10 percent somewhat poorly to 
moderately well-drained soils, 5 to 10 percent 
silt loams and 5 to 10 percent having a coarser 
horizon 10 to 20 inches thick in the upper 3 foot 
section. Fifteen to 25 percent of the unit consists 
of limy soils. (Typic Haplaquolls) 

CCPD- Included in this unit are soils containing numer
ous areas 20 to 50 feet in diameter, having a 
grayish, silty, medium to slightly acid horizon, 6 
to 15 inches thick below the surface. Fine day 
lacustrine sediments occur below the gray layer. 
These small areas total about 10 percent of the 
unit. In the large CCPD area in Traverse County 
south of Wheaton, small patches 10 to 15 feet in 
diameter consist of poorly structured surface 
soils and fine clay subsoil and substrata. Water 
permeability is very slow. During wet periods 
water interferes considerably with tillage opera
tions. Included are small areas of loamy and 
silty soils. Approximately 30 percent is limy soiL 
(Vertic Haplaquolls) 

LLWD-Most of the soil in the unit is limy. In 5 to 10 
percent of the unit clayey sediments occur within 
depths of2 to 4 feet. Another 5 to 10 percent are 
poorly drained. (Aerie Calciaquolls) 

CLPD- The unit includes 10 to 15 percent with loamy 
substrata. About 10 percent is better drained. 
(Typic Calciaquolls) 

A- The unit includes som·e very poorly drained soils. 
(Not classified) 

CCWD-Included are 10 to 15 percent poorly and very 
poorly drained and 10 to 15 percent loamy soils. 
(Udertic Haploborolls) 

SLWD--Sand and gravel occur within 15 inches of the 
surface in 15 to 30 percent of the unit. Ten to 15 
percent is poorly drained. (Pachic Udic Haplo
borolls and Udic Haploborolls) 

SSWD-About 10 percent is sandy in the substrata. 
Another 10 percent is poorly drained. (Udor
thentic Haploborolls) 

YLPD- Soil texture below 24 to 36 inches is intermixed 
loamy and clayey. (Typic Haplaquolls and V er
tic Haplaquolls) 



Table 2. Selected features of soil landscape units within the Agassiz Lacustrine Plain, Red River Valley (1) geomorphic region 

Soil Percent 
landscape geomorphic 
unit region 

CCPD 18 

CLPD 2 

CCWD 

SSWD 

Water 

Landscape 
position 

nearly level 
lake plain 

nearly level 
lake plain 

nearly level 
lake plain 

gently sloping 
beaches 

Most common 
texture and 
thickness 
(feet) 

Moisture 
relationships 

Rooting zone Substratum 
Inches of 
available 
water 

silty clay to 
clay (3-4) 

fine sandy 
loam, loam 
and silt 
loam 
(2-4) 

silty clay to 
clay (4) 

sandy loam 
to gravelly 
sandy loam 
(1-2) 

to 5 feet 

silty clay 8-12 
to clay 
(4-20+) 

silty clay 8-12 
loam to silty 
clay (4+) 

clay to silty 
clay (4+) 

sand and 
gravel (2-4+) 

8-12 

4 
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Drainage 
class 

Approximate 
fertility in 
rooting zone 

pH p 

poorly drained 6.6-7.8 low 

poorly drained 7.6-8.2 low 

moderately 
well drained 

well drained 

6.4-7.4 low 

6.6-7.8 high 

K 
Representative 
soil series 

high Fargo 
to very Hegne 
high 

medium Unnamed 

high 

low 

Nutley 

Sioux 
Arvilla 



Fergus Falls (Young G 

The region covers approximately 376,120 acres or 6.7 
percent of the St. Cloud Sheet. 

The plain is dominantly undulating to gently rolling. 
Bordering most lakes the topography is more rolling. A 
large nearly level area occurs in the southwestern part of 
the region. This area is poorly drained and mapped 
LLPD. Small marshes and pot holes are common. Sea
sonal high water tables are more than 5 feet deep on well
drained soils and less than 5 feet on poorly drained soils. 
Thirty-five lakes, each 160 acres or more in size and total
ing 14,856 acres, occur in the region. 

The till covering the region is loamy and calcareous. 
Several clayey areas are located here. Most occur along 
the Pornrne de Terre River, in Stevens County, north of 
Morris. 

This region was originally covered by tall prairie grass. 
Northern hardwoods border some lakes and streams. 
These were mainly elm, basswood, cottonwood, and ash. 
The principal crops are wheat, com, oats, some soybeans, 
and hay (brome grass, alfalfa). Five to 10 percent is pas
ture and less than 5 percent is wooded. About 90 percent is 
cropland. 

·Seven soil landscape units are mapped: LLWD, LLPD, 
CCWD, CCPD, A, SLWD, and SLPD. Table 3 lists se
lected characteristics of the units. Additional information 
follows. 

LL WD-An estimated 70 percent of the unit has well
drained soils, 20 percent has moderately well 
drained, and 10 percent has poorly to very 
poorly drained. Fifteen to 25 percent is limy to 
the surface. The unit includes less than 5 percent 
sandy, gravelly, and clayey soils. The till con
tains a relatively high percent silt in places, es
pecially in parts of Grant County. A thin silt cap 
occurs in places. (Udic Haploborolls) 

LLPD- The large area in the southwest part of the re
gion and some areas bordering region (1) show 
some influence of water working. The unit in
cludes 10 to 15 percent moderately well-drained 
soils, 15 to 20 percent limy, and about 5 percent 
shallow peat. Approximately 10 percent of the 
unit has very poorly drained soils. About 15 per
cent is clayey. (Typic Haplaquolls) 

CCWD-An estimated 10 percent is loamy, 10 percent 
poorly drained, and 5 percent limy. (Udertic 
Haploborolls) 

CCPD- Approximately 10 percent is· moderately well 
drained and 10 percent very po!)rly drained. 
Another 5 to 15 percent is loamy. (Typic Hapla
quolls) 
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A- These flood plains are subject to frequent over
flows. (Not classified). 

SL WD-The unit includes some upland loamy soils and 
gravelly soils. (Udic Haploborolls) 

SLPD- Included is some loamy and some gravelly soil. 
(Typic Haplaquolls) 

The soil landscape unit designation for this loamy soil developed 
under a mixed forest and prairie vegetation is LLWD. 



Table 3. Selected features of soil landscape units within the fergus falls {Ym.mg Gray Drift) Till Plain (2) geomorphic region 

LLPD 

CCPD 

SlWD 

Percent 
geomorphic 

25 

<1 

Water 4 

landscape 

gently sloping 
to depres
sional upland 

gently sloping 
to depres
sional 

level to 
depressional 

Most common 
texture and 
thickness 
(feet) 

Rooting zone Substratum 

Moisture 
relationships 

Inches of 
available 

loam, clay 
loam, and silty 
clay loam (4) 

loam clay 8-12 

silty clay to 
clay (4) 

sandy loam to 
loam (2-3) 

loam, and silty 
clay loam 
(4-20+) 

silty clay to 
clay {4+) 

sand and 
gravel (3-4+) 

8-12 

11-8 

8 

Drainage 
class 

poorly to 
very poorly 
drained 

poorly to 
very poorly 
drained 

somewhat 
poorly to 
very poorly 
drained 

Approximate 
fertility in 
rooting zone 

pH p 

6,6-7,8 low 

6.4-7.2 low 

6,6-7.8 high 

K 
Representative 
soil series 

medium Flom 
Vallers 
Quam 

medium Fulda 
Dovray 

medium Renshaw 



The plain includes approximately 136,320 acres or 2.4 
percent of the St. Cloud Sheet. 

The region consists of a nearly level to gently rolling till 
plain. It includes some rolling topography. Numerous 
small marshes and potholes occur in the western two
thirds of the region, but are less common in the eastern 
third. Ten lakes, each 160 acres or more and totaling 
approximately 8,069 acres, are located here. The water 
table is normally over 6 feet deep on the higher positions 
and above the surface to 6 feet deep in lower positions. 

The clayey sediments may have been transported from 
Glacial Lake Agassiz by glacial action. 

This region was originally prairie vegetation. Present 
estimated land use is about 90 percent under cultivation, 5 
to 10 percent pasture, and less then 5 percent forest. The 
main crops are com, soybeans, wheat, and oats. 

Six soil landscape units are mapped: CCWD, LLWD, 
CCPD, LLPD, SLWD, and M. Table 4 gives selected 
features of the units. Additional information follows: 

CCWD-Twenty-five to 35 percent of the unit consists of 
limy soils. It includes 10 to 20 percent poorly and 

Graceville Till P 

very poorly drained and 5 to 15 percent loamy 
soils. (Udertic Haploborolls) 

LL WD-The unit includes 10 to 20 percent poorly drained 
soils with some marshy areas and about 5 per
cent limy soils. (Pachic Udic Haploborolls) 

CCPD- Approximately 5 percent is marshy. The unit 
includes 15 to 25 percent moderately well-to 
well-drained soils. About 10 percent is loamy. 
(Typic Haplaquolls) 

LLPD- The unit includes approximately 10 percent 
moderately well-drained, 10 percent clayey, and 
5 percent very poorly drained soils. (Typic Ha
plaquolls) 

SL WD-Included are small areas of gravelly and deep 
sandy soils. (Udic Haploborolls) 

M- Some poorly drained soils are included. 

Table 4. Selected features of soil landscape units within the Graceville Till Plain, clayey (2E) geomorphic region 

Soil Percent 
landscape geomorphic Landscape 
unit region position 

LLWD 27 nearly level 
to gently 
rolling up
land 

Most common 
texture and 
thickness 
(feet) 

Rooting zone Substratum 

Moisture 
relationships 

Inches of 
available 
water 
to 5 feet 

loam to clay loam to clay 8-12 
loam (4) loam (4-20+) 

LLPD 5 gently sloping loam to clay loam to clay 8-12 
to depressional loam (4) loam (4-20+) 
upland 

Drainage 
class 

moderately 
well to well 
drained 

poorly to 
very poorly 
drained 

M <1 low lying 
depressions 

peat or 
mineral soil 

peat or 
mineral soil 

1-4 feet of marshy 
water on surface 
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Approximate 
fertility in 
rooting zone 

pH p 

6.2-7.4 low 

6.6-7.4 low 

K 

high 

Representative 
soil series 

Aastad 
Svea 
Forman 

medium Flam 



rame Complex (3) 

The region contains approximately 998,120 acres or 18 
percent of the St. Cloud Sheet. 

It is a prominent moraine which in many places has 
elevation 100 feet or higher than in bordering regions. The 
land form is a rolling to hilly knob and kettle type contain
ing many small bogs and depressions. The water table is 
normally deeper than 10 feet on knobs and slopes. On 
marshes, peat bogs, and poorly drained positions, the 
water table occurs at the surface to 6 feet deep. The region 
contains 157 lakes, each 160 acres or more and totaling 
approximately 85,688 acres. 

The region consists mainly of loamy till, but includes 
several sandy outwash areas. Most of them occur east of 
Green Lake. In the region's eastern part some areas con
sist of an intermixture of till, sand, and gravel. Several 
relatively small clayey areas occur throughout the region. 
Glacial stones are fairly common. Most of them have been 
removed on cultivated land. 

Regarding native vegetation, the northern and eastern 
parts of the region consisted originally of oak and areas of 
scattered oak trees. In the rest of the region, tall prairie 
grass dominated. The present land use is mainly 50 to 55 
percent cultivated land, 20 to 25 percent pasture, 15 to 25 
percent woodland, and 5 to 10 percent marsh and peat. 
The marshes and peat areas are habitat for wildlife. Prin
cipal crops are com, oats, and hay (brome grass, alfalfa). 

Eighteen soil landscape units are mapped in the region: 
LLWD, LLPD, SLWD, NP, XLWL, LLWL, SLPD, 
CCWD, A, SSWD, LP, M, XLWD, LCWD, LSWL, SP, 
SLWL, and SSWL. Table 51ists selected characteristics 
of the units. Additional information follows: 
LL WD- The unit includes 5 to 10 percent poorly to very 

poorly drained soils and less than 5 percent 
each of clayey, peat, and sandy to gravelly 
soils. It also includes small amounts of light
colored soils. (Udic Haploborolls) 

LLPD- An estimated 5 to 15 percent of the unit has 
moderately well-drained soils. Another 5 to 15 
percent has very poorly drained soils and 5 
percent has organic soils. (Typic Haplaquolls) 

SLWD- Included are 10 to 20 percent sandy, gravelly, 
and shallow loamy soils over sand and gravel. 
Five to 10 percent is poorly drained. (Typic 
Hapludolls) 

NP- Approximately 15 percent of the unit consists 
of shallow peat, 10 percent consists of poorly 
and very poorly drained mineral soils, and 5 
percent has moderately well-drained soils. 
(Euic Typic Borosaprists) 

XL WL-- Approximately 40 percent of the unit has well
drained loamy soils and 35 percent has well
drained sandy and gravelly soils. Inclusions 
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are about 10 percent sandy over loamy, 5 per
cent poorly drained, 5 percent shallow peat 
soils, and 5 percent marshy areas. (Typic Ha
pludalfs) 

LL WL-- Moderately well-drained soils make up about 5 
percent of the unit; 5 percent, each, is dark 
colored, sandy and gravelly; organic and mar
shy, and poorly drained. (Typic Hapludalfs) 

SLPD- The unit includes approximately 10 percent 
moderately well and well-drained soils, 10 per
cent shallow to sand and gravel and coarse 
textured, and 5 percent shallow organic soils. 
(Typic Haplaquolls) 

CCWD- Included with this unit is 5 to 10 percent loamy 
soil, 5 to 10 percent poorly and very poorly 
drained clayey, and 5 percent loamy poorly 
drained to marshy. (Pachic Udic Haplobo
rolls) 

A- About 10 percent of this unit has organic soils. 
Well-drained upland soils areas make up 
another 5 percent. (Not classified) 

SSWD- Included with this unit is about 10 percent 
loamy over 20 inches thick over sand and grav
el. Another 5 percent is poorly drained and 5 
percent is shallow organic and marshy soils. 
(Entic Hapludolls) 

LP- Included is 5 to 10 percent poorly and very 
poorly drained mineral soils, 5 to 10 percent 
deep organic, and about 5 percent moderately 
well-drained soil. (Terrie Borosaprists) 

M- This unit includes some organic and some min
eral soils. 

XL WD- About 40 percent of this unit consists of well
drained loamy soils and 30 percent sandy and 
gravelly soils. It includes about 5 percent 
poorly drained and 5 percent shallow organic 
and marshy soils. (Typic Hapludolls) 

tLCWD-Approximately 10 percent of the unit has deep 
loamy soils and 5 percent has poorly drained 
soils. (Aquic Hapludolls) (Incorrectly mapped 
as CLWD) 

LSWL-- About 10 percent of the unit has loamy soils 
and 10 percent has deep sandy soils. (Arenic 
Eutrochrepts or possibly Eutroboralfs) 

SP, SLWL, and SSWL are minor units. 

tThe soil landscape unit, CLWD, which occurs in this region has an 
incorrect symbol and color on the map. The correct symbol is LCWD 
and the color should correspond with the symbol. 



Table 5. Selected features of soil landscape units within the Alexandria Moraine Complex (3) geomorphic region 

Soil Percent 
landscape geomorphic 
unit region 

LLPD 6 

NP 3 

LLWL 2 

CCWD 

SSWD 

M 

Landscape 
position 

Most common 
texture and 
thickness 
(feet) 

Rooting zone Substratum 

Moisture 
relationships 

Inches of 
available 
water 
to 5 feet 

gently sloping loam to clay loam to clay 8-12 
to depressional loam (41 
upland 

low lying 
depressions 

rolling to hilly 
upland 

gently sloping 
upland 

peat (31 

loam to clay 
loam (41 

silty clay to 
clay (41 

loam (4-20+ l 

peat (3-4+1 

loam to clay 
loam (4-20+ l 

silty clay to 
clay (4+1 

12+ 

8-12 

8-12 

level to rolling gravelly sandy sand and 4 
outwash loam to sandy gravel (2-4+ l 

loam (1-21 

Drainage 
class 

Approximate 
fertility in 
rooting zone 

pH p 

poorly to very 6.6-7.8 low 
poorly drained 

very poorly 
drained 

5.4-7.3 low 

K 
Representative 
soil series 

low to Webster 
medium Flom 

low Sellyeville 
Rifle 

well drained 5.1-6.5 medium medium Hayden 

moderately well 6.5-7.2 low 
drained 

well-drained 6.2-7.8 high 

high 

low 

Sinal 

Salida 
Sioux 
Hubbard 

low lying 
depressions 

peat or mineral peat or mineral 1-4 feet of marshy 
soil soil water on surface 
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A cross sectioil'l o-f soils in a morai11e area often reveals a substratum of wide mil!:ture of materia!s ranging from sands to glacial 
boulders. This soil is shown as an XLWD soil unit on the St. Cloud Sheet. 

Table 5 h:IJJ111tir111u~d). Selected feaJhm~s of soil laruls([;ape Ml'!its within the Alex;rmdria IVhnaine Ci!»mplrex (3) geo
morphic re!Jji!ll1l 

Soil Percent 
landscape geomorphic 
unit 

LSWL <1 

SLWl <1 

Water 9 

Landscape 
position 

rolling to hiliy 
upland 

rolling to 
hilly outwash 

*Incorrectly shown on map as CLWD. 

Most common 
texture and 
thickness 
(feet) 

Rooting zone Substratum 

loamy fine sand loam (3-20+) 
to fine sand (2-3) 

sandy loam to 
loam (2-3) 

sand and 
gravel (3-4+) 

Moisture 
relationships 

Inches of 
available 
water 
to 5 feet 

4-ll 

4-ll 

12 

Drainage 
class 

well drained 

well drained 

Approximate 
fertility in 
rooting zone 

pH p K 

-----------

Representative 
soil series 

5.1-7.3 low to low to Braham 
medium medium 

5.6-6.5 medium low to Burnsville 
medium 



This region is approximately 37,620 acres or 0" 7 percent 
of the St. Cloud SheeL 

Only the southern portion of the Todd Drumlin area 
extends into the St. Cloud SheeL The drumlins here tend 
to be oval shaped hills rather than the characteristic elon
gated form. They are 15 to 40 feet high, north-south ori
ented, and separated by poorly to very poorly drained 
mineral and organic soils. Slopes of the drumlins are 
generally 4 to lO percenL Normally the water table is over 
6 feet deep on the drumlins and at the surface to 3 feet 
deep on low lying inter-drumlin areas. Two lakes, each 
over 160 acres in size and totaling approximately 407 
acres are located here" 

The till is yellowish-brown, calcareous sandy loam. 
Originally the region was covered by northern 

hardwoods, mainly of elm, maple, and oalc Approxi
mately 50 percent is now cultivated, 30 percent pasture, 
and 20 percent forested. Principal crops are com, oats, 
and hay (alfalfa, brome grass, clover). 

