


1. Large farms and nearly level land characterize the 
Agassiz Lacustrine Plain, Red River Valley Area (1). 
2. Sunflowers are a crop of increasing importance in 
unit LLWD of the Agassiz Lacustrine Plain, Red River 
Valley Area (1). 3.Swathing barley in unit CCPD of 
the Agassiz Lacustrine Plain, Red River Valley Area (1). 
4. Color of topsoil reflects slight differences in eleva· 
tion of portions of the Agassiz Lacustrine Plain, Red 
River Valley Area (1). Lighter areas are slightly higher 
and are calcareous at the surface. 5. Soil properties can 
change significantly in a very short distance as seen in 
the cross section of a soil complex (unit CCPD of geo
morphic area 1). 
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Introduction 

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 National 
Cooperative Soil Survey to fill this need. Because they 
cannot be supplied rapidly enough for broad planning, the 
Soil Atlas is being developed. It is not intended to replace 
detailed soil survey reports, which are essential for plan
ning the use of smaller pieces ofland. Detailed soil survey 
work, carried on in most counties but unavailable in pub
lished form, has been assembled and supplemented to 
compile the Bemidji Sheet of the Minnesota Soil Atlas. 

Until detailed soil surveys are available for all Minne
sota counties, broad planning can be facilitated by the 
eleven sheets to be published in the Minnesota Soil Atlas 
series (see page 3). As detailed soil surveys become avail
able, the broad view of large planning will still be neces
sary. It is proposed that this series of maps be published 
with explanatory texts for each quadrangle in the state. 
For uniformity the Atlas Sheets are being published on the 
same scale as the U.S. Geological Survey topographic 
maps and other maps prepared by the Minnesota Geologi
cal Survey. 

The Bemidji Sheet encompasses approximately 
5,875,000 acres in northwestern Minnesota: from 47° to 
48° N. latitude and from 94° W. longitude to the western 
border of the state, extending from Lake Winnibigoshish 
to Grand Forks and including parts or all of 13 counties. 
Only one published county soil survey is available in this 
area. Appendix B indicates the extent of modem soil sur
veys in this area. 

Use of the Soil Atlas 

The .Minnesota Soil Atlas provides essential informa
tion for broad planning. Some of the uses that can be 
developed from this map follow: 

, 1. To determine areas suitable for various crops such 
.as potatoes, sugar beets, and canning crops to enable 
processors to locate plants within areas of greatest 
potential. 

2. To determine areas' potential for various types of 
farming, forestry, or recreation. 

3. To determine areas that would benefit from drain
age or irrigation. 

4. To prepare wildlife density maps. 
5. To locate pulp and lumber mills within areas of 

greatest potential supply. 
6. To locate feasible routes for utility lines and 

highways. 
7. To' serve as reference for science teachers injunior 

high, high school, and college courses. 
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For specific planning of individual farms, cities, 
towns, recreation areas, tax equalization, and road build
ing purposes, more detailed surveys are necessary than 
this map. However, this map may point out priority areas 
where detailed surveys will be most useful. 

This map and text are not designed to present detailed 
interpretations and uses, only to provide general informa
tion for such uses. Additional interpretive material will be 
prepared as needed. 

How the Map Was Prepared 

The base map was prepared from the Bemidji quadran
gle and the eastern portion of the Grand Forks quadrangle 
by the U.S. Geological Survey, Department of Interior. 
The scale of 1:250,000, or about~ inch to 1 mile makes it 
possible to show areas as small as I square mile. Contour 
intervals of 50 feet indicate some of the topography. 

Soil landscape delineations were developed from de
tailed soil surveys where available. The published survey 
of Hubbard County was also used. Field work was neces
sary where no soil survey information existed. 

In the attempt to provide a generalized map for the user 
with a minimum knowledge of soils, 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 or loamy 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 well-drained soils designated (W); 
and poorly drained designated (P). Units with (W) desig
nation 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). Thus, the Nebish* 
series would appear on the map as LL WL and would be 
interpreted from the map as a light-colored, well-drained 
loamy soil over loamy material (in this instance loamy 
glacial till). Beltrami and Warba soils would also appear in 
this landscape unit. Some areas on the map do not have a 
four-letter symbol. These are soil landscapes such as SP 
for shallow peat .over sandy, LP for shallow peat over 
loamy, NP for non-acid deep peat, AP for acid deep peat, 
A for flood plain, and M for marsh. 