Eight soil landscape units are mapped in the region: 
LLWL, LLPL, XLWL, SSWD, P, LLWD, A, and SP. 

) 
Todd Drum!i 

Table 6 gives selected features of the units" Additional 
information follows: 

LL WL-This unit includes 10 to 20 percent very poorly to 
poorly drained soils and 5 to 15 percent organic 
soils" About 5 percent is sandy" (Typic Eutrobo
ralfs) 

LLPL-- The unit includes 10 to 20 percent shallow or
ganic soils and 5 to 15 percent moderately wen
drained soils" (Aerie Ochraqualfs or Fragia
qualfs) 

XLWL-Included in this unit is 5 to 15 percent poody and 
very poorly drained soil and 5 to 15 percent 
organic soiL 

SSWD- The unit includes some 
tic HaploboroHs) 

P, LLWD, A, and SPare minor units. 

soils. (Udorthen· 

Table 6. Selected feat1ues of soil lam:lscap~ 1.mits withiili th!!l Todd llri.imlill Area (1Bl geomorphic regior~ 

Soil Percent 

Most common 
texture and 
thickness 
(feet) 

Rooting zone Substratum 

Moisture 
relationships 

landscape geomorphic landscape 

Inches of 
available 
water 

unit region position to 5 feet 

LLPL 20 

SSWD 2 

lLWD 

gently sloping sandy loam 
to depressional (2-3) 

sandy loam to 8-12 
loam (3-20+) 

level to 
gently sloping 
outwash 

loamy sand to sand and 
gravelly sandy gravel 
loam (1-2) (2-4+) 

4 

gently rolling loam to clay loam to clay 8-12 
upland loam (4) loam (4-20+) 

Drainage 
class 

Approximate 
fertility in 
rooting zone 

pH p 

somewhat poorly 5.8-6.3 low 
to very poorly 
drained 

well drained 505-7.8 high 

well drained 5.1·7.2 low 

K 
Representative 
soil series 

medium Paddock 
Runeberg 

low Sioux 
Hubbard 

medium Waukon 



Table 6 (continued). Selected features of soil landscape units within the Todd Drumlin Area (78) geomorphic region 

Soil Percent 
landscape geomorphic Landscape 
unit region position 

SP <1 low lying 
depressions 

Most common 
texture and 
thickness 
(feet) 

Rooting zone Substratum 

peat (1-4) sandy to 
loamy sand 
(4+) 

Moisture 
relationships 

Inches of 
available 
water 
to 5 feet 

4+ 

Drainage 
class 

very poorly 
drained 

Approximate 
fertility in 
rooting zone 

pH p 

6.0-7.8 low 

K 

low 

Representative 
soil series 

Markey 
Deerwood 

Runoff of waste from a feedlot in Big Stone County is diverted to this lagoon. The liquid manure is then applied to cropland which 
recycles the fertility elements to crops and helps protect Big Stone Lake from excessive amounts of pollution nutrients. 
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Park Rapids-Staples 

This region encompasses an area of approximately 
40,340 acres of 0.7 percent of the St. Cloud Sheet. 

The outwash plain is nearly level to gently rolling with 
steeper slopes bordering some lakes. Some marshy areas 
and a few small peat bogs and depressions occur in the 
plain. Nine lakes each 160 acres or more are located in the 
region. The total water area is approximately 7,565 acres. 
The water table is normally over 6 feet deep on well
drained sites. On marshy and poorly drained positions it is 
surface to 6 feet deep. 

Most of the soils are loamy sands to loam underlain at 
12 to 24 inches by sand and graveL Some soils have 
formed in loamy till. The water holding capacities range 
from low to moderate. 

The original vegetation was mainly areas of scattered 
oak trees. Approximately 70 percent is cultivated, 20 per
cent pasture, 10 percent forested, and 5 percent marshy. 
Principal crops are com, oats, and brome-alfalfa hay. 

Eight soil landscape units are mapped in the region: 
SLWD,SSWD,LLWL,M,XLWL,SLPD,LLPL,LLPD. 
Table 7 gives selected features of the units. Additional 
information follows: 

SLWD-The unit includes 10 to 20 percent coarse-tex
tured soils, 5 to 15 percent poorly drained, or-

ganic, and marshy areas and less than 5 percent 
loamy subsurface materials. (Udic Haplobo
rolls) 

SSWD- Included is 5 to 10 percent 'loamy soil underlain 
by sand and in places some gravel. Poorly 
drained, organic and marshy areas represent 
another 5 percent of the unit. (Udorthentic Ha
ploborolls) 

LL WL-These areas include about 5 percent sandy over 
loamy materials, 5 to 10 percent sandy and grav
elly soils, and 5 percent marshy areas, or poorly 
to very poorly drained soils and shallow organic 
soils. (Typic Eutroboralfs) 

M- An estimated 45 percent is shallow organic, 35 
percent deep organic, and 15 percent poorly to 
very poorly drained mineral soils. About 5 per
cent is moderately well-drained sandy soil. 

XLWL-Includes small areas of dark-colored soils, 
marshes, and poorly drained soils. (Typic Eutro
boralfs) 

SLPD, LLPL, and LLPD are minor units. 

Table 7. Selected features of soil landscape units within the Park Rapids-Staples Outwash Plain (8) geomorphic region 

Soil Percent 
landscape geomorphic Landscape 
unit region position 

Most common 
texture and 
thickness 
!feet) 

Rooting zone Substratum 

Moisture 
relationships 

Inches of 
available 
water 
to 5 feet 

Drainage 
class 

SSWD 30 level to sloping loamy sand to sand and 4 well drained 

M 3 

outwash gravelly gravel (2-4+) 
sandy loam (1-2) 

low lying 
depressions 

peat or mineral peat or 
soil mineral soil 

1-4 feet of marshy 
water on surface 

15 

Approximate 
fertility in 
rooting zone 

pH p 

6.6-7.8 high 

K 

low 

Representative 
soil series 

Sioux 
Arvilla 



Table 7 (continued). Selected features of soil landscape units within the Park Rapids--Staples Outwash Plain (B) geomorphic 
region 

Soil Percent 
landscape geomorphic 
unit region 

SLPD <1 

LLPD <1 

Most common 
texture and 
thickness 
(feet) 

Moisture 
relationships 

Rooting zone Substratum 
Inches of 
available 
water Landscape 

position 

level to 
depressional 

sandy loam to 
loam (2-3) 

gently sloping loam to clay 
to depressional loam (4) 

sand and 
gravel (3-4+) 

to 5 feet 

4-8 

loam to clay 8-12 
loam (4-20+) 

Drainage 
class 

Approximate 
fertility in 
rooting zone 

pH p 

somewhat poorly6.1-7.3 low 
to very poorly 
drained 

poorly to very 6.6-7.4 low 
poorly drained 

K 

low 

Representative 
soil series 

Forada 

medium Flam 
Parnell 

This is a common type of landscape in the St. Croix Moraine. Although some erosion may occur on cropland, the land contains many 
closed depressions which hold sediment out of streams and lakes. 

16 



St. Croix Moraine Complex,lo 

This moraine covers approximately 428,200 acres or 7. 7 
percent of the St. Cloud Sheet. 

The St. Croix is a prominent moraine, having a rolling 
to hilly complex land form. Small peat bogs and depres
sions are common. The water tables on the knolls are 
more than 20 feet deep. On lower positions the water 
tables are at the surface to 6 feet deep. There are 37lakes, 
each 160 acres or more, making the total water area 
approximately 18,700 acres. The Sauk River cuts through 
the moraine :near St. Cloud. 

The till texture is mainly acid and sandy loam. Along the 
west and southwest a limy loam till occurs. In places the 
two tills are intermixed. In the southern and northern 
parts the till is intermixed with sandy loams and loamy 
sands underlain by sand and graveL A relatively large 
outwash plain is located in the southern end of the mo
raine. 

The original vegetation consisted largely of northern 
hardwoods with some areas of scattered oak: trees. An 
estimated 50 to 60 percent is currently forested, 20 to 30 
percent is pastured, and 10 to 20 percent is cropped. Main 
crops are oats, com, alfalfa, and brome. About 5 percent 
consists of marshy and peat areas. 

Fourteen soil landscape units are mapped: XLWL, 
LLWL, SLWD, SLPD, LP, SSWD, LLPD, LLPL, P, 
SSWL, SP, LLWD, A, and SLWL. Table 8lists selected 
characteristics of the units. Additional information fol
lows: 

XL WL-The underlying materials are intermixed sand, 
gravel, and sandy loam glacial till. The unit 
includes 5 to 10 percent poorly to very poorly 
drained mineral soils, organic, and marshy ar~ 
eas. (Typic Fragiochrepts) 

LL WL-Soils underlain by sand and gravel occur in 10 to 
15 percent of the unit. Another 5 to 15 percent is 
intermingled with acid, sandy loam, and limy 
loamy tilL Shallow peat marshes and poorly 
drained soils make up about 5 percent. (Typic 
Fragiochrepts) 

SLWD-Approximately 15 percent of the unit is underlain 
by sand with little or no gravel. Another 10 to 15 
percent is coarse textured, 5 to 15 percent loamy 
till, and 5 to 10 percent poorly drained, orgap.ic, 
and marshy soil. (Typic Hapludolls) 
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SLPD- The unit includes 5 to 15 percent sandy surface 
soil, 5 to 15 percent moderately well to well 
drained, 10 to 15 percent shallow peat over sand, 
and 5 to 10 percent loamy soil. (Typic Haplobo
rolls) 

LP- Approximately 15 percent ofthe unit is deep peat 
and 10 percent is loamy soil. (Terrie Borosa
prists) 

SSWD- This unit includes 10 to 15 percent loamy soil, 
and 5 to 10 percent poorly drained, organic, and 
marshy soil. (Udorthentic Haploborolls) 

LLPD- Ten to 15 percent of the unit has moderately 
well-drained soil, 5 to 10 percent is underlain by 
sand and gravel, and 5 to 15 percent has organic 
soils and marshy areas. (Typic Haplaquolls) 

LLPL- The unit includes some darker-colored, coarse
textured and moderately well-drained soil. 
Some organic soils and marshy areas are also 
included. (Aerie Fragiaqualfs) 

P- Approximately 65 percent is shallow peat and 25 
percent is deep. Poorly drained mineral soils 
make up another 10 percent. (Terrie Borosa
prists) 

SSWL- Included are small areas of dark-colored soils, 
sandy loam, till, and poorly drained soils. (Eu
tric Glossoboralfs) 

SP- Small areas of deep peat, shallow peat over 
loamy till, and some mineral soils are included, 
(Terrie Borosaprists) 

LLWD-Inclusions are minor areas of light, colored 
soils, poorly drained, organic, and coarse-tex
tured soils. (Mollie Hapludalfs) 

A- Some organic soils are included. (Not classified) 

SLWL-This un:it includes some coarse-textured soils, 
poorly drained, organic, and till areas. (Typic 
Hapludalfs) 



Table 8. Selected features of soil landscape units within the St Croix Moraine, loamy, rolling to hilly (9) geomorphic region 

LLWL 

SLPD 

SSWD 

LLPL 

SSWL 

LLWD 

SLWL 

Percent 
geomorphic 

30 

3 

2 

rolling to hilly 
upland 

nearly level to 
depressional 

Most common 
texture and 
thickness 
(feet) 

Rooting zone Substratum 

sandy loam 
(2-3) 

sandy loam to 
loam (2-3) 

sandy loam 
(3-20+) 

sand and 
gravel (3-4+) 

Moisture 
relationships 

Inches of 
available 

4-8 

4-8 

nearly level to loamy sand to sand and gravel 4 
rolling outwash sandy loam (1-2) (2-4+) 

nearly level to 
depressional 

sandy loam 
(1-3) 

sandy loam 
(3-20+) 

8-12 

rolling outwash sandy loam to sand and <4 
loamy sand (1-2) gravel (2-20+) 

rolling upland loam to clay 
loam (4) 

loam to clay 8-12 

rolling outwash sandy loam to 
loam (2-3) 

loam (4-20+) 

sand and 
gravel (3-4) 

4-8 
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Drainage 
class 

well drained 

poorly to very 
poorly drained 

well drained 

somewhat 
poorly drained 

well drained 

well to 
moderately 
well drained 

well drained 

Approximate 
fertility in 
rooting zone 

pH p K 

5.2-6.5 medium low 
to 
high 

6.1-7.3 low low 

5.4-7.3 high low 

5.0-6.2 medium low 
to 
high 

4.8-6.0 high low 

Representative 
soil series 

Flak 
Hayden 

Biscay 
Talcot 

Hubbard 
Salida 

No kay 
Freer 

Chetek 
Zimmerman 

6.1-7.3 low medium Lester 
LeSueur 

5.6-6.5 medium low to Burnsville 
medium 



This region contains approximately 174,880 acres or 3.1 
percent of the St. Cloud Sheet. 

The drumlins are prominent in the northern part of the 
region, but resemble a tiH plain toward the south. Primari
ly it is gently sloping with a few rolling areas bordering the 
rivers. Four streams, Swan, North Two, Two Rivers, and 
Spunk Creek cut through the region. The poorly drained 
soils occur in broad flats as well as in interdrumlin areas. 
The water tables are normally over 6 feet deep on the 
drumlins and at the surface to 6 feet deep in the poorly 
drained areas. No lakes of 160 acres or larger occur in the 
region. The water area is about 1,086 acres. 

The till is noncalcareous brown sandy loam and is 
somewhat compact with a slow permeability rate. 

The native vegetation was primarily northern 
hardwoods. Present land use consists of about 15 to 20 
percent forest of second growth hardwoods, 50 percent 
cropland, and 20 percent pasture. Major crops are com, 
oats, and hay. Ten to 15 percent consists of peat. At times 
it is pastured but during wet periods the water table is 
surface. 

Fourteen soil landscape units are mapped in the region: 
LLWL, LLPL, XLWL, LP, LLPD, SSWD, NP, A, SP, 
SLPD, SLWD, P, LSPL, and SSWL. Table 9 gives se
lected features of the units. Additional information fol
lows: 

LLWL--This unit includes 10 to 20 percent poorly and 
very poorly drained soils and 5 to 15 percent 
shallow peat. Less than 5 percent is sandy and 
gravelly. In places, small amounts of calcareous 
loam till is intermixed with the noncalcareous 
sandy loam tilL (Aquic Fragiochrepts) 

Soil Percent 
landscape geomorphic Landscape 

Most common 
texture and 
thickness 
!feet) 

Rooting zone Substratum 

LLPl 13 gently sloping loam (2-3) sandy loam 
(3-20+) to depressional 

upland 

LLPL- Included in this unit is 5 to 15 percent moderately 
well-drained soil, 5 to 15 percent shallow peat, 
and small amounts of dark-colored soils. (Aerie 
Fragiaqualfs) 

XL WL-Two major areas occur in the unit, one along 
Swan River and the other in the southern part, 
The unit includes 5 to 15 percent poorly drained 
soils and 5 to 10 percent shallow peat. (Typic 
Fragiochrepts) 

LP- About 10 percent deep peat and 5 percent poorly 
drained soils are induded. (Terrie Borosaprists) 

LLPD- The boundary between LLPL and LLPD is in
distinct. This unit includes about 5 percent mod
erately well and well-drained soiL (Mollie Ha
plaquepts) 

SSWD- These outwash areas include 10 to 15 percent 
sandy loams (SL WD), and 5 to 10 percent poorly 
drained soils. (Typic Udipsamments) 

NP-

A-

The unit includes about 20 percent shallow peat, 
5 percent very poorly to poorly drained mineral 
soils, and less than 5 percent moderately well
drained soils. (Euic Typic Borosaprists) 

This unit includes some shallow organic soils. 
(Not classified) 

SP, SLPD, SLWD, P, LSPL, and SSWL are minor units, 

Moisture 
relationships 

Inches of 
available 

8-12 

Drainage 
class 

Approximate 
fertility in 
rooting zone 

pH p K 

somewhat poorly 5.2-6.4 low to low 
to very poorly medium 
drained 

Representative 
soil series 

Nokay 



Table 9 (continued). Selected features of soil landscape units within the Darling Drumlin Area (108) geomorphic region 

LLPD 6 

NP 2 

SP 

SLWD <1 

LSPL <1 

Water 

Most common 
texture and 
thickness 
(feet} 

Rooting zone Substratum 
Landscape 

level to 
depressional 

low lying 
depressions 

low lying 
depressions 

nearly level to 
gently sloping 
outwash 

loam to sandy 
loam (2-3} 

peat (3} 

peat (1-4} 

sandy loam to 
loam (2-3} 

nearly level sand loamy sand 
capped till areas (2-3} 

sandy to loam 
(3-20+} 

peat (3-4+} 

sandy or 
loamy sand 
(4+} 

sand (3-4+} 

sandy loam 
(3-20+} 

Moisture 
relationships 

Inches of 
available 

8-12 

12+ 

4+ 

4-8 

4-8 

20 

Drainage 
class 

Approximate 
fertility in 
rooting zone 

pH p K 

very poorly to 5.2-6.4 low to low 
somewhat poorly medium 
drained 

very poorly 6.0-7.3 low low 
drained 

very poorly 
drained 

well drained 

6.0-7.8 low 

4.8-6.0 high 

poorly to very 5.0-6.0 low 
poorly drained 

low 

low 

low 

Representative 
soil series 

Barrows 
Unnamed 

Seelyeville 
Brophy 

Markey 
Deerwood 

Burkhardt 

Watab 
Nokasippi 



The region contains an area of approximately 144,680 
acres or 2.6 percent of the St. Cloud Sheet. 

The fairly prominent drumlins are 15 to 30 feet high, 0.1 
to 0.3 miles wide, and 1 to 2 miles long. They are oriented 
in a northeast-southwest direction. The drumlins are sep
arated by low, wet mineral and peat soils. Many of these 
inter-drumlin areas are too narrow to delineate on the 
map. The water tables are normally over 6 feet deep on the 
drumlins and at the surface to 6 feet deep on inter-drumlin 
areas. Two lakes, each more than 160 acres in size, are 
located in the region. Total water area is about 581 acres. 

The drumlins consist of non-calcareous, brown sandy 
loam, somewhat compact till which is slowly permeable. 
Cobbles and small boulders are quite common in the till. 

The native vegetation on the drumlins in the northern 
part ofthe region was mostly white spruce and balsam fir. 
In the southern part, oak dominated. Tamarack, black 
spruce, and some wet meadows covered the wet inter
drumlin areas. Approximately 55 percent of the region is 
now under cultivation. The main crops are corn, oats, and 
hay (brome grass, alfalfa, dover). 

About 20 percent is pasture and 20 percent forest. The 
major tree species are aspen, birch, and some elm and 
oak. Approximately 5 percent of the area consists of or
ganic soils. At times it is pastured, but when wet it is idle. 

Thirteen soil landscape units are mapped in the region: 
LLWL,LLPL,LSWL,LLPD,A,XLWL,NP,LP,SSWL, 
SP, SSWD, SSPD, and P. Table 10 gives selected features 
of the units. Additional information follows: 

LLWL--The unit includes about 10 percent poorly 
drained, 10 percent very poorly drained, and 5 
percent shallow peat. Another 5 percent has a 
sand cap 18 to 42 inches thick over the till. 
(Aquic Fragiochrepts) 

LLPL-- Approximately 10 percent of the soil in this unit 
is moderately well drained, 10 percent shallow 
peat, and another 5 percent moderately dark to 
dark colored. (Aerie Fragiaqualfs) 
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LSWL- An estimated 15 percent is poorly to very poorly 
drained, and 5 percent is shallow peat. The unit 
includes about 5 percent loamy surface soils and 
5 percent deep sands. (Typic Fragiochrepts) 

LLPD- This unit consists of approximately 10 percent 
peat, and 10 percent better-drained soils. Small 
areas of sandier soils are also included. (Mollie 
Haplaquepts) 

A- . The unit includes areas of organic soils and 
small areas of upland. (Not classified) 

XLWL-The unit includes about 10 percent poorly and 
very poorly drained mineral soils and 5 percent 
organic. (Typic Fragiochrepts) 

NP-

LP-

Approximately 20 percent of the unit consists of 
shallow peat and about 5 percent mineral soils. 
(Euic Typic Borosaprists) 

Deep peat makes up to about 15 percent of the 
unit. Another 5 to 10 percent has mineral soiL 
(Terrie Borosaprists) 

SSWL- Included are minor areas of deep loamy soils, 
shallow sand over loamy till and some poorly 
drained soils. (Typic Udipsamments) 

SP- Small areas of deep peat and shallow peat over 
loamy till are included. (Terrie Borosaprists) 

SSWD, SSPD and Pare minor units. 



Table 10. Selected features of soil landscape units within the Brainerd-Pierz Drumlin Area, loamy (10C) geomorphic region 

Soil Percent 
landscape geomorphic 
unit region 

LLPL 13 

LLPD 10 

XLWL 3 

LP 2 

SP 

SSPD <1 

Water <1 

Most common 
texture and 
thickness 
(feet) 

Rooting zone Substratum 
Landscape 
position 

low broad drain- sandy loam 
age ways and (2-3) 
depressions 

low broad drain- sandy loam to 
age ways and loam (2-3) 
depressions 

sandy loam 
(3-20+) 

sandy loam 
(3-20+) 

Moisture 
relationships 

Inches of 
available 
water 
to 5 feet 

8-12 

8-12 

sloping to gently sandy loam to sandy loam, <8 
sloping upland gravelly loamy sand and 

sand (1-3) gravel (3-20+) 

drainageways peat (1-4) sand 
(4+) and low lying 

depressions 

8+ 

drainage ways peat (1-4) 
and low lying 

sand to loamy 4+ 
sand (4+) 

depressions 

drainage ways sandy loam, sand (3-4+) <4 
loamy sand and 
sand (1-3) 
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Drainage 
class 

poorly to very 
poorly drained 

poorly to very 
poorly drained 

well drained 

very poorly 
drained 

very poorly 
drained 

Approximate 
fertility in 
rooting zone 

pH p K 

5.4-6.4 low to low 
medium 

5.4-6.4 low to low 
medium 

4.6-6.2 medium low 
to high 

5.4-7.3 low low 

6.0-7.5 low low 

poorly to very 5.5-6.5 low low 
poorly drained 

Representative 
soil series 

No kay 
Barrows 

Unnamed 
Barrows 

Flak 
Emmert 
Pomroy 

Cathro 

Markey 

I san 



This region has approximately 138,970 acres or 2.5 per
cent of the St. Cloud Sheet. 

The Crow Wing Outwash Plain occurs along the Missis
sippi River and terminates near St. Cloud. The plain is 
level to undulating, but includes small areas of rolling 
topography. The water table on well-drained soils is nor
mally over 6 feet deep and at the surface to 6 feet deep on 
lower positions. Four lakes each 160 acres or more in size 
and totaling about 7,600 acres occur in this region. 

Most of the soils are loamy sands and shallow loams 
underlain by sand. The region includes small areas of till 
capped with sands. Most of the soils have a low water 
holding capacity. 

The original vegetation was oak, and areas of scattered 
oak trees, with areas of red, jack, and white pine. At 
present 10 to 15 percent of the region is forested. The main 
species are oak, aspen, and jack pine. An estimated 55 to 
65 percent is cropland and 15 to 25 percent is pasture. 
Corn, oats, soybeans, and brome, alfalfa, hay, are the 
main crops. 

Another 5 to 10 percent consists of organic soils, gener
ally idle, but at times pastured. 

Eleven soil landscape units are mapped: SSWD, SSPD, 
SP, LSWL, A, SLWD, SSPL, SLPD, P, LLPL, and 
LLPD. Table 111ists selected characteristics of the units. 
Additional information follows: 
SSWD- The unit includes 5 to 15 percent loamy surfaces 

with sandy or gravelly subsoils and about 5 per
cent of poorly to very poorly drained soils. 
(Typic Udipsamments) 

SSPD- Included are 10 to 20 percent moderately well
drained soils, and 5 to 15 percent shallow or
ganic soils. (Typic Haplaquolls) 

SP- Approximately 10 percent is deep peat soil and 
15 percent poorly to moderately well-drained 
soil. (Terrie Borosaprists) 

LSWL-This unit consists of till "islands" capped by 
sand. It includes small areas of deep sandy soils. 
(Typic Fragiochrepts) 

A- This unit includes some organic soils. (Not clas
sified) 

SL WD-Included in the unit are small areas of poorly 
drained soils, deep sandy soils, and shallow or
ganic soils. (Typic Hapludolls) 

SSPL- Minor areas of loamy surface soils and organic 
soils are included. (Aquic Udipsamments) 

SLPD- The unit includes small areas of shallow peat 
and moderately well-drained soils. (Typic Ha
plaquolls) 

P- Most of the unit is shallow peat over sand but 
includes some deep peat and poorly drained 
sandy soils. (Terrie Borosaprists) 

LLPL and LLPD are minor units. 

Table 11. Selected features of soil landscape units within the Crow Wing Outwash Plain, sandy (13) geomorphic region 

Soil Percent 
landscape geomorphic Landscape 
unit region position 

Most common 
texture and 
thickness 
(feet) 

Rooting zone Substratum 

Moisture 
relationships 

Inches of 
available 
water 
to 5 feet 

SSPD 13 nearly level to sandy loam, sand (3-20+) <4 
depressional loamy sand 

and sand (1-3) 
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Drainage 
class 

Approximate 
fertility in 
rooting zone 

pH p 

poorly to very 5.5-6.5 low 
poorly drained 

K 

low 

Representative 
soil series 

I san 



Table 1'1 (i::i:lntirnued}, Selected features of soillamlscapl! units within the Cmw Wing Outw'ash Plain, sandy 113) geom11rphic 
r~gion 

Soil Percent 
landscape geomorphic 
unit region 

3 

SSPL 

p 

!..lf'[) <1 

Landscape 
position 

Most common 
textllre and 
thickness 
!feet) 

Rooting zone Substratum 

Moisture 
relationships 

Inches of 
available 
water 
to 5 feet 

nearly level variable: loamy variable: loamy '4-12 
stream bottoms sand to loam sand to loam 

12-4) (4+) 

nearly level to 
depressional 

level to 
depressional 

loamy sand 
!1-31 

peat 11-3) 

nearly level to sandy loam to 
depressional till loam (2-3) 

sand (3-4+) 

sand (3-4+) 

sandy loam 
(3-20+) 

<4 

B-12 

24 

Drainage 
class 

Appro)(imate 
fertility in 
rooting zone 

pH p I( 

poorly drained 6.1-7.2 medium low 

somewhat 5.2-6.2 low low 
poorly to poorly 
drained 

very poorly 6.0-7.8 low low 
drained 

very poorly 
drained 

5.2-6.2 low to low 
medium 

Representative 
soil series 

Alluvial land 

Uno 

Markey 
Deerwood 

Barrows 
Unnamed 



The region has approximately 156,630 acres or 2.8 per
cent of the St. Cloud Sheet. 

The land form is level to undulating with small areas of 
gently rolling to rolling topography, especially bordering 
the lakes located in the southern portion. The water table 
is normally more than 6 feet deep. On the organic soils and 
poorly drained soils the water table is surface to 6 feet 
deep. Twelve lakes each 160 acres or larger and totaling 
about 12,800 acres are located in the region. 

Most of the soils are loamy sands and sandy loams, but 
include some loams. The substrata ranges from sand to 
sand and gravel. The water holding capacity of the soils is 
low to moderate. 

Originally, the vegetation consisted of oak, areas of 
scattered oak trees, and northern hardwoods. Present 
land use consists of about 10 percent forest. Oak and 
aspen are the principal species. Cropland makes up 65 to 
75 percent and pasture 10 to 20 percent of the region. 
Principal crops are com, oats, soybeans, and hay. About 
5 percent of the region is peat and idle land. 

Ten soil landscape units are mapped in the region: 
SSWD,SLWD,SLWL,SLPD,SP,NP,A,LLWL,SSWL, 
and LSWL. Table 12 lists selected features of the units. 
Additional information follows: 

SSWD-Approximately 15 percent of the unit consists of 
sandy soils underlain by sand and gravel, 5 per
cent sandy loams to loams having sand and 
gravel substrata, and 5 percent poorly drained 
soils. (Udorthentic Haploborolls) 

SL WD-The unit includes 20 percent shallow loamy 
sands with some containing very little gravel. 

utwash (29) 

Approximately 5 percent of the unit has poorly 
drained soils. (Typic Hapludolls) 

SL WL- Inclusions consist of about 10 percent dark -col
ored soils; 10 percent loamy sand surfaces, and 
10 percent poorly drained soils. (Typic Haplu
dalfs) 

SLPD- Approximately 10 percent of the unit has well
drained soils, another 10 percent has deep sandy 
soils, and 5 percent has shallow organic soils. 
(Typic Haplaquolls) 

SP- This unit includes 5 to 15 percent poorly drained 
mineral soils, about 5 percent well-drained soils 
and 5 percent deep peat. (Terrie Borosaprists) 

NP- Approximately 15 percent is shallow peat and 10 
percent poorly drained mineral soils. (Euic 
Typic Borosaprists) 

A- The unit includes some shallow organic soils. 
(Not classified) 

LL WL-The unit includes small areas of sandy surface 
soils underlain by loamy till. (Typic Fragio
chrepts) 

SSWL- Small areas of sand underlain at 2 to 4 feet by 
loamy till are included in this unit. (Typic Udip
samments) 

LSWL-This unit includes some deep sands (SSWL). 
(Typic Fragiochrepts) 

Table 12. Selected features of soil landscape units within the Mississippi Valley Outwash (29) geomorphic region 

Soil Percent 
landscape geomorphic Landscape 
unit region position 

Most common 
texture and 
thickness 
(feet) 

Rooting zone Substratum 

Moisture 
relationships 

Inches of 
available 
water 
to 5 feet 

SLWD 19 nearly level sandy loam to sand and 4-8 
to undulating loam (2-3) gravel (3-20+) 
outwash 
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Drainage 
class 

well drained 

Approximate 
fertility in 
rooting zone 

pH p 

6.1-7.3 high 

K 
Representative 
soil series 

low to Estherville 
medium 



Table 12 (continued). Selected features of soil landscape units within the Mississippi Valley Outwash (29) geomorphic region 

Soil Percent 
landscape geomorphic 
unit region 

SLPD 7 

NP 2 

' LLWL 

LSWL 

Landscape 
position 

nearly level to 
depressional 

low lying 
depressions 

Most common 
texture and 
thickness 
(feet) 

Rooting zone Substratum 

loam to sandy 
loam (2-3) 

peat (3) 

sand and 
gravel (3-4+) 

peat (3-4) 

gently rolling sandy loam sandy loam 
to rolling 
upland 

gently sloping 
to sloping 
upland 

loamy sand to sandy 
sand (2-3) loam (3-20+) 

Moisture 
relationships 

Inches of 
available 
water 
to 5 feet 

4-8 

12+ 

4-8 

4-8 
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Drainage 
class 

poorly to very 
poorly drained 

very poorly 
drained 

well to mod
erately well 
drained 

well to 
moderately 
well drained 

Approximate 
fertility in 
rooting zone 

pH p K 

6.0-7.3 low to low 
medium 

6.0-7.3 low low 

4.8-5.8 very 
high 

low 

4.6-5.6 medium low 
to 
high 

Representative 
soil series 

Dassel 
Biscay 

Seelyeville 

Milaca 
Mora 

Pomroy 



The geomorphic region has an area of approximately 
48,070 acres or 0.9 percent of the St. Cloud Sheet. 

The sharp wide valley was cut by the Glacial River 
Warren that drained Glacial Lake Agassiz. The valley 
floor is over 100 feet below the surrounding upland. The 
present day Minnesota River is a relatively small stream 
compared to the glacial River Warren. The valley is nearly 
level to sloping but is dissected to some extent by old 
stream channels. Some colluvial footslopes occur at the 
base of the valley walL Seasonally high water tables are 
less than 5 feet deep in most of the region. The water area 
is about 9,550 acres. 

In the St. Cloud Sheet most of the region consists of 
alluvial land quite variable in texture. 

The original vegetation was mainly prairie and bottom
land hardwoods. Approximately 70 percent is forested 
and 30 percent is cropland and pasture. Com, oats, and 
hay are the main crops. The marshes are good waterfowl 
habitat areas. 

Five soil landscape units are mapped in the region: A, 
LLPD, LLWD, SLWD, and M. Table 13 gives selected 
features of the units. Additional information follows: 

Minnesota Va 

A- Approximately 20 percent is moderately well 
drained and 20 percent is very poorly drained. 
(Not classified) 

LLPD- An estimated 15 percent of the unit has sandy 
over loamy soils and another 10 percent has 
well-drained soils. (Cumulic Haplaquolls) 

LLWD-About 15 percent of the unit has poorly drained 
soils. The unit also includes some sandy and 
some clayey soils. (Cumulic Udic HaploboroHs) 

SLWD-About 10 percent of the unit has deep loamy soils 
and 10 percent has deep sandy soils. (Pachic 
U die Haploborolls) 

M- This unit is marshy most of the time. 

Table 13. Selected features of soil landscape amits within the Mirmesota V<iilley Outwash (321 geomorphic regio~rn 

Soil Percent 

Most common 
texture and 
thickness 
(feet) 

Rooting zone Substratum 

Moisture 
relationships 

Inches of 
available 

geomorphic Landscape 

LLPO 13 nearly level silty clay loam silty clay 8-12 
stream bottoms (2-4) loam (4+) 

SLWD 1 nearly level to sandy loam to sand and 4-8 
gently sloping loam (2-3) gravel (3-20+) 
stream terraces 

Water 20 
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Drainage 
class 

Approximate 
fertility in 
rooting zone 

pH p 
Representative 
soil series 

poorly drained 6.6-1.3 low medium lamoure 

well drained 6.6-7.3 medium low to fordville 
medium Shible 



e, loamy, Romng (34) 

This geomorphic region encompasses an area of ap
proximately 204,100 acres or 3.7 percent of the St. Cloud 
Sheet. 

Only the northern portion of this moraine is located in 
the SL Cloud Sheet area. It consists of loamy mantled 
moraines and ice disintegrated features. The topography 
ranges from rolling to steep. Differences in elevation be
tween lakes to hilltops range from about 60 to 160 feet. The 
water table range is from over 10 feet deep to less than 5 
feet deep. Twenty-eight lakes each 160 acres or more are 
located in the region. Total water area is about 17,000 
acres. Only small areas of sand occur. 

This region is within the area known as the Big Woods. 
Most of the area, however, was originally taU prairie grass 
before being encroached by the forest. The woods con
sisted mainly of oak, elm, basswood, ash, maple, and wild 
cherry. Five to 10 percent of the region is pasture, 5 to 10 
percent peat bogs and marshy areas, 10 percent forests, 
and 75 percent cropland. The principal crops are com, 
oats, alfalfa brome hay, and soybeans. 

Ten soil landscape units are mapped in the region: 
LLWD, LLWL, NP, A, M, LCPD, LP, LLPD, SLWD, 
and XLWD. Table 14lists selected features of the units. 
Additional information follows: 

LL WD-Approximately 10 percent of the unit has poorly 
drained soils, 5 percent wet mineral and peat 
soils, another 5 percent sandy soils, and less 
than 5 percent light-colored soils. (Mollie Ha
pludalfs) 

LL WL---This soil landscape unit includes 5 to 10 percent 
poorly drained areas, 5 percent dark-colored 
soils, and less than 5 percent peat areas. (Typic 
Hapludalfs) 
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NP-

A-

M-

About 15 percent of the unit consists of shallow 
peat and about 10 percent mineral soils. (Euic 
Typic Borosaprists) 

This unit occurs mainly along the North Branch 
Crow Wing River. Textures are variable and the 
alluvial land floods quite frequently. (Not classi
fied) 

These areas are marshy most of the time. 