Twenty three geomorphic areas are delineated 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 will extend 
into adjoining counties. 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 included in tables 2 to 25. 

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



Agassiz Lacustrine Plain, Red River Valley Area (1) 

This region covers approximately 1,111 ,000 acres or 19 
percent of the Bemidji Sheet. 

The Red River Valley consists of a low nearly level 
plain formerly occupied by Glacial Lake Agassiz. The Red 
River forms the western boundary in Minnesota and most 
of the region occurs west of the beaches which form the 
eastern boundary. This area formed in an estimated 250 to 
300 feet of water. Lake-laid sediments are commonly from 
5 to 10 feet thick. Clay, silty clay, and silt loam textures are 
most common. 

An area east of the Inter-Beach ( 1 C) region is included 
in the region mainly because of the loamy textures. Water 
depth in this part of the lake was much less than nearer the 
Red River, consequently lake-laid sediments are much 
shallower. In places the sediments consist of water
worked till. 

The Red River is a slow-moving, winding stream with 
about 5 feet fall per mile. The basin slopes gradually west
ward and northward. Red Lake, Marsh, and Rice rivers 
are the main tributaries flowing through the region into the 
Red. Depth of the water table is normally 5 to 10 feet. Near 
the beach line it is less than 5 feet. No lakes 160 acres or 
more in size occur in the region. 

About 66 percent of the region consists of poorly 
drained soils. The remaining 34 percent has moderately 
well to somewhat poorly drained soils. Runoff is slow to 
very slow, permeability is slow and the water-holding 
capacity is high. 

Original vegetation was mainly tall prairie grass. 
Northern hardwoods occurred along the main streams, 
and brush prairie occupied most of the northern Red Lake 
County. About 5 percent remains forested, mainly to 
northern hardwoods along the main streams. Ten to 20 
percent is grass and brush occurring in small tracts. Some 
of these are pastured. Seventy-five to 85 percent is crop
land. Barley, wheat, soybeans, sunflowers, sugar beets, 
and potatoes are the main crops. 

Thirteen soil landscape units are mapped in the region: 
CCPD, LLWD, LLPD, CLPD, A, SLWD, SLPD, 
CLWD, LP, SSWD, SSPD, LSPD, and LSWD. Table 2 
gives selected features of the units. Additional informa
tion follows: 

CCPD Approximately 25 percent of the soils are limy 
throughout. About 5 percent are loamy in the 
upper 2 to 3 feet. Another 5 percent are silty. 
These loamy and silty soils are better drained. 
(Vertic Haplaquolls) 

LL WD In 5 to 10 percent of the unit lacustrine clays occur 
at 3 to 4 feet below the surface. During wet peri-

5 

ods, a perched water table builds up above the 
clay zone. Another 5 to 10 percent have very fine 
sands below 2 to 3 feet. Most of the soils in the unit 
are alkaline. Gypsum crystals occur in many of 
the soils below 2 to 3 feet. (Aerie Calciaquolls) 

LLPD Loam and clay loam soils developed on water
modified till are dominant in this unit. The soils 
are generally calcareous below 20 inches and 25 to 
35 percent are alkaline to the surface. Five to 10 
percent are moderately well drained. (Typic 
Haplaquolls) 

CLPD Silt loam soils are intermixed with clayey soils. 
Most of the silt loam soils are slightly better 
drained. About 80 percent of the soils are alkaline. 
Gypsum crystals occur below 2 to 4 feet in some 
places. (Typic Calciaquolls) 

A Most of this unit occurs along Red Lake River. 
(Unclassified) 

SLWD The unit includes 10 to 20 percent sandy soils. 
Another 5 to 15 percent are poorly drained. Five 
to 10 percent are deep silt loams. Most of the soils 
are alkaline. (Aerie Calciaquolls) 