LCPD- Approximately 10 percent of the unit consists of 
better-drained soik Another 5 percent has shal
low peat soils and small areas of loamy soils. 
(Typic Argiaquolls) 

LP- This unit includes about 10 percent deep peat 
and 10 percent mineral soils. (Terrie Borosa
prists) 

LLPD---- Approximately 15 percent of the unit has well~ 
drained soils" (Typic Haplaquolls) 

SLWD-About 10 percent of the unit consists of deep 
loamy soils. (Typic Hapludolls) 

XL WD-About 55 percent is loamy and 45 percent sandy 
and gravelly. (Mollie Hapludalfs and Typic Ha
pludolls) 



Table 14. Selected features of soil landscape l!lnits within the Waconia-Waseca Moraine, loamy, rolling (34) geomorphic region 

Soil Percent 
landscape geomorphic 
unit region 

LLWL 14 

A 3 

LCPD 2 

LLPD 

XlWD 

Most common 
texture and 
thickness 
{feet) 

Rooting zone Substratum 
Landscape 
position 

rolling uplands loam to clay 
loam (4) 

loam to clay 
loam (4+) 

Moisture 
relationships 

Inches of 
available 
water 
to 5 feet 

8-12 

nearly level variable; loamy variable; loamy 4-12 
stream bottoms sand to silt sand to silt 

loam (2-4) loam (4+) 

depressional 
upland 

silty clay 
loam (4) 

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

loam to clay 
loam (4+) 

loam to clay 
loam (4+) 

8-12 

8-12 

rolling upland sandy loam, 
loam and clay 
loam (2-3) 

sand, gravel 4-12 
and loam (3-4+) 
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Drainage 
class 

well drained 

Approximate 
fertility in 
rooting zone 

pH p K 
Representative 
soil series 

5.1-6.5 medium medium Hayden 

well to poorly 5.6-7.8 low medium Alluvial land 
Huntsville 
Colo 

drained 

poorly drained 6.1-6.5 low to medium Cordova 

poorly to very 
poorly drained 

well drained 

medium 

6.1-7.3 low to low to Webster 
medium medium Glencoe 

Cordova 

5.1-7.3 lowto lowto lester 
medium medium Estherville 

Dickenson 



Plain, Silty (50) 

This geomorphic region has approximately 262,190 
acres or 4. 7 percent of the St. Cloud Sheet. 

The region consists of a broad low relief lake plain. 
Higher positions are gently sloping to undulating. Lower 
positions are nearly level to slightly depressional. The 
seasonably high water table in better-drained positions 
ranges from 3 to 4 feet deep. In the sandy and gravelly 
areas the water table is more than 5 feet deep. In poorly 
drained areas it is 2 to 3 feet deep. Eleven lakes, each 160 
acres or more, occur in the region bringing the total water 
area to approximately 10,800 acres. 

Alkaline soils are quite common. The high lime content 
may cause iron and zinc deficiencies in some crops. Soy
beans, flax, and many ornamental shrubs and trees are 
affected by iron deficiencies. Com can also be affected, 
but less seriously. Crops most seriously affected by zinc 
deficiencies are soybeans and flax. Potatoes, sugar beets, 
alfalfa, sorghum, tomatoes, and onions are mildly af
fected. 

The original vegetation was tall prairie grass. Northern 
hardwoods, such as elm, oak, basswood, and maple bor
dered many lakes. The main crops are com, soybeans, 
wheat, oats, and some sugar beets. Presently the land use 
distribution is about 90 percent cropland, 5 percent pas
ture, and 5 percent wooded. 

Ten soil landscape units are mapped in the region: 
LLPD, LLWD, SLWD, CCPD, SLPD, SSWD, A, M, LP, 
and CCWD. Table 15 lists selected features of the units. 
Additional information follows: 

LLPD- This unit includes an estimated 15 percent mod
erately well-drained soils, about 5 percent with 
clayey surfaces, and 5 percent underlain at less 
than 36 inches by sandy sediments. (Typic Cal
ciaquolls) 
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LL WD-Poorly drained soil comprises 10 to 20 percent of 
the unit. About 5 percent is sandy, 5 percent has 
a clayey surface, and another 5 percent has a 
sandy substratum below 2 to 3 feet. (Aerie Cal
ciaquolls) 

SLWD-Deep silty or loamy soils occur in about 10 per
cent of the unit. Ten percent is poorly drained 
and another 10 percent is deep sandy soils. 
(Aerie Calciaquolls) 

CCPD- This unit includes 10 to 15 percent moderately 
well-drained soils and 10 to 15 percent silty or 
loamy soils. (Typic Haplaquolls) 

SLPD- About 10 percent of the unit has better-drained 
soils and 10 percent has deep loamy soils. 
Another 5 percent has deep sandy soils. (Typic 
Calciaquolls) . 

SSWD- The surface is loamy in about 15 percent of the 
unit. About 5 percent has poorly drained soils. 
(U dorthentic Haploborolls) 

A- Small areas of shallow peat are included in this 
unit. (Not classified) 

M- These areas are marshy most of the time. 

LP- The unit includes about 10 percent deep peat and 
10 percent mineral soils. (Terrie Borosaprists) 

CCWD-About 10 percent of the unit comprises poorly 
drained soils and 10 percent is loamy or silty. 
(Udertic Haploborolls) 



Table 15. Selected features of soil landscape units within the Benson Lacustrine Plain, silty (50) geomorphic region 

LLWD 

CCPD 

SSWD 

M 

CCWD 

Percent 

Most common 
texture and 
thickness 
(feet) 

Rooting zone Substratum 
geomorphic Landscape 

32 level to gently silt loam to 
sloping lake loam (4) 
plain 

silt loam to 
loam (4+) 

Moisture 
relationships 

Inches of 
available 

8-12 

4 level to depres- silty clay loam silty clay 8-12 
sional lake plain to silty clay loam to silty 

gently sloping 
beaches and 
lake plain 

(2-4) clay (4) 

loamy fine sand, sand and 
sandy loam and gravel (2-4+) 
gravelly loam 
(1-2) 

low lying de- peat or mineral peat or 
pressions soil mineral soil 

gently sloping 
lake plain 

clay to silty 
clay (4) 

clay to silty 
clay (4+) 

<4 

1-4 feet of 
water on 
surface 

8-12 
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Drainage 
class 

Approximate 
fertility in 
rooting zone 

pH p 

moderately well 7.6-8.2 low 
to somewhat 
poorly drained 

poorly to very 6.4-7.4 low 
poorly drained 

well drained 

marshy 

moderately 
well to well 
drained 

6.6-7.8 high 

6.5-7.3 low 

K 

high 

high 

low 

high 

Representative 
soil series 

Bearden 
Mcintosh 

Fulda 
Dovray 

Sioux 
Maddock 

Nutley 
Sinai 



ine, Loamy (51) 

This region encompasses approximately 544,690 acres 
or 9.8 percent of the St. Cloud Sheet. 

The moraine consists mainly of a rolling complex land 
form characterized by numerous low poorly drained ar
eas, very small lakes, marshes, and pot holes. Many deep 
short ravines border Lake Traverse and Big Stone Lake. 
Numerous areas of nearly level to undulating topography 
occur. Approximately 13 percent of the land is poorly 
drained: the two most extensive areas located in the north
western part and in Swift County, east of the Pomme de 
Terre River. The water table is over 10 feet deep over most 
of the upland. In lower positions the water table is surface 
to 6 feet deep. There are about 30 small lakes each 160 
acres or more. In addition, Lake Traverse and Big Stone 
Lake border this unit and South Dakota. The total water 
area is approximately 30,500 acres. 

Gray, loamy calcareous till occurs over the region. East 
of the Pomme de Terre River, the till generally contains a 
higher percent of silts. In that area a silt cap, 18 to 40 
inches thick, over the till is common. Clayey soils total 
about 1 percent of the region. Along the Pomme de Terre 
and Chippewa valleys most of the soils are loams 12 to 24 
inches thick over stratified sand and gravel outwash. The 
valleys also include some shallow gravelly loam to sandy 
loam soils. 

The original vegetation in the Big Stone Moraine was 
tall grass prairie. Most of the land is in farms. Cropland 
totals about 70 percent of the land, pasture 25 to 30 per
cent, and woodland less than 5 percent. Com, wheat, 
oats, hay (brome grass, alfalfa) and barley are the most 
extensive crops. 

Ten soil landscape units are mapped: LLWD, LLPD, 
SLWD, A, CCPD, SSWD, CCWD, M, LP, and SLPD. 
Table 16 gives selected features of the units. Additional 
information follows: 
LLWD-Poorly drained soils make up 5 to 10 percent of 

the unit. Less than 5 percent is sandy and grav
elly. Ten to 15 percent of the unit has calcareous 
soils. (Udic Haploborolls) 

LLPD- This unit includes 10 to 15 percent moderately 
well-drained soils. Twenty to 25 percent of the 
soil is calcareous. (Typic Haplaquolls) 

SLWD-About 10 percent of the unit includes loamy soil 
and another 10 percent is shallow to sand and 
gravel. (Udic Haploborolls) 

A- The unit is frequently flooded and is highly dis
sected by old stream channels. (Not classified) 

CCPD- This unit includes a..Jout 10 percent loamy soils 
and 10 percent moderately well-drained soils. 
(Typic Haplaquolls) 

SSWD- Approximately 15 percent is loamy in the upper 
16 to 24 inches and about 10 percent underlain 
by sand. (Udorthentic Haploborolls) 

CCWD-Poorly drained soils make up about 10 percent of 
the unit and about 5 percent is loamy. Only one 
area is mapped. (Udertic Haploborolls) 

M, LP and SLPD are minor units. 

Table 16. Selected features of soil landscape units within the Big Stone Moraine, loamy (51) geomorphic region 

Soil Percent 
landscape geomorphic Landscape 
unit region position 

LLPD 12 nearly level to 
depressional 
upland 

Most common 
texture and 
thickness 
(feet) 

Rooting zone Substratum 

loam, silty loam, loam to clay 
and clay loam loam (4-20+) 
(4) 

Moisture 
relationships 

Inches of 
available 
water 
to 5 feet 

8·12 

32 

Drainage 
class 

poorly to very 
poorly drained 

Approximate 
fertility in 
rooting zone 

pH p 

6.6-7.8 low 

K 
Representative 
soil series 

medium Flom 
Parnell 
Winger 
Vallers 



Soil Percent 
landscape geomorphic 
unit region 

A 2 

SSWD 

M <1 

SLPD <1 

Most common 
texture and 
thickness 
(feet) 

Rooting zone Substratum 
landscape 
position 

nearly level loamy sand to 
stream bottoms loam (1-4) 

loamy sand to 
loam (4+) 

Moisture 
relationships 

Inches of 
available 
water 
to 5 feet 

4-12 

Drainage 
class 

poorly drained 

nearly level to gravelly sandy sand and <4 well drained 
rolling outwash loam to sandy gravel (2-4+) 

low lying 
depressions 

nearly level to 
depressional 

loam {1-2) 

peat or mineral peat or 
soil mineral soil 

sandy I oam to 
loam (2-3) 

sand, gravel 
and loam 
(3-20+) 

1-4 feet of marshy 
water on surface 

4-12 

33 

poorly to very 
poorly drained 

Approximate 
fertility in 
rooting zone 

pH p 

6.1-7.2 low 

6.6-7.8 high 

6.6-7.8 low 

K 
Representative 
soil series 

medium Alluvial land 

low Sioux 

medium Mayer 
Parnell 



This region is approximately 474, 600 acres or 8.5 per
cent of the St. Cloud Sheet. 

The tm plain is dominandy gently rolling but indudes 
some rolling areas bordering some lakes. Depressions 
and small pot holes are fairly common. The water tabk is 
over 10 feet deep on the higher positions and at the surface 
to 6 feet deep on lower poorly drained soils. Twenty-seven 
lakes each 160 acres or more and totaling 19,740 acres are 
located here. 

The tin is gray calcareous loam to clay loam. An area 
north of Sauk Centre is intermixed loamy and sandy tin 
over sand and graveL 

The region was originally covered by tall prairie grass 
except in the northern part which was 11orthem hard~ 
woods. About 85 is cultivated with com, wheat, 
and oats as the crops. Five to 10 percent is 
and 5 to 10 percent is forested. 

Thirteen soiJ landscape u11its are mapped: LLWD, 
LLPD, LLWL, SLWD, SSWD, LLPL, SP, LP, 
NP, SLPD, and M. Table 17 selected characteris-
tics. Additional information 

LLWD-This unit includes about 15 percent poorly 
drai11ed soils, 5 to 10 percent moderately dark
colored and about 5 shallow peat. 
(Typic Hapludoll) 

LLPD- This unit includes 10 to ]5 percent moderately 
weH-drained soils and about 5 percent shallow 
peat over loamy tilL (Typic HaplaquoH) 

LLWL--Induded in this unit is about 5 percent poorly 
drained and about 5 percent dark colored. 
(Typic HapludaU) 

SL WD-The unit includes about 10 percent well-drained 
loamy 10 percent shaHow gravelly 

soils, and 5 percent drained soils. (Typic 
Hapliudoll) 

XL WL---This unit includes 5 to 10 percent poorly drai11ed 
soils and about 5 percent organic soils. (Typic 
Hapludalf) 

SSWD- Approximately 15 percent of the unit has loamy 
surface soils, 10 percent poorly drai11ed soils, 
and about 10 percent deep loamy soils. (EnHc 
Hapludoll) 

LLPL-- Approximately 5 percent of the unit has wen
drained soils, 5 percent darker-colored surface 
soils, and 5 percent shallow peat over loamy tilL 
(Typic Albaqualf) 

34 

SP- This unit includes about 10 percent deep peat, 10 
percent shallow peat over loamy till, and about 
10 over sand a11d graveL (Terrie 
Borosaprist) 

A-

LP-

NP-

About W perce11t ofthe u11it consists of organic 
soils. classified) 

Included is about 10 percent poorly drained min
eral soil and about 5 deep peaL (Terrie 

10 percent has poorly drained 
soils and 15 percent shallow peaL (Typic 

SLPD-- This unit includes some alluvial soils a11d some 
wen-drained loamy soils over graveL (Typic 

Soils developed um:ler prairie vegetation in western Minnesota 
often have a light colored substratum layer which is an accum!l-
lation of calcium and carbonates. 



Table 17. Selected features of soil landscape units within the Osakis Till Plain, Loamy (55) geomorphic region 

Soil Percent 
landscape geomorphic 
unit region 

LLPD 18 

SLWD 4 

SSWD 3 

SP 2 

LP 

SLPD 

Water 4 

Landscape 
position 

Most common 
texture and 
thickness 
(feet) 

Rooting zone Substratum 

Moisture 
relationships 

Inches of 
available 
water 
to 5 feet 

gently sloping loam to clay loam to clay 8-12 
to depressional loam (4) loam (4-20+) 

level to gently sandy loam to 
rolling outwash loam (2-3) 

nearly level to 
gently rolling 
outwash 

low lying 
depressions 

loamy sand to 
sandy loam 
(1-2) 

peat (1-4) 

sand and 
gravel (3-4+) 

sand and 
gravel (2-4+) 

sand (4+) 

4-8 

<4 

4+ 

low lying 
depressions 

peat (1-4) loam to clay 8 + 

level to 
depressional 
outwash 

loam (4+) 

loam to silty sand and 4-8 
clay loam (2-3) gravel (3-4+) 
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Drainage 
class 

Approximate 
fertility in 
rooting zone 

pH p 

poorly to very 6.6-7.3 low 
poorly drained 

well drained 

well drained 

very poorly 
drained 

very poorly 
drained 

6.1-7.3 high 

5.4-7.3 high 

6.0-7.5 low 

5.5-7.3 low 

poorly to very 6.1-7.3 low 
poorly drained 

K 
Representative 
soil series 

low to Webster 
medium Glencoe 

low to Estherville 
medium 

low 

low 

low 

low 

Salida 

Markey 

Cathro 

Biscay 
Talcot 



Glenwood Outwash Plain, Undulating (63) 

The region has approximately 319,610 acres or 5.7 per
cent of the St. Cloud SheeL 

The plain ranges from level to undulating and contains 
numerous level to depressional mineral and organic ar
eas. The water table normally is over 10 feet deep on well
drained soils and at the surface to 6 feet deep on lower 
positions. Twenty-six lakes, each 160 acres or more, are 
located here. Total water area is about 17,400 acres. 

The soils are mostly loamy to depths of 16 to 24 inches 
over stratified sand and gravel. 

The original vegetation was primarily prairie. In Kandi
yohi and Steams counties some areas consisted of oak 
and scattered oak. Present land use is 70 to 75 percent 
under cultivation, about 10 percent pasture, and less than 
5 percent woodland. Principal crops are com, soybeans, 
and alfalfa brome hay. Peat and marshy areas make up 10 
to 15 percent of the region. These areas are mostly idle 
land but some are pastured especially during dry periods 
and some serve as good wildlife habitats. 

Thirteen soil landscape units are mapped: SLWD, 
SLPD, SSWD, NP, SP, LLWD, XLWL, LLWL, M, 
XL WD, LLPD, A, and LP. Table 18 gives selected charac
teristics. Additional information follows: 

SLWD--An estimated 10 percent of the unit consists of 
sandy surfaces shallow to sand and gravel, 5 
percent has poorly drained, and 5 percent or
ganic soils. (Typic Hapludoll) 

SLPD- The unit includes about 5 percent well-drained 
soils, 5 percent deep loamy soils, and about 5 
percent organic soils. (Typic Haplaquoll) 
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SSWD- Approximately 10 percent of the soil is loamy 
and deeper to sand and gravel, 5 percent poorly 
drained, and 5 percent organic. (Entic Haplu
doll) 

NP-

SP-

This unit includes about 15 percent shallow peat 
and 5 percent mineral soils. (Typic Borosaprist) 

About 10 percent of the unit consists of poorly 
drained mineral soils and 5 percent deep peat. 
(Terrie Borosaprist) 

LLWD-This unit includes approximately 10 percent 
loamy surfaces over sand and gravel and 5 per
cent poorly drained soils. (Typic HapludoH) 

XLWL-The unit includes some darker-colored soils, 
some poorly drained and some shallow organic 
soils. (Typic Hapludalf) 

LL WL-Small areas of darker-colored soils and poorly 
drained soils are included. (Typic Hapludalf) 

M- This area is mostly in Stearns County west of 
Belgrade. 

XL WD-Small areas of poorly drained soils and shallow 
peat are included. (Typic Hapludoll) 

LLPD, A, and LP are minor units. 



Table 18. Selected features of soil landscape units within the Belgrade-Glenwood Outwash Plain, Undulating (63) 
geomorphic region 

Soil Percent 
landscape geomorphic 
unit region 

SLPD 11 

NP 7 

LLWD 2 

LLWL 

XLWD 

A <1 

Water 5 

Most common 
texture and 
thickness 
(feet I 

Moisture 
relationships 

Rooting zone Substratum 
Inches of 
available 
water Landscape 

position 

nearly level to 
depressional 
outwash 

level to 
depressional 

loam to sandy 
loam (2-31 

peat (2-31 

gently rolling to loam to clay 
rolling upland loam (41 

gently rolling to loam to clay 
rolling upland loam (41 

to 5 feet 

sand and 4-8 
gravel (3-20+1 

peat (3-4+1 12+ 

loam to clay 8-12 
loam (4-20+1 

loam to clay 8-12 
loam (4-20+1 

rolling upland loam, sandy loam, sand and 4-12 
loam and loamy gravel (4-20+1 
sand (1-41 

narrow stream loamy sand to 
bottoms loam (2-41 

loamy sand to 4-12 
loam (4+1 

37 

Drainage 
class 

poorly to very 
poorly drained 

very poorly 
drained 

well to 
moderately 
well drained 

Approximate 
fertility in 
rooting zone 

pH p 

6.1-7.3 low 

5.5-7.3 low 

6.1-7.3 low 

K 

low 

low 

Representative 
soil series 

Biscay 
Forada 
Mayer 

Seelyeville 

medium Clarion 
Nicollet 

well to moder- 5.1-6.5 medium medium Hayden 
ately well Nessel 
drained 

well drained 

poorly drained 

6.2-7.3 low to 
high 

6.1-7.2 low 

low to Clarion 
medium Estherville 

Salida 

medium Alluvial land 



This region has approximately 210,380 acres or 3.5 per
cent of the St. Cloud Sheet. 

The Olivia Till Plain. consists of gently undulating relief 
along with many nearly level to low depressional areas. 
Depths to seasonally high water tables are less than 5 feet 
in most of the region. Thirteen lakes, 160 acres or larger, 
totaling 8,640 acres, are located here. 

The soils developed in limy, grayish, loam tilL Small 
of and gravelly areas occur. These are too 

small to show on the map as separate soil landscape units. 
The tin contains a sHt cap, generally less than 4 feet thick 
in some areas. 

The regional vegetation was tall prairie grass except for 
narrow bands of woods bordering some streams and 
liakes. Com, soybeans, oats, and wheat are the main 
crops. Very little land is in woodland and pasture. 

Most common 
texture and 
thickness 
(feet) 

Four soil landscape units are mapped: LLPD, LLWD, 
NP, and LP, Table 19 selected features ofthe units. 
Additional information follows: 

LLPD- Approximately 15 percent of the unit has moder
ately well-drained and 10 to 15 percent has alka
line soils. (Typic Haplaquolls) 

LL WD-Approximately 15 percent is poorly drained and 
10 percent is alkaline, (Typic Hapludolls) 

NP-

LP-

Moisture 
relationships 

This unit includes about 20 percent shallow peat 
soils and 10 percent poorly drained mineral 
soils. (Euic Typic Borosaprists) 

Approximately 15 percent is deep peat soil and 
15 percent mineraL (Terrie Borosaprists) 

Approximate 
fertility in 
rooting zone 

~---------------------------------

Soil Percent 
landscape geomorphic landscape 
unit region position 

Rooting zone Substratum 
Inches of 
available 
water 
to 5 feet 

LLWD 311 gently rolling to loam to clay loam to clay 8-12 

lP <1 

rolling upland loam jll) loam (4-20+) 

low lying 
depressions 

peat (1-4) loam to clay 8-12 + 
loam (4+) 
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Drainage 
class 

pH p 

moderately well 6.115 low 
to well drained 

very poorly 
drained 

5.5-7.3 low 

K 
Representative 
soil series 

medium Clarion 
Nicollet 
Barnes, Svea 

low Cathro 
Millerville 



This geomorphic region is approximately 81,980 acres, 
or 1.5 percent of the St. Cloud Sheet. 

The Olivia Till Plain consists of an undulating to gently 
rolling ground moraine. Approximately 32 percent of the 
region is clayey, indicating that ice-blocked lakes proba
bly existed for periods enough for days to be depos
ited on the loamy till. Seasonally high ,,vater tables are 
generally more than 5 feet deep on higher ground and less 
than 5 feet deep on lower positions. Six lakes of 160 acres 
or more occur in the region. The total water area is 5,350 
acres. 

Most of the soils are loamy. Some areas contain a 
shallow silt cap. A few smaH areas of sandy and gravelly 
soils also occur. 

The original vegetation was tall prairie grass. Later 
open hardwood forest advanced over the region and has 
had some influence on the soil characteristics. Com, soy
beans, wheat, and oats are the main crops. Cropland 
makes up over 90 percent of the land; pastures, another 5 
percent. Marshy and peat areas make up less than 
5 

Six soH landscape units are mapped in the region: 
LL WD, LCWD, LLPD, LCPD, LP, and M. Table 20 gives 
selected features of the units. Additional information 
follows: 
LLWD- Approximately 15 percent of the u.nit has poorly 

drained soils, 10 percent has clayey surfaces, 

Soil Percent 
landscape geomorphic landscape 
unit region position 

lCWD 23 level to gently 
undulating 
upland 

Most common 
texture and 
thickness 
(feet) 

Rooting zone Substratum 

clay loam to 
silty clay loam 
(1-2) 

silty clay 
loam to silty 
clay !2-4+) 

and less than 5 percent has sandy surfaces. 
(Mollie Hapludalfs) 

:j:LCWD-The unit includes 10 to 15 percent deep loamy 
soils and 5 to 15 percent poorly drained soils. 
(Aquic HapludoHs) 

LLPD- An estimated 10 to 20 percent of the unit has 
moderately well-drained soils, 5 to 15 percent 
has clayey surfaces, another 5 to 15 percent has 
alkaline, and less than 5 percent has shaH ow 
peat soils. (Typic Haplaquolls) 

LCPD- Approximately 10 percent of the unit has better 
drained, 10 percent has deep loamy, 5 percent 
has alkaline soils and less than 5 percent has 
shallow peat over loamy tilL (Typic Hapla
quolls) 

LP- This unit includes about 10 percent deep peat 
and 10 percent mineral soils. (Terrie Borosa
prists) 

M- The water level fluctuates with the lake levels. 

+The soil landscape unit, CLWD, which occurs in this region has an 
incorrect symbol and color on the map. The correct symbol is LCWD 
and the color should correspond with the symbol. 

Moisture 
relationships 

Approximate 
fertility in 
rooting zone 

Inches of 
available 
water 
to 5 feet 

8-12 
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Drainage 
class 

moderately 
well drained 

pH p K 
Representative 
soil series 

5.6-6.5 medium medium Guckeen 



Percent 
geomorphic landscape 

LP 2 

Water 7 

low lying 
depressions 

Most common 
texture am:! 
thickness 
!feet) 

Rooting zone Substratum 

peat (1-4) loam to clay 
loam (4+) 

Moisture 
relationships 

Inches of 
available 

8-12+ 

Drainage 
class 

very poorly 
drained 

Approximate 
fertility in 
rooting zone 

pH p 

5.5-7.3 low 

K 

low 

Representative 
soil series 

Cathro 
Millerville 

Drainage ditches provide outlets for underground tile systems which are essential to farming the extensive LLPD soils in the Olivia Till 
Plain. 
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Appleton-Clontarf 

The region has approximately 244,800 acres or 4.4 per
cent of the St. Cloud Sheet. 

The outwash plain has a level to gently sloping land 
form, drained by the Chippewa and Pomme de Terre 
rivers. Two lakes, each 160 acres or more occur. The total 
water area is about 2,685 acres. The water table in well
drained soils is normally more than 6 feet deep and in 
poorly drained soils surface to 6 feet deep. The region is 
nearly equally divided between well-drained and poorly 
drained soils. 

Over most of the region the upper 16 to 36 inches range 
from loamy to silty surfaces. The substrata has fme sand 
to stratified sand and gravel. Some lacustrine areas are 
included. _ 

The original vegetation in the outwash plain was tall 
prairie grass. Some bottomland hardwoods occurred 
along the alluvial plains of the main streams. An esti
mated 90 to 95 percent of the region is cultivated, and 5 to 
10 percent is pastured. Main crops are com, soybeans, 
and wheat. 

Thirteen soil landscape units are mapped in the regions: 
SLWD, SLPD, LLWD, LLPD, A, SSWD, LSWD, SSPD, 
M, CCPD, CLPD, CCWD, and LP. Table 21 gives 
selected features of the units. Additional information 
follows: 

SL WD--This unit includes 10 to 20 percent poorly 
drained soils. About 10 percent of the unit has 
soils shallow to gravel and about 5 percent has 
loamy soils. (Udic Haploborolls) 

SLPD- About 10 percent of the unit has well-drained 
soils, 5 to 10 percent has loamy and silty soils. 
(Typic Calciaquolls) 
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LL WD--The unit includes 10 to 20 percent poorly drained 
soils. These soils occur on both till and lacus
trine areas. Five to 10 percent are loamy over 
sand and gravel. (Pachic Udic Haploborolls) 

LLPD- About 10 percent has well-drained soils and 5 to 
10 percent is underlain by sand below 10 to 20 
inches. (Typic Calciaquolls) 

A- This unit floods frequently and is highly dis
sected by old stream channels. (Not classified) 

SSWD-- Approximately 15 percent of the unit has loamy 
surfaces over sand and gravel. Another 5 per
cent is sandy over loamy. (U dorthentic Haplo
borolls) 

LSWD--About 10 percent of the unit has poorly drained 
soils having sandy substrata. (Aquic Haplobo
rolls) 

SSPD- Minor areas of loamy soils 20 to 30 inches deep 
over sand are included. Small areas of well
drained soils are also included. (Typic Hapla
quolls) 

M- Most of this unit consists of shallow peat over 
sand. 

CCPD- This unit includes 10 to 20 percent deep sandy 
soils. About 10 percent of the clayey soils are 
moderately well drained. (Typic Haplaquolls) 

CLPD- About 20 percent of the soils in this unit are 
loamy or silty in the substrata. (Typic Calcia
quolls) 

CCWD and LP are minor units. 



T~l:lle 21. Selected fll'!atures i]f soil iam:lscape unit111 within the Appletorn-Ciontari Outw1£ish Pl<'lilil, tmdi!liadng (651 geomorphic 
region 

-------------------------------------------------------------------------------------

Soil Percent 
landscape geomorphic 
unit region 

SLPD 30 

llPD 9 

SSW!l 3 

SSPD 

CCPD 

CCWIJ <1 

Water 

landscape 
position 

nearly level to 
depressional 

nearly level 
lacustrine 

Most common 
texture and 
thickness 
Ueet) 

Rooting zone Substratum 

sandy loam to 
loam (2-3) 

silty clay loam 
to silt loam 
(4) 

sand (3-20+) 

sili loam to 
silty day 
loam (4+) 

Moisture 
relationships 

Inches of 
available 
water 
to 5 feet 

4-8 

8-12 

level to gently gravelly 
sloping outwash loam to 

loam (1-2) 

sand and <4 
gravel {2-4+) 

level to depres- fine sandy loam fine sand 
sional lacustrine to fine sand (2-4+) 

level to gently 
sloping 

nearly level to 
gently sloping 
lacustrine 

(1-2) 

silty day to 
clay (4) 

silty clay to 
clay (4) 

silty clay to 
clay (4+) 

clay to silty 
clay (4+) 

<4 

8-12 

8-12 
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Drainage 
class 

poorly to very 
poorly drained 

poorly drained 

well drained 

Approximate 
fertility in 
rooting zone 

pH p 

7.4-8.4 low 

Hi-8.2 low 

li6-7.8 high 

low 

high 

low 

Representative 
soil series 

Marysland 
Arveson 

Colvin 
Perella 

Sioux 

poorly to very 7.0-7.8 medium low Fossum 
Venlo poorly drained 

poorly drained 

moderately 
well drained 

6.4-7.4 low 

6.4-7.4 low 

medium Fulda 

high Nutley 



Blue Earth Till Pia 

The region has approximately 204,430 acres or 3.7 per
cent of the St. Cloud Sheet. 

It is characterized as a weak lateral moraine formed 
during shrinkage of the ice lobe. The relief is generally 
undulating but includes a few more rolling areas. Nearly 
level to depressional poorly drained areas are common 
throughout the region. Depth to seasonally high water 
table is more than 5 feet on well-drained soils and less than 
5 feet in lower positions. Six lakes of 160 acres or more are 
located in the region. The total water area is approxi
mately 8,600 acres. 

The till covering this region is grayish, limy, and loamy. 
In places it contains a silt cap up to 4 feet thick. Sandy 
soils make up only about 2 percent of the region. 

The original vegetation was tall prairie grass. Northern 
hardwoods of elm, oak, and basswood bordered some 
streams and lakes. Present crops are mainly corn, soy
beans, wheat, oats, and hay (brome grass, alfalfa). Very 
little woodland and pasture exist in the region. 

Seven soil landscape units are mapped: LL WD, LLPD, 
CCPD, SLWD, SLPD, A, and M. Table 22 gives selected 
features of the units. Additional information follows: 

LLWD-An estimated 10 to 15 percent of the unit has 
poorly drained soils. Another 5 to 15 percent has 
alkaline soils and less than 5 percent has deep 
sandy or gravelly soils. (Udic Haploborolls) 

LLPD- Approximately 25 percent of the soil in the unit is 
alkaline. Another 15 percent is moderately well 
drained. The unit also included a small amount 
of clayey soils. (Typic Haplaquolls) 

CCPD- Moderately well-drained soils make up to 10 to 
15 percent of the unit. Ten to 15 percent is loamy. 
(Typic Haplaquolls) 

SLWD and SLPD-These two units include about 10 per
cent deep loamy soils. (Udic Haploborolls) 

A- The soils are subject to frequent overflow. rNot 
classified) 

M- Only one small area is mapped. 

Table 22. Selected features of soil landscape units within the Blue Earth Till Plain, undulating, loamy (66) geomorphic region 

Soil Percent 
landscape geomorphic Landscape 
unit region position 

Most common 
texture and 
thickness 
(feet) 

Rooting zone Substratum 

Moisture 
relationships 

Inches of 
available 
water 
to 5 feet 

LLPD 24 nearly level to loam to clay loam to clay 8-12 
depressional loam (4) loam (4-20+) 
upland 

SLWD level to sloping loam to sandy sand and 4-8 
outwash plain loam (2-3) gravel (3-4+) 
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Drainage 
class 

Approximate 
fertility in 
rooting zone 

pH p K 
Representative 
soil series 

poorly to very 6.6+ low medium Flam 
Vallers 
Quam 

poorly drained 

well drained 6.6-7.3 medium low to Fordville 
medium Arvilla 

Sverdrup 



Table 22 (continued). Selected features of soil landscape units within the Blue Earth Till Plain, undulating, loamy (66) geomorphic 
region 

Soil Percent 
landscape geomorphic Landscape 
unit region position 

M <1 low lying 
depressions 

Most common 
texture and 
thickness 
(feet) 

Rooting zone Substratum 

peat or mineral peat or 
soil mineral 

Moisture 
relationships 

Inches of 
available 
water 
to 5 feet 

Drainage 
class 

1-4 feet of marshy 
water on surface 

Approximate 
fertility in 
rooting zone 

pH p K 
Representative 
soil series 

Soil Conservation Service engineers designed this infiltration terrace to treat feedlot runoff. The loamy texture of the till plain 
geomorphic regions provide effective soil absorption of phosphorus and treatment of pathogens. 
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DEVELOPMENT OF lANDfORMS !N 
THE ST. CLOUD AREA 

The shaping of landforms in the St. Cloud Sheet area 
may be divided into five phases: 1) Hewitt, 2) St. Croix, 3) 
Alborn, 4) Mankato, and 5) Agassiz. A short writeup of 
each as related to the landforms follows. 

1. Hewitt Phase (more than 40,000 years ago) 
The Wadena lobe probably advanced from the north

west down the shallow Red Lakes lowland of northwestern 
Minnesota, moving in a southeast direction. At this time 
the contemporaneous Rainy lobe advancing in a south
west direction probably diverted the Wadena lobe to the 
southwest, It later fanned to the west and south. In the SL 
Cloud Sheet the lobe was moving south to form the Todd 
Drumlin Area (7B). 

It is reasonable to believe that the Des Moines lobe 
occupied the Red River lowland. It is lower in elevation 
than the Red Lakes lowland in which the Wadena lobe 
advanced. 

The till does not contain Cretaceous shale indicating 
the source was southeastern Manitoba northeast of the 
area of Cretaceous bedrock. 

2. St. Croix Phase (35,000 to 16,000 years ago) 
As the Wadena lobe retreated northward, the Rainy 

lobe was advancing. On its left flank it was converging 
with the Superior lobe which was thicker and moving more 
rapidly in the deep lowlands. The right flank of the Superi
or lobe became mixed with the Rainy, This portion, called 
the Pierz sublobe, formed the Brainerd-Pierz Drumlin 
Area (lOC) and the Darling Drumlin Area (lOB). In the St. 
Cloud Sheet area the Pierz sublobe terminated at the St. 
Croix Moraine Complex (9). The till is brown to reddish 
brown, loamy, neutral to acid, and stony. 

The Brainerd sublobe which consisted of the western 
part of the Rainy lobe advanced separately from the Supe
rior Lobe terminating at the northernmost segment of the 
St. Croix Moraine (located in the Brainerd Sheet area). 
Here it met at an angle the Wadena lobe at the Itasca 
Moraine. Meltwaters from these two moraines carried 
sediments which formed the Park Rapids - Staples 
Outwash Plain (8) and some of the Mississippi Valley 
Outwash (29). 

3. Alborn Phase (more than 11 ,600 years old) 
Drainage from Glacial Lakes Aitkin I and Upham I 

during the Automba Phase probably deposited some sedi
ments in the early formative stage of the Crow Wing 
Outwash Plain (13) and Mississippi VaHey Outwash (29). 
Later, during the Alborn Phase, meltwaters from the St. 
Louis sublobe finally developed these two landforms. 

4. Mankato Phase (18,000 to 14,000 years ago) 
The main Des Moines lobe formed the surface drift of 

the Alexandria Moraine Complex (3) and buried the west
em and southern edge ofthe Todd Drumlin Area (7B), The 
Grantsburg sublobe, an off-shoot of the Mankato lobe 
moved northeastward, overrode the St. Croix Moraine, 
and terminated in Wisconsin. The St. Croi...'\ Moraine was 
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still occupied by decaying stagnant ice. The reddish
brown stony loamy and limy gray shale~rich drift are 
mixed in a number of locations indicating the areas where 
the Grantsburg sublobe overrode the St. Croix Moraine 
from the southwest. 

In the meantime the Des Moines lobe had moved south
ward through Mankato and into Iowa. On its retreat the 
Blue Earth (66), Olivia (64), Olivia, Clayey (64A), and 
Osakis (55) Till Plains were formed. The Waconia-Waseca 
Moraine (34) was also formed by this lobe. By this time the 
Grantsburg sublobe had retreated to become part of the 
Des Moines lobe. It may have contributed some to form
ing the northern part of the Waconia-Waseca Moraine. 
Meltwaters, when the ice sheet was at the Alexandria 
Moraine complex (3), developed the Belgrade-Glenwood 
Outwash Plain (63). The ice then retreated northwest to 
the divide between the Minnesota and Red River valleys. 
Here it formed the Big Stone Moraine (51) and discharged 
great floods of outwash across the till plain to the south
east, thereby originating the Minnesota Valley Outwash 
(32). Further retreat opened the basin of Glacial Lake 
Agassiz north of the Big Stone moraine, and formed the 
Graceville TiH Plain (2E). 

The Des Moines lobe topography indicates ice stagna
tion and disintegration features. The Waconia-Waseca 
Moraine (34) contains landforms most clearly related to 
ice decay. Moraines (3) and (51) show some indication of 
ice stagnation. Several ground moraines (2E, 64A, 66) are 
somewhat similar but have low relie[ The tops may have 
been occupied by ice-surrounded lakes, in which lacus
trine clays and silts were deposited. This may account for 
the clayey areas occurring in these land forms. Geomor
phic regions (2E) and (64A) contain extensive clayey areas 
(62 percent in 2E and 32 percent in 64A). In the Graceville 
Tin Plain (2E) the clayey soils occur in one continuous 
area. It may have existed as a relatively large ice bound 
glacial lake. 

Meltwaters carried down the Pomme de Terre and 
Chippewa river valleys were blocked along the south and 
east to form the Benson Lacustrine Plain (50). Sediments 
from the same source formed the Appleton-Clontarf 
Outwash Plain As the lobe retreated farther north the 
Fergus Falls Till Plain (2) was formed. The Des Moines 
lobe deposited grayish, limy loamy till, high in Cretaceous 
shale. 

A later theory suggests that the Des Moines lobe ad
vanced down the Minnesota lowlands, then northeast 
along the Minneapolis lowland-the path of the 
Grantsburg sublobe. After the glacier had filled the low
lands it advanced south into Iowa. 

5. Agassiz Phase (about 12,000 to 9,200 years ago) 
Glacial Lake Agassiz was first formed in the Red River 

Lowland during the retreat of the Des Moines lobe at the 
end of the Mankato Phase. The highest major beach (Her
man) formed at 1,060 feet above sea leveL The maximum 
water depth south of Fargo, North Dakota at that time 



was less than 200 feet. As the outlet was eroded the lake 
level lowered and stabilized at several levels and formed 
several beaches. Three additional beaches (Norcross at 
1,040 feet, Tintah at 1,020 feet, Campbell at 980 feet above 
sea level) occur in the St. Cloud Sheet. However, only a 
small part of the Campbell beach extends into the sheet 
area. 

Glacial River Warren, the main southern drainage out
let of the lake, cut the present deep, wide valley to form the 
Minnesota Valley Outwash (32). The several terrace levels 
along the valley are either local outwash deposits, or are 
related to downcutting of the river as the elevation and 
positions of the lake's outlet changed. In places the floor 
of the valley has been scoured out almost to bedrock 
leaving only a thin layer of bouldery till of an original 
valley fill. 

The Campbell water level was the lowest phase of Lake 
Agassiz to drain south through River Warren. This phase 
was apparently longer than any other because of the mas
sive beach formed during this stage. The sand and gravel 
of the Campbell beach are well rounded and well sorted as 
compared to other beaches formed by the lake, an indica
tion of duration. This stage dates back about 10,500 years. 
Finally about 9,200 years ago the ice retreated far enough 
north to uncover a lower outlet, in Canada, to the east into 
Lake Superior. 

Most of the plain consists of shallow lacustrine loamy to 
clayey sediments over loamy till. The beaches generally 
range from 2 to 15 feet high and 150 to 500 feet wide made 
up of stratified sand and gravel. Because they are better 
drained than the plain proper, many villages and farm
steads are located on the ridges which are a good source 
of gravel. 

CLIMATE OF THE ST. CLOUD SHEET AREA 

The climate of any land area is an extremely important 
component of the resources. Climate affects, to some 
degree, most people's activities. 

Some of the general climate characteristics of this area 
appear in a series of figures. The area has a typical conti
nental climate with wide temperature extremes from sum
mer to winter. Total annual precipitation ranges from less 
than 22 inches in the western edge to 28 inches in the 
southeast comer (figure 1). 

The average number of days with more than 6 inches of 
snow on the ground ranges from 60 in the northeast part of 
the sheet to 30 days in southwest (figure 2). 

The length of the frost free growing season is quite 
uniform in the St. Cloud Sheet as shown in figures 3 and 4. 
The spring average date oflast occurrence of32° F ranges 
from May 7 to May 12, and the average fall date of 32° F 
ranges from September 26 to October 1. 

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. For example are~s close to a large lake will have a 
slightly modified climate with cooler summer tempera
tures and later fall frost dates. The outwash plain soils are 
sandy and have a relatively low water holding capacity, 
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while most lacustrine soils are silty or clayey with a high 
water holding capacity. 

Surprising differences in temperatures and wind veloci
ties can result from differences in location of lake resi
dences. Usually lake homes or cabins on the south and 
east shore of a lake will have a cooler, more windy site 
than one located on the west or north because prevailing 
winds are from the northwest. Shelter from trees or hills is 
another important factor. 

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

AGRICULTURE 

Farming and associated agribusiness is the most impor
tant economic activity and largest land use in the St. 
Cloud sheet area. Approximately 84 percent of the land 
was farmland in 1974 based on an estimate from five 
representative counties and 54 percent of total land area 
was used for harvested cropland. The value of the agricul
tural production from this land was about $588 million in 
1974 based on Census of Agriculture statistics for repre
sentative counties. 

The type of farming varies throughout the St. Cloud 
Sheet and the various types of farm operations are closely 
related to soils and climate. The three principal types of 
farming are 1) dairy, diversified crop, and livestock, 2) 
irrigation, and 3) cash grain. 

The dairy-diversified farms are located primarily in the 
eastern part of the sheet in the St. Croix moraine, the 
Waconia-Waseca moraine, and the Alexandria moraine 
complex geomorphic areas. Irrigation is concentrated in 
the Belgrade-Glenwood Outwash Plain, but new irriga
tion is being developed along the Mississippi River north 
of St. Cloud and on the Appleton-Clontarf Outwash Plains 
in the southwest part of the St. Cloud Sheet. 

The beef cow herd operation is another type of farming 
that is scattered throughout the St. Cloud Sheet. These 
types of farms are often operated by people who get in
come from off-farm employment. Part-time farming is 
quite common in areas of Minnesota where off-farm em
ployment is available. In the St. Cloud Sheet these types 
of operations are more common in the eastern counties. 

According to the 1974 agricultural census about 17 per
cent of the farmers in Steams and Meeker counties de
rived over 50 percent of their income off the farm while it is 
4 to 8 percent in Traverse, Swift, and Big Stone counties. 

Following are agricultural statistics from the 1974 Cen
sus of Agriculture for representative counties. 

Table 23. Selected agricultural data, 1974 

Value of Average 
Total land Harvested ag products size of 

County area, acres cropland, acres per crop acre farm, acres 

Big Stone 313,792 199,668 $128 438 
Pope 428,288 219,886 155 311 
Stearns 858,880 414,221 238 205 
Swift 473,216 314.753 198 385 
Traverse 363,776 267,160 129 535 



Figure 1. Average daily maximum temperature during July 
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Figure 3. Average data of last occurrence of 32°F or lower in the spring 
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Figure 7. Average number of days with >6 inches of snow on the 
ground \1951-70) 
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Figure 2. Average daily minimum temperature during July 

LAC 
QUI PARLE CHIPPEWA KANDIYOHI MEEKER 

59 

60 

Figure 4. Average data of first occurrence of 32°F or lower in the fall 
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WOODlAND 

The highest woodland concentration occurs in the St. 
Croix Moraine Complex (9) and Minnesota Valley 
Outwash (32). Other regions having 10 to 20 percent of the 
land in woodland are: Todd, Darling, and Brainerd-Pierz 
drumlin areas (7B, lOB, lOC), Alexandria Moraine Com
plex (3), and the Crow Wing Outwash Plain. Most of the 
woodland occurs on droughty soils, flood plains, and land 
too steep for agricultural use. The stands are now gener
ally understocked. 

For some timber interpretations on certain soil land
scape units, see table 24. Since the St. Cloud Sheet is 
primarily an agricultural area the interpretations are 
specifically for soils which were originally forested. The 
timber interpretations in respect to seedling mortality, 
productivity for pulpwood and sawtimber, and species 
recommendations are based on physical and chemical 
characteristics of the soils, prevailing water table posi
tions and general climatic considerations. Prevalence of 
disease and insect control problems are also reflected in 
the interpretations. 

Tabi~ 24. Some timber interpretations within geomorphic regions of the St. Cloud Sheet are based on soil characteristics 

Soil Seedling 
Geomorphic regions landscape mortality 

unit 

Todd Drumlin Area (7Bl LLWL 
Park Rapids-Staples Outwash Plain (B) 

Alexandria Moraine Complex (3) 
St. Croix Moraine Complex (9) SlWL 
Mississippi Valley Outwash Plain (29) XLWL 

St. Croix Moraine Complex (9) SSWl 
Darling Drumlin Area (10B) 
Brainerd-Pierz Drumlin Area j!OC) XLWL 
Park Rapids-Staples Outwash Plain (8) 

slight to 
moderate 

slight 

slight 

Root 
restrictions 

slight 

slight 

moderate 

Forest productivity Recommended 
Pulpwood Sawtimber species 

good to good to green ash, white birch, red 
excellent excellent pine, white spruce, basswood, 

white pine 

fair fair white spruce, red pine, 
to aspen 
good white pine 

jack pine, 
fair poor white spruce 

aspen 

Crow Wing Outwash Plain (13) SSPL moderate to severe moderate to severe fair poor black ash, aspen, black 
spruce, white spruce 

All regions NP, SP 
LP, P 

moderate 
to severe 

severe 
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fair poor black spruce 



RECREATim\1 

The recreational use of land and water is increasing 
with the increasing population (permanent and tourist) of 
the St. Cloud Sheet area. Recreational use of land takes 
on many aspects-from intensive playground use to exten
sive use as in nature and hiking trails. 

Table 25 is a general outline of kinds of limitations for 
various recreational activities as they may be adapted in 
the several soil landscape units of the St. Cloud Sheet 
area. In the selection of recreational areas the total land
scape 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. 

An inviting hiking trail in one of central Minnesota's recreation 
areas. 

Table 25. Degree and kinds of limitations for specified recreational uses 

Landscape 
Picnic areas, parks 
and extensive 

unit Description 

Playground, athletic 
field and intensive 
play areas play areas 

SSPD 

SSPL 

SLPD 

Sandy over sandy, Moderate-high water 
poorly drained, table. 
dark-colored soils 

Sandy over sandy, Moderate-high water 
somewhat poorly table. 
drained, light 
colored soils 

Moderate-high water 
table. 

Moderate-high water 
table. 

Loamy over sandy, 
poorly drained, 
dark-colored soils. 

Severe-high water Severe-high water 
table. Moderate-surface table. Moderate-sur-
soil is sticky and soft face soil is sticky and 
when wet. soft when wet. 
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Bridle paths, 
nature and hiking 
trails 

Moderate-high 
water table. 

Moderate-high 
water table. 

Severe-high water 
table. Moderate
surface soil is 
sticky when wet. 

Golf course 
fairways 

Moderate-high water 
table and low natural 
fertility. 

Moderate-high water 
table and low natural 
fertility. 

Moderate-high water 
table. 



Table 25 (continued). Degree and kinds of limitations for specified recreational uses 

Landscape 
Picnic areas, parks 
and extensive 

unit Description 

Playground, athletic 
field and intensive 
play areas play areas 

LSWD 

LSPL 

LlPD 

XLWL 

M 

Sandy over loamy Moderate---0-2% slopes Moderate-vegetation 
well-drained dark- vegetation difficult difficult to maintain 
colored soils. to maintain in some in some places. 

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

Sandy over loamy Moderate-high water Moderate-high water 
table. poorly drained table. 

light-colored soils. 

Deep silty or 
loamy poorly 
drained, dark
colored soils. 

Loamy over mixed 
sandy and loamy, 
well-drained, light
colored soils. 

Marsh-organic 
and mineral soils 
with water on 
them more than 
9 months. 

Severe-high water 
table; frequently 
ponded. Moderate
surface soil is 
sticky and soft when 
wet. 

Severe-high water 
table; frequently 
ponded. Moderate
surface soil is sticky 
and soft when wet. 

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

Severe-high water 
table; ponded most 
of the year. 

Severe-high water 
table; ponded most 
of the year. 
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Bridle paths, 
nature and hiking 
trails 

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

Moderate-high 
water table. 

Severe-high water 
table; frequently 
ponded. Moderate
surface soil is 
sticky and soft 
when wet. 

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

Severe-high water 
table; ponded most 
of the year. 

Golf course 
fairways 

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

Moderate-high 
water table. 

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

Slight-2-6% slopes. 
Moderate-6-12% slopes. 
Severe--over 12°/o 
slopes. 

Severe-high water 
table; ponded most 
of the year. 



Tab!~ 25 (contim.!l~dl. Degree illi'ld kinds of limitations for specified recreational uses 

R 

LLPL 

LCPD 

CCWD 

YLPD 

Large exposed 
bedrock areas 

Deep silty or 
loamy poorly 
drained, light
colored soils. 

Clayey over loamy 
well-drained, dark
colored soils. 

Clayey over 
clayey, well 
drained, dark
colored soils. 

Intermixture of 
clayey over clayey, 
loamy over clayey, 
and loamy over 
loamy, poorly 
drained, dark
colored soils. 

Playground, athletic 
field and intensive 
play areas 

Severe-bedrock 
exposed. 

Severe--high water 
table; occasional 
ponding. Moderate
slow permeability 
surface soil is sticky 
when wet. 

Severe-high seasonal 
water table; poor traf
ficability; slow permea
bility. 

Severe-slippery and 
sticky when wet; 
slow to very slow 
permeability. 

Severe-poor natural 
drainage, frequently 
ponded, slippery and 
sticky in spots when 
wet. Moderate-slow 
permeability in places. 

~~~~~---~~~~~--~~~~-

Picnic areas, parks 
and extensive 
play areas 

Moderate-bedrock 
exposed. 

Severe-high water 
table; occasional pond
ing. Moderate--surface 
soil is sticky when wet. 

Severe-high seasonal 
water table; poor 
trafficability. 

Severe-slippery and 
sticky when wet; 
slow to very slow 
permeability. 

Severe-poor natural 
drainage, slippery 
and sticky in spots 
when wet. 
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Slight-bedrock ex
posed. 

Severe--high water 
table, occasional 
ponding . Moderate-
surface soil is sticky 
when wet. 

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

Severe--slippery and 
sticky when wet; 
slow to very slow 
permeability. 

Severe-poor natural 
drainage, slippery and 
sticky in spots when 
wet. 

Severe-bedrock ex
posed. 

Moderate-high water 
table; occasional 
pond in g. 

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

Severe-slippery and 
sticky in spots when 
wet. Moderate-high 
water table. 



INFORMATION FOR THE ENGINEER 

Because soil landscape units include several major and 
minor series, it is impossible to give specific engineering 
data such as engineering classification, particle size, liq
uid limit, plasticity index, percolation rates, shrink-swell 
potential, and corrosivity. These can be obtained from 
onsite investigation. Table 26 gives an approximate range 
in the American Association of State Highway Officials 
(AASHO) and unified classifications of materials in the 
respective soil landscape 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 or avoided. 
Landscape units with day will likely have high shrink
swell potentiaL 

Prime sources of gravel will be found in the Park Rap
ids-Staples Outwash Plain (8), Mississippi Valley 
Outwash (29), Minnesota Valley Outwash (32), Belgrade
Glenwood Outwash Plain (63), and Appleton-Clontarf 
Outwash Plain (65). Within the Alexandria Moraine Com
plex (3), St. Croix Moraine Complex (9), Big Stone Mo
raine (51), and Osakis Tin Plain (55) pockets of sand and 
gravel occur in small outwash areas and smaller pockets 
especially in landscape units XL WD and XL WL. Some 
gravel is located in the beach line along the east side ofthe 
Agassiz Lacustrine Plain. 

Bedrock often is used to supplement sand and gravel in 
areas of short supply. However, the overburden of glacial 
drift is too deep over most ofthe St. Cloud Sheet for this to 
be an economical source of gravel, especially with the 
plentiful supply of glacial graveL 

Table 26. Approximate engineering classificatior~ l!»f materials at the sltlliace a111d at 5 feet in the soil landscape am its delineated in 
the St. Cloud Sheet 

Soil 
landscape 
unit 

SSPL 

SLWD 

LSPL 

llWD 

LLWL 

LCPD 

CLPD 

CCWD 

NP 
LP 

SP 
M 

AASH0 1 

Surface 5 feet + 

A-2 A-2 

A-2, A-4, A-6 A-2, A-1 

A-2 A-2, A-4, 

A-6, A-7, A-4, A-7-5 A-6, A-4 

A-4, A-6, A-7, A-2-4 A-6, A-4, A-2-4 

A-7 A-7 

A-7 A-7 

A-7 A-7 

A-8 A-8 

A-8 A-6, A-4 

A-8 A-2 

UNIFIED2 

Surface 

SP-SM 

SM, OL, ML, Cl, ML-CL, SC 

s 

SP-SM, SP, SM 

OL, CL, ML, OH 

Ml, SM, SC, CL, SC-SM3 

OH, CH 
CH, MH or OH, MH 3 

OH, CH, MH, CH3 

Pt 

Pt 

Pt 

5 feet + 

SP-SM 

SP, SW, GP, SM, GW, GP-GM 

SM-SC, SM, SC, Ml 

Cl, ML-Cl 

CL, SC-SM 

Cl 

CH, CL 

CH 

PT 

CL, ML, OL 

SP-SM 

1American Association of State Highway Officials Standard Specification for Highway Materials and Methods of Sampling and Testing. 1961. 
2Wate1Ways Experiment Station, Corp. of Engineers. The Unified Soil Classification System Tech. Memo. 3-357, Vol. 2. 1953. 
3The 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 
stockpiled for use as topsoil on cuts and embankments. 
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Site preparation for building construction often subjects the land to a period of increased erosion. 

APPENDIX A 

Short Description of Soil Series 
Classified at the Subgroup Category of Soil Taxonomy. 

Aastad-Dark - colored, moderately well - drained clay 
loam 16 to 24 inches thick over day loam underlain at 25 
to 34 inches by calcareous clay loam till (Pachic Udic 
Haploboroll). 

Adolph-Light-colored, poorly drained silt loam 30 to 50 
inches thick over mildly alkaline, reddish brown sandy 
loam till (Typic Haplaquoll). 

Alluvial land-Consists of recent alluvium of variable tex
tures and of variable drainage on flood plains (Unclas
sified). 

Ames-Light-colored, somewhat poorly to poorly drained 
loam 8 to 16 inches thick over heavy clay loam subsoil. 
Calcareous loam till occurs below 36 to 48 inches (Typic 
Albaquoll). 

Arveson-Dark-colored, poorly and very poorly drained 
calcareous fine sandy loam 10 to 14 inches thick over 
strongly calcareous fine sandy loam, underlain at 14 to 
24 inches by slightly calcareous fine sand. (Typic Cal
ciaquoH). 

Arvilla-Dark-colored, somewhat excessively drained 
sandy loam to loam surface and subsoiL The substrata 
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below 14 to 25 inches consists of calcareous coarse sand 
and gravel (Udic Haploboroll). 

Barnes-Dark-colored, well-drained loam 12 to 23 inches 
thick over calcareous loam till (Udic Haploboroll). 

Barrows-Moderately dark-colored, poorly and very 
poorly drained loam to sandy loam 6 to 10 inches thick 
over gray strongly to medium acid sandy loam till (Mol
lie Haplaquept). 

Bearden-Dark - colored, somewhat poorly drained 
slightly alkaline silty clay loam or silt loam 7 to 16 inches 
thick over moderately alkaline silty day loam or silt 
loam (Aerie Calciaquoll). 

Biscay-Dark-colored, poorly drained loam 28 to 36 inches 
thick over mildly alkaline, coarse sand (Typic Hapla
quoll). 

Blowers-Light-colored, moderately well-drained, medi
um acid sandy loam 14 to 22 inches thick over sandy 
day loam or day loam subsoil 12 to 18 inches thick. 
When dry, the subsoil becomes slightly cemented (fragi
pan), thereby restricting water movement. Below 24 to 
40 inches the till is calcareous sandy loam (Aquic Fragi
boralf). 

Bluffton-Moderately dark-colored, very poorly drained, 
medium acid loam to clay loam 18 to 24 inches thick 
over calcareous loam or clay loam till (Typic Hapla
quoll). 



Borup-Dark-colored, poorly drained, mildly alkaline 
very fine sandy loam to sandy clay loam 24 to 36 inches 
thick over calcareous fine sand or loamy fine sand 
(Typic Calciaquoll). 

Braham-Light-colored, well to excessively drained, 
slightly acid loamy fine sand 20 to 40 inches thick over 
medium to slightly acid sandy clay loam or loam sub
soil. Calcareous loam till occurs below 40 to 50 inches 
(Arenic Eutrochrept). 

Brainerd-Light-colored, moderately well-drained, 
strongly to very strongly acid sandy loam 18 to 30 inches 
thick over strongly acid somewhat cemented (fragipan) 
sandy loam. Below 40 to 60 inches the till is slightly acid, 
slightly cemented sandy loam (Aquic Fragiochrept). 

Brophy-Dark-brown, very poorly drained, slightly de
composed, near neutral organic material derived pri
marily from Hypnum mosses, and more than 51 inches 
thick (Hemic Borofibrist). 

Burkhardt-Dark-colored, excessively drained, sandy 
loam about 20 inches thick over stratified coarse sand 
and fine gravel (Typic Hapludoll). 

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). 

Cathro-Black, very poorly drained, near neutral, highly 
decomposed organic layers derived primarily from her
baceous plants 16 to 50 inches thick underlain by sandy 
loam mineral (Terrie Borosaprist). 

Chetek-Light-colored, somewhat excessively drained, 
medium acid sandy loam over heavy sandy loam under
lain at 16 to 20 inches by reddish brown medium acid 
gravelly sandy loam (Eutric Glossoboralf). 

Clarion-Dark-colored, well-drained loams 30 to 40 inches 
thick over calcareous loam till (Typic Hapludoll). 

Clontarf-Dark-colored, moderately well-drained, sandy 
loam 20 to 32 inches thick over neutral sand (Pachic 
Udic Haploboroll). 

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

Colvin-Dark - colored, poorly drained, mildly alkaline 
silty clay loam 7 to 16 inches thick over moderately 
alkaline silty clay loam (Typic Calciaquoll). 

Cordova-Dark-colored, poorly to somewh~t poorly 
drained silty clay loam 24 to 50 inches thick over calcar
eous clay loam till (Typic Argiaquoll). 

Dassel-Dark-colored, poorly to very poorly drained, 
slightly acid fine sandy loam 30 to 40 inches thick over 
slightly acid sand or loamy sand (Typic Haplaquoll). 

Deerwood-Black, very poorly drained, highly decom
posed, calcareous organic soil material 4 to 16 inches 
thick over sand, but commonly stratified sand and grav
el (Histic Humaquept). 

Dickinson-Dark-colored, well to somewhat excessively 
drained fine sandy loam 24 to 36 inches thick over 
slightly acid loamy sand and sand (Typic Hapludoll). 

Doland-Dark-colored, well-drained silt loam about 24 
inches thick over calcareous loam till (Udic Haplobo
roll). 
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Dorset-Moderately dark-colored, well and somewhat ex
cessively drained sandy loam 12 to 26 inches thick over 
calcareous gravelly coarse sand (Mollie Eutroboralf). 

Dovray-Dark-colored, poorly and very poorly drained 
clay or silty clay 20 to 50 inches thick underlain by 
calcareous clay or silty clay (Cumulic Haplaquoll). 

Emmert-Light-colored, excessively drained slightly acid 
gravelly coarse loamy sand 12 to 28 inches thick over 
reddish brown, neutral gravelly coarse sand (Typic 
Udorthent). 

Estelline-Dark - colored, well and moderately well
drained silt loam 24 to 36 inches over calcareous fine 
sand (Pachic Udic Haploboroll). 

Estherville- Dark- colored, somewhat excessively 
drained, slightly acid sandy loam or loam 15 to 24 
inches over calcareous coarse sand and gravel (Typic 
Hapludoll). 

Fairhaven-Dark-colored, well-drained, slightly acid silt 
loam underlain at 22 to 40 inches by limy coarse sand 
and gravel (Typic Hapludoll). 

Fargo-Dark-colored, poorly drained silty clay or clay 16 
to 24 inches thick over limy clay or silty clay (Vertic 
Haplaquoll). 

Flak-Light - colored, well - drained, slightly to medium 
acid fine sandy loam 14 to 28 inches thick over medium 
acid somewhat cemented (fragipan) sandy loam under
lain by slightly acid, somewhat cemented sandy loam 
till below 28 to 50 inches (Typic Fragiochrept). 

Flom-Dark-colored, poorly and somewhat poorly 
drained silty clay loam or clay loam 20 to 30 inches thick 
over calcareous clay loam till (Typic Haplaquoll). 

Forada-Dark-colored, poorly and very poorly drained 
loam to sandy loam 22 to 40 inches over calcareous 
coarse sand (Typic Haplaquoll). 

Fordville-Dark - colored, well - drained loam 24 to 30 
inches over limy sand and gravel (Pachic Udic Haplo
boroll). 

Forman-Dark-colored, well-drained 11 to 26 inches thick 
over calcareous clay loam till (Udic Argiboroll). 

Possum-Dark-colored, poorly or very poorly drained, 
moderately alkaline sandy loam to loamy sand 12 to 20 
inches thick over moderately alkaline sand (Typic 
Haplaquoll). 

Freeon-Light- colored, moderately well- drained, 
strongly acid silt loam 15 to 30 inches thick over strongly 
acid loam subsoil. Reddish brown, slightly acid sandy 
loam till occurs below 24 to 50 inches (Typic Glossobo
ralf). 

Freer-Light-colored, strongly acid silt loam 15 to 30 inch
es over strongly acid loam underlain at 36 to 54 inches 
by reddish brown slightly acid sandy loam till (Aerie 
Ochraqualfs ). 

Fulda-Dark-colored, poorly drained silty clay loam about 
13 inches thick over silty clay which is calcareous below 
20 to 30 inches (Typic Haplaquoll). 

Glencoe--Dark - colored, very poorly drained, clay loam 
24 to 35 inches thick over loam to clay loam calcareous 
till (Cumulic Haplaquoll). 

Glyndon-Dark-colored, moderately well or somewhat 
poorly drained, moderately alkaline loam about 28 



inches thick over moderately alkaline loamy fine sand 
(Aerie Calciaquoll). 

Guckeen-Dark-colored, moderately well-drained, medi
um acid silty clay loam about 12 inches thick over medi
um acid silty clay or day about 36 inches thick. Below is 
calcareous silty clay loam (Aquic Hapludoll). 

Hamerly-Dark-colored, somewhat poorly or moderately 
well-drained, moderately alkaline loam about 8 inches 
thick over moderately alkaline loam till containing a 
high concentration of lime. (Aerie Calciaquoll). 

Hangaard-Dark-colored, poorly and somewhat poorly 
drained, mildly alkaline sandy loam or loam 7 to 20 
inches thick over limy gravelly coarse sand (Typic 
Haplaquoll). 

Hanska-Dark-colored, poorly drained loam or sandy 
loam 18 to 34 inches thick over sand. The sand is limy 
below 30 to 55 inches (Typic Haplaquoll). 

Hattie-Dark-colored, well and moderately well-drained 
mildly alkaline day over moderately alkaline clay sub
soil underlain at about 24 inches by limy clay till. (Uder
tic Haploboroll). 

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

Hecla-Dark-colored, moderately well-drained loamy fine 
sand 10 to 20 inches thick over mildly alkaline loamy 
fine sand frequently underlain at 30 to 54 inches by 
buried limy fine sandy loam soil which is dark colored in 
the upper 8 inches (Aquic Haploboroll). 

Hegne-Dark - colored, poorly drained, mildly alkaline 
silty clay over mildly alkaline silty day containing a 
high concentration of lime (Typic Calciaquoll). 

Holdingford-Light-colored, well-drained, slightly to 
medium acid fine sandy loam or loam 14 to 28 inches 
thick over medium acid somewhat cemented (fragipan) 
fine sandy loam or slightly acid clay loam (Typic 
Fragiudalfs). 

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). 

Isan-Dark-colored, poorly and very poorly drained, 
medium acid sandy loam or loamy sand about 16 inches 
thick over medium acid sand (Typic HaplaquoH). 

Lamoure-Dark-colored, poorly drained moderately alka
line silty clay loam or silt loam about 43 inches thick 
over a buried dark -colored heavy loam over mildly alka
line sandy loam alluvium (Cumulic Haplaquoll). 

Langhei-Dark-colored, well-drained, moderately alka
line loam about 6 inches thick over moderately alkaline 
loam till (Typic Udorthent). 

LaPrairie-Moderately, dark-colored, moderately well
drained, mildly to moderately alkaline silt loam about 
30 inches thick over moderately alkaline silt loam. Be
low 40 inches strata of sand and clay may occur (Cumu
lic Udic Haploboroll). 
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Lester-Moderately dark-colored, well-drained, medium 
acid light day loam about 13 inches thick over medium 
to slightly acid clay loam subsoil over strongly calcare
ous loam till (Mollie Hapludalf). 

LeSueur-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). 

Lino--Light-colored, somewhat poorly drained, medium 
acid fine sand about 45 inches thick over slightly acid 
fine sand (Aquic Udipsamment). 

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 HaplaquoU). 

Mcintosh-Dark-colored, moderately well or somewhat 
poorly drained, moderately alkaline silt loam 24 to 40 
inches thick over calcareous loam till (Aerie Calcia
quoll). 

Maddock-Moderately dark-colored, well-drained loamy 
fine sand about 30 inches thick over calcareous fine 
sand (Udorthentic Haploboroll). 

Markey-Very dark brown mildly alkaline, highly decom
posed organic soil, primarily from herbaceous plants, 
24 to 42 inches thick over mildly alkaline sand (Terrie 
Borosaprist). 

Mama-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). 

Marquette-Light-colored, somewhat excessively 
drained, neutral loamy sand about 9 inches thick over 
mildly alkaline gravelly sandy loam underlain at about 
14 inches by calcareous gravelly coarse sand (Psam
mentic Eutroboralf). 

Marysland-Dark-colored, poorly drained, moderately al
kaline loam about 12 inches thick over moderately alka
line loam containing a higher concentration of lime 
underlain at 20 to 40 inches by calcareous sand (Typic 
Calciaquoll). 

Mayer-Dark-colored, poorly drained, calcareous loam 
about 18 inches thick over calcareous sandy day loam 
subsoil underlain at about 30 inches by calcareous fine 
gravel and coarse sand (Typic Haplaquoll). 

Menahga-Light-colored, excessively drained medium 
acid coarse and medium sand (Typic Udipsamment). 

Milaca-Light-colored, well-drained, medium to strongly 
acid fine sandy loam 14 to 24 inches thick over strongly 
to medium acid reddish brown fine sandy loam which is 
slightly cemented (fragipan) (Typic Fragiochrept). 

Millerville-Dark-brown, very poorly drained slightly acid 
to neutral, moderately decomposed organic soil derived 
mostly from herbaceous plants 16 to 51 inches thick 
over calcareous loamy material with about 10 percent 
snail shells (Limnic Borohemist). 

Mooselake-Dark reddish brown, very poorly drained, 
medium, acid, moderately decomposed organic soil 
more than 51 inches thick (Typic Borohemist). 

Mora-Light-colored, moderately well-drained, slightly 
acid fine sandy loam 18 to 32 inches thick over slightly 



cemented (fragipan) reddish brown slightly acid fine 
sandy loam. (Aquic Fragiboralf). 

Nebish-Light-colored, well-drained, slightly acid loam to 
fine sandy loam about 10 inches thick over slightly to 
medium acid sandy clay loam subsoil 12 to 18 inches 
thick. At 22 to 28 inches the till is calcareous loam 
(Typic Eutroboralt). 

Nessel-Light-colored, moderately well-drained, slightly 
acid loam about 18 inches thick over medium to strongly 
acid day loam or heavy loam subsoil about 36 inches 
thick over calcareous loam till (Glossaquic Hapludalt). 

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

Nokasippi-Moderately dark-colored, very poorly 
drained, strongly to medium acid loamy fine sand or 
fine sand about 24 inches thick over medium to slightly 
acid light loam or sandy loam subsoil about 24 inches 
thick over reddish brown slightly cemented (fragipan) 
neutral sandy loam tin (Typic Haplaquoll). 

Nokay-Light- colored, somewhat poorly drained, 
strongly acid fine sandy loam 22 to 36 inches thick over 
strongly acid slightly cemented (fragipan) sandy loam 
subsoil underlain by dark brown, medium acid slightly 
cemented (fragipan) sandy loam till (Aerie Fragiaqualf 
or possibly Aerie Ochraqualf). 

Nutley-Dark-colored, well-drained, moderately alkaline 
silty or day 14 to 26 inches thick over calcareous 
clay (Udertk Haploboroll). 

Nymore-Moderately dark- colored, somewhat exces
sively drained, strongly acid loamy sand grading to 
sand at about 10 inches. Below about 32 inches the sand 
is medium acid (Typic Udipsamment). 

Omega-Light-colored, somewhat excessively drained, 
very strongly acid loamy sand about 10 inches thick 
over medium acid sand underlain at about 22 inches by 
light reddish brown, neutral fine sand (Spodic Udip
samment). 

Paddock-Light-colored, somewhat poorly drained, mod
erately acid sandy loam over moderately acid slightly 
cemented (fragipan) sandy day loam subsoil over mod
erately calcareous sandy loam till (Aerie Ochraqualf or 
possibly Aerie Fragiaqualt). · 

Parent-Moderately dark-colored, very poorly· drained 
fine sandy loam about 40 inches thick over reddish 
brown, neutral fine sandy loam till (Typic Haplaquoll). 

Parnell-Dark-colored, very poorly drained, slightly acid 
to neutral silty day loam about 55 inches thick over 
calcareous silty clay loam till (Typic Argiaquoll). 

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

Pomroy-Light-colored, well-and moderately well
drained, medium acid fine sand about 28 inches thick 
over brown slightly cemented (fragipan), slightly acid 
sandy loam (Typic Fragiochrept or Eutrochrept). 

Quam-Dark-colored, very poorly drained, neutral silty 
clay loam about 38 inches thick over calcareous clay 
loam till (Cumulic Haplaquoll). 
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Rauville-Dark-colored, very poorly drained, calcareous 
silty clay loam about 45 inches thick over calcareous 
stratified sand, gravel, and clay loam alluvium (Cumu
lic Haplaquoll). 

Renshaw-Dark-colored, somewhat excessively drained 
loam 10 to 20 inches thick over calcareous sand and 
gravel (Udic Haploboroll). 

Rifle-Reddish brown to black, very poorly drained, neu
tral, moderately decomposed organic soil primarily 
herbaceous fibers and over 51 inches thick (Typic Boro
hemist). 

Rockwood-Light-colored, well-drained, medium acid 
sandy loam over sandy day loam subsoil, slightly ce
mented (fragipan), 30 to 40 inches thick over calcareous 
sandy loam till (Typic Eutroboralf). 

Roliss-Dark-colored, poorly and very poorly drained, 
mildly alkaline loam about 16 inches thick over calcare
ous day loam till (Typic HaplaquoH). 

Runeberg -Light-colored, very poorly drained, medium 
acid sandy loam over medium acid sandy clay loam 
subsoil, over calcareous sandy loam till (Typic Ochra
qualf). 

Salida-Dark-colored, excessively drained gravelly sandy 
loam or gravelly loamy sand 7 to 12 inches thick over 
calcareous gravelly coarse sand (Entic Hapludoll). 

Sartell-Light-colored, excessively drained, medium acid 
fine sand over strongly acid fine sand over medium acid 
brown fine sand (Typic Udipsamment). 

Seelyeville-Very dark brown, very poorly drained, neu
tral or slightly acid, highly decomposed organic soil 
materials that are more than 51 inches thick and derived 
primarily from herbaceous plants (Euic Typic Borosa
prist). 

Shible-Dark-colored, well drained fine sandy loam about 
12 inches thick over heavy sandy loam subsoil underlain 
at 20 to 36 inches by fine sand. Depth to weakly calcare
ous sand ranges from 40 to 60 inches (Udic Argiboroll). 

Sinai-Dark-colored, moderately well and well-drained 
silty day over calcareous silty clay (Pachic Udic Haplo
boroH). 

Sioux-Dark-colored, excessively drained, loam about 5 
inches thick over calcareous gravelly loam over calcar
eous gravelly sand (Udorthentic Haploboroll). 

Sletten-Dark-colored, very poorly drained, calcareous 
silty clay loam (Typic Haplaquoll). 

Storden-Dark-colored, well-drained, slightly calcareous 
loam about 7 inches thick over calcareous loam till 
(Typic Udorthent). 

Svea-Dark-colored, moderately well-drained loam 20 to 
30 inches thick over calcareous loam till (Pachic Udic 
Haploboroll). 

Sverdrup--Dark-colored, somewhat excessively drained 
sandy loam about 16 inches thick over calcareous medi
um sand (Udic Haploboroll). 

Talcot-Dark-colored, very poorly drained, slightly cal
careous light clay loam about 30 inches thick over 
calcareous gravelly sand (Typic Haplaquoll). 

Tara-Dark-colored, moderately well-drained silt loam 20 
to 40 inches thick over calcareous loam till (Pachic U die 
Haploboroll). 



Tonka-Dark-colored, poorly drained, slightly to medium 
acid silt loam or loam 16 to 24 inches thick over medium 
acid silty clay loam underlain at 28 to 40 inches by 
calcareous loamy till (Argiaquic Argialboll). 

Vallers-Dark-colored, poorly drained, calcareous silty 
clay loam about 12 inches thick over strongly calcare
ous clay loam over calcareous loam till (Typic Calcia
quoll). 

Venlo -Dark-colored, very poorly drained non-calcare
ous fine sandy loam about 12 inches thick over non
calcareous fme sand over slightly calcareous fine sand 
(Typic Haplaquoll). 

Wadena-Dark-colored, well-drained, slightly acid loam 
24 to 40 inches thick over calcareous coarse sand and 
fine gravel (Typic Hapludoll). 

Watab-Light-colored, somewhat poorly drained, 
strongly acid loamy fme sand about 15 inches thick over 

strongly to medium acid fme sandy loam 20 to 42 inches 
thick underlain by slightly cemented (fragipan) slightly 
acid reddish brown sandy loam till (Aquic Fragiochrept 
or Eutrochrept). 

Waukon-Moderately dark-colored, well-drained loam 
about 9 inches thick over clay loam 20 to 32 inches thick 
over calcareous loam till (Mollie Eutroboralf). 

Webster-Dark-colored, poorly drained clay loam 24 to 36 
inches thick over calcareous loam till (Typic Hapla
quoll). 

Winger-Dark-colored, poorly drained calcareous silty 
clay loam about 7 inches thick over strongly calcareous 
silt loam to silty clay loam underlain at 24 to 40 inches 
by calcareous loam till (Typic Calciaquoll). 

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

SELECTED REFERENCES AND SOURCES OF ADDITIONAL INFORMATION OF PHYSICAL RESOURCES OF THE 
ST. CLOUD SHEET-MINNESOTA SOIL ATLAS 

Soils 

Soil survey reports have been published, date of issue in 
parentheses, of the following counties: Benton (1977), 
Douglas (1975), Grant (1978), Pope (1972), Sherburne 
(1968), Stevens (1971), and Wright (1968). 

If still in print, copies are available from the local county 
agricultural agent or from Soil Science Department, Min
nesota Agricultural Experiment Station, University of 
Minnesota, St. Paul, Minnesota 55108. 

The Unified Soil Classification System, U.S. Army Corps 
of Engineers, 1953. R* 

Water 

Minnesota Lakes, An Index and Guide. Dept of Conserv., 
1964. Documents 'Section, Centennial Bldg., St. Paul, 
Minn. 55155. C 

Minnesota's Lakeshore--Resources, Development, Pol
icy Needs. Part I. Statistical Summary. Part II. Center 
for Urban and Regional Affairs, University of Minneso
ta. 1970. S 
Quality of Waters, Minnesota, 1955-1962. Maderick, 
M.L. Div. ofWaters, Dept. ofConserv. Bull. No. 21, 1963. 
Documents Section, Centennial Bldg., St. Paul, Minn. 
55155. c 
Water Resources of the Pomme de Terre River Water
shed, West-Central Minnesota. Cotter, R.D. and L.E. 

*The availability of these materials is indicated by code: F-copy 
free on request; S-a limited number of copies available for free 
distribution; C-charge made; R-reference only at office indi
cated or at libraries. Geological Survey repoits are available 
in Winchell Library, Pillsbury Hall and Walter Library, Uni
versity of Minnesota. Soil survey reports listed are available in 
the St. Paul Campus Library, University of Minnesota. 
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Bidwell. Hydrologic Investigations Atlas HA-220, U.S. 
Geological Survey, Department oflnterior, 1966. 

Water Resources of the Chippewa River Watershed, 
West-Central Minnesota. Cotter, R.D., L.E. Bidwell, 
W .A. Van Yoast, and R.P. N ovitzki. Hydrological Investi
gations Atlas HA-286, U.S. Geological Survey, Depart
ment of Interior, 1968. 

Water Resources of the Crow River Watershed, South
Central Minnesota. Lindholm, G.F., D.F. Farrell, and 
J.O. Helgesen. Hydrological Investigations Atlas HA-
528, U.S. Geological Survey, Department of Interior, 
1974. 

Water Resources of the Mississippi and Sauk Rivers 
Watershed, Central Minnesota. Helgesen, J.O., D.W. 
Ericson, and G.F. Lindholm. Hydrological Investigations 
Atlas HA-534, U.S. Geological Survey, Department of 
Interior, 1975. 
Recreational Use of Rivers and Streams in Minnesota, 
Minnesota Outdoor Recreation Resources Commission 
(MORRC). Staff Study Report No. 11, 1965. Documents 
Section, Centennial Bldg., St. Paul, Minn. 55155. C 

Some Aspects of the Hydrology of Ponds and Small 
Lakes. Manson, P.W., G.M. Schwartz and E.R. Allred. 
Minn. Agr. 'Expt. Sta. Tech. Bull. 257. 1968. S 
Water Resources of Minnesota. Minnesota Farm and 
Home Science 21-3. Minn. Agr. Exp. Sta., 1964. Bulletin 
Room, Univ. of Minn., St. Paul, Minn. 55108. F 

Water Resources Data for Minnesota. Part I. Surface 
Water Records. Part II. Water Quality Records. U.S. 
Dept. oflnterior, Geological Surveys. 1971. R 

Sanitation 

Causes and Prevention of Failure of Septic Tank Percola
tion Systems. Federal Housing Administration (FHA). A 



Technical Studies Report, FHA, 533, April1964. Supt. of 
Documents, Washington, D.C. 20402. R 

Development of a Field Procedure for Predicting Move
ment of Liquid Wastes in Soils. Prog. Report No.2 Geo
logical and Natural History Survey. Madison, Wisconsin 
1971. s 
Minnesota Water Supply and Pollution Problems. Minn. 
Dept. of Health Section of Water Supply and Gen. Eng., 
1960, Univ. ofMinnesota, Minneapolis, Minnesota55440. 
F 

Recommended Well Ordinance. Minn. Dept. of Health, 
Section of Water Supply and Gen. Eng., 1959, Univ. of 
Minnesota., Minneapolis, Minn. 55440. F 

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

Standards for Design of Soil Absorption Type Disposal 
System for Public Establishments. Minn. Dept. of Health 
Section of Water Supply and Gen. Eng., 1962, Univ. of 
Minn., Minneapolis, Minn. 55440. F 

Town and Country Sewage Treatment. Machmeier, Rog
er E., Agr. Ext. BulL 304. Revised 1979. Dept. of Agr. 
Eng., Univ. of Minn., St. Paul 55108. F 

Economics 

Farm Business Summaries Type of Farming for South
eastern Minnesota. Annual Reports. T. Nodland and E. 
Persons. Dept. andAppliedEcon. Univ. ofMinn., 
St. PauL 5.5108. S 

Minnesota Outdoor Recreation Plan .. Executive Summa
ry. Documents Section, Minn. Dept. of Cons. Centennial 
Bldg., St. PauL 55155. C 

Fertilizer Use in Minnesota. Buxton, Boyd M. and Wil
liam A. Elder, Econ. Info. Rpt. R68-5. Dept. of Agr. and 
Applied Econ., Univ. of Minn., SL Paul. 55108. 1968. F 

Economies of Size in Minnesota Dairy Farming. Buxton, 
Boyd M. and Harald R. Jensen. Minn. Agr. Expt. Sta. 
Bull. 488. St. Paul, 55108. 1968. F 

Forestry 

Minnesota's Forest Trees. Miles, William R. and Bruce L. 
Fuller. Minn. Agr. Expt. Sta. Ext. Bull. 363. 197L F 

Minnesota Soil and Water Conservation Needs Invento
ry. Minn. Agr. Expt. Sta. Ext. Service. 1967. F 

The Original Forests of Minnesota. After map by Mar
schner, F.J. Lake States Forest Expt. Sta., USDA. St. 
PauL 1930. F 

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, UniversityofManitobaPress, Winni
peg, p. 121-140. C 
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Iowan Drift Problem, Northeastern Iowa. Ruhe, R. V. and 
W.P. Dietz, T.E. Fenton, and G.F. Hall, 1968. Iowa Geo
logical Survey Report of Investigations 7. C 

Glaciation of Minnesota and Iowa. Wright, H. E. and RV. 
Ruhe, 1965, in The Quaternary of the United States edited 
by Wright, H.E. and D.G. Fey, Princeton University 
Press, Princeton, New Jersey, p. 29-41. C 

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

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

Glacial and Vegetational History of Northeastern Minne
sota. Wright, H. E., and W .A. Watts with contributions by 
Saskia Jelgersma, Jean C. B. Waddington, Junko Ogawa, 
and T.C. Winter. Minnesota Geological Survey, Sp-11 
Special Publication Series, 1969. C 

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

Superior and Des Moines Lobes. Wright, H.E., Jr., C.L. 
Matsch, and E.J. Cushing. 1973. Memoir 136 Geological 
Society of America. 

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. Expt. 
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. Expt. 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. Expt. Sta. Tech. BulL No. 248, 1965. F 

Climate of Minnesota. Part IV. Spring Soil Temperatures. 
Baker, Donald G. and Joseph H. Strub. Minn. Agr. Expt. 
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. ExpL Sta. Tech. BulL No. 254, 1967. F 

Climate of Minnesota. Part VI. Solar Radiation at St. 
PauL Baker, Donald G. Minn. Agr. Expt. 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 Earl L. Kueh
nast. Minn. Agr. Expt. 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 



WATER RESOURCES-SURFACE AND GROUND 
WATER Ground water is available in till and lake plains, drumlin 

Information in this section has been abstracted from Hydrologic Investigations fields, and bedrock, but generally in smaller amounts and 
Atlases published by the U.S. Geological Survey and the Minnesota Department of 
Natural Resources. recharge is slower. See table 27 for additional information 

From data available approximately 90 percent of the on ground and surface water uses. 
water used in the St. Cloud Sheet area comes from ground Water naturally is more dependable from the larger 
water supplies. Most of the ground water comes from rivers than smaller streams and tributaries because the 
glacial drift. Only a few municipal wells extend into under- flow is more even. Table 28 gives discharge data for sev-
lying sandstone. The glacial drift over most of the St. eral rivers and tributaries. It lists the watershed area, 
Cloud Sheet is 200 to 400 feet thick, but varies from no years of record, maximum, minimum, and average dis-
glacial drift to over 500 feet thick. Over most of the Sauk charge. For some pertinent data and information for sev-
River watershed, the drift ranges from 100 to 200 feet erallakes refer to table 29. 
thick. Bedrock outcrops in the vicinity of St. Cloud and The water quality is quite similar in the drift and the 
Cold Spring, Stearns County and in a few places along the underlying formations. Dissolved solids range from 150 to 
Minnesota Valley Outwash. 600 milligrams per liter (mg/1), but more commonly be-

The most readily available ground water occurs in tween 250 and 500 mg/1. The water is hard to very hard 
outwash plains. Several irrigation systems are operating ranging from 120 to 500 mg/1. In most of the St. Cloud 
in the Belgrade-Glenwood Outwash Plain (63), in the vi- Sheet the range is 250 to 500 mg/1. Iron concentrations 
cinity of Brooten and Belgrade. vary from 0.02 to 7.7 mg/1, but the more common range is 

The moraines generally are the next best source for 0.08 to 2.5 mg/1. Manganese concentrations range from 0 
available ground water. Ice contact and buried sand and to 0.81 mg/1. Most samples analyzed ranged from 0.03 to 
gravel veins are more common in moraines than in till 0.2 mg/1. Concentrations of 0.30 mg/1 of iron and 0.05 
plains and drumlin fields. Outwash sand and gravel areas mg/1 of manganese impart taste and color to the water. 
occurring in moraines, although generally relatively small Incrustations of well screens and staining is a common 
in size, are generally good sources. problem of higher concentrations. 

Table 27. Characterization of water resources, St. Cloud Sheet Area, according to principal uses 

Surface water Ground water 

Small lakes Ice-contact sand Buried lenses Cretaceous 
Large and and gravel occurs Outwash sand of sand and 

and I 

Availability Fair* Fair* Fair-may Fair-ada- Adequate well Adequate well Adequate well Adequate well 
dry up quate star- yields yields yields yields 
during age capaci-

Rural droughts ty. 
domestic Quality Adequate for Suitable Suitable Adequate in- Recharge commonly Recharge Adequate re- Adequate re-
and stock for for flow suit- rapid rapid charge charge 
stock stock stock able for 
supply stock 

Treatment Necessary for Necessary Necessary Necessary Commonly hard Commonly Commonly hard May be softer 
domestic use for dom- for dom- for dom- and high in iron. hard and high and high in than glacial 

estic use estic use estic use in iron. fn iron. drift water. 
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Attractive, scenic lakes are 
common in the St. Cloud 
Sheet area, but eutmphica~ 
tion from runoff of nutri
ents is a em that 
needs increased attention" 

Small rivers 

Surface water 
----- -------

and Large 
Small lakes 
and 
sl 

Suitability Wildlife Wildlife Excellent Excellent 
and fish habitat for habitat 

wildlife 
Fish 
and 
wildlife 
habitat 

Flow Undesirable Floods 
variations floods 

* Available only to riparian lands. 

Table 28. Discharge data for some streams in the St Cloud Sheet 

Stream 

Minnesota River 

Minnesota River 

Chippewa River 

Location 
(near) 

Lac Qui Parle 

Montevideo 

Watson 

Watershed Years of 
sq. miles record 

4,050 

6,180 

2,050 

60 

1943-63 

1909-64 

1910-17, 1931-36 

Ground water 

Discharge(cfs)* 
Maximum Mimimum Average 

19,700 

24,500 

9,700 

No flow 

No flow 

No flow 

648 

616 

58.4 



Stream 

Platte River 

North Fork Crow River 

*Cubic feet per second. 

Location 
(near) 

Royaiton 

Regal 

Watershed Years of 
sq. miles record 

338 

215 

Records incomplete 
1929-36 

1944-54 

Discharge(cfs)* 
Maximum Mimimum .A-verage 

1,450 0,6 

2,120 No flow 

Table 29. Surface area, maximum and average depth, outlet control and classification of some lakes in the St Cloud Sheet 

lake County 

Minnewaska Pope 

Florida Kandiyohi 

Reno Pope 

lobster Douglas 

Surface 
area 
(acres) 

7,110 

598 

2,612 

1,438 

Depth (feet) 
Maximum Average Outlet control Fish and game classification 

32 17 Dam Migratory waterfowl nesting and resting 
area; large-mouth bass, panfish, walleyes 

40 16 Dam* large-mouth bass, panfish, rubble, walleyes 
some northern pike. 

23 17 Natural Walleyes-some northern pike, panfish 
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*Concrete Florida slough since Shakopee Creek directed into lake (1958). 
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GLOSSARY--5T" ClOUD SHEET 
Aquifers-Underground water bearing sand and gravel 

veins. 

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. 

Cretaceous-Geologic time prior to glaciers. 

Drift-(glacial drift}-Any deposit in a glaciated area origi
nating as a result of glaciation. 

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

Fragipan-A subsoil layer, somewhat compacted or ce
mented, which restricts downward movement ofwateL 

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

Ice-contact-Outwash material laid down where one side 
fixed by presence of glacial ice. 

Lacustrine-Deposits formed on the bottom of lakes. 

Limy-See calcareous. 

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

Moraine-Unconsolidated rock and mineral debris depos
ited by glacial ice. It commonly consists of a heteroge
neous mass of unsorted material, but that deposited 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 drainage 
which is commonly the result of artificial drainage or 
irrigation, but may be caused by the sudden deepening 
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 moder
ately 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 
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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: 

Extremely acid 
Very strongly acid 
Strongly acid 

pH 
below 4.5 
4.5-5.0 
5.1-5.5 

Medium acid 5.6-6.0 
Slightly acid 6.1-6.5 
Neutral 6.6-7.3 
Mildly alkaline 7.4-7.8 
Moderately alkaline 7.9-8.4 
Strongly alkaline 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 ma
terial, 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 margin 
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 
day particles in a mass of soil. The basic textural 
classes, in order of increasing proportion of fine parti
cles as related to the three classes used in this report, 
follow: 
S-sand and loamy sand (also includes gravel). 
L-sandy loam, loam, silt loam, silt, sandy clay loam, 
and day loam. 
C-silty clay loam, sandy day, silty day, and clay. 

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

Till plain-See ground moraine. 
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Waukon soil profile shows the influence of forest vegetation. 
r, the organic matter content is relatively high as indicated by 

LLWD soil landscape unit. 

· profile of a Rockwood soil has dense layers which are called 
gipans and are almost impervious to root penetration . 
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Surface boulders are common on many of the till derived soils. 
They are particularly common in the drumlin areas and at this 
site are being buried in a pit. 

Granite bedrock is near the surface or outcrops in central and 
eastern parts of Stearns County and is the basis of an extensive 
building stone industry. 

Irrigation acreage in the St. Cloud Sheet has increased markedly 
since 1970. Close to 400,000 acres are irrigated in the state and 
one of the most important areas of irrigation is on the Brooten
Belgrade Outwash Plain. 