SLPD Most of the soils in the unit are alkaline. An esti
mated 10 percent are moderately well drained; 10 
percent are deep silt loams and another 10 per
cent are sandy. The water table is normally less 
than 6 feet deep. (Typic Calciaquolls) 

CL WD Soils in most of the unit are alkaline. The unit 
includes 10 to 15 percent deep silty soils, 5 to 10 
percent clayey soils, and another 10 to 15 percent 
poorly drained soils. (Aerie Calciaquolls) 

LP The peat is less than 4 feet deep in most of the 
unit. Included are 10 to 20 percent poorly drained 
mineral soils. (Terrie Borosaprists) 

SSWD The unit includes sandy and gravelly soils on 
beach lines and deep sandy soils. About 10 per
cent are very fine sandy loams in the upper 24 
inches. Another 10 percent are poorly drained. 
(Aerie Calciaquolls) 

SSPD The unit includes 10 to 15 percent better drained 
soils. (Typic Calciaquolls) 

LSPD About 15 percent are deep sands. (Typic 
Haplaquolls) 

LSWD About 15 percent are deep sands. (Udorthentic 
Haploborolls) 



Table 1. Acreage estimates of 
within tthe Bemidji Sheet 

No. Name 

Agassiz lacustrine Plain, 
Red River Valley Area 

18 Agassiz Lacustrine Plain, 
Big Fork Valley Area 

1C Agassiz Lacustrine Plain, 
Inter-Beach Area 

10 Agassiz lacustrine Plain, 
Red Lake Area 

2 Fergus Falls !Young Gray Drift) 
Till Plain 

2.A Fosston Till Plain, loamy 

2B Blackduck Till Plain, loamy 

2C Falk Till Plain, loamy 

3 Alexandria Moraine Complex 

3A Erskine Moraine, loamy 

38 Northome Moraine, loamy 

3C Clearbrook Moraine, loamy 

4 Detroit lakes Pitted Outwash Plain 

5 Mahnomen Lacustrine Plain 

8 Park Rapids- Staples Outwash Plain 

11 Itasca Moraine Complex, rolling 

22A Marcell Moraine Complex 

228 Sugar Hills Complex, rolling to hilly 

24 Swatara Plain, silty 

25 Aitkin lacustrine Plain, sandy 

47 Bagley Outwash Plain, sandy 
and gravelly 

48 Guthrie Till Plain, loamy 

49 Bemidji Sand Plain 

Total 

geomorphic areas 

Percent of 
Acres sheet 

1,111,000 Hl 

59,000 

555,000 9 

315,000 5 

130,000 2 

289,000 5 

467,000 8 
104,000 2 

311,000 5 

153,000 3 

42,000 1 

145,500 3 

1,000 T 

229,000 4 

95,000 2 

764,000 13 

4,800 T 

29,000 

65,500 1 

191,500 3 

225,000 4 

238,000 4 

272,000 5 

5,796,300 100 

6 

Profile of soil landscape tmit LLWD formed in silt loam sedimerrls of 
giaciel Lake Agassiz. This &.mit makes up a major portion of geomor~hic 
area 1. 



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

Soil Percent 
landscape geomorphic 

unit region 

LLWD 25 

CLPD 11 

SLWD 3 

CLWD 

SSWD 

LSPD <1 

Lakes <1 

Landscape 
position 

level lake 
plain 

nearly level 
lake plain; 
some micro 
relief 

level lake 
plain 

nearly level 
lake plain 

nearly level to 
gently sloping 
lake plain and 
beaches 

level lake 
plain 

Most common 
texture and thickness (feet) 

Moisture 
relationships 

Inches of 
available water 

Rooting zone Substratum to 5 feet 
Drainage 

class 

silt loam and 
silty clay loam 
(4) 

silt loam, silty 
clay loam and 
silty clay (3) 

loam, very fine 
sandy loam 
and silt 
loam (2-3) 

loam and very 
fine sandy 
loam (2-3) 

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

silt loam and 
silty clay 
loam (4+) 

clay and silty 
clay loam 
(3-20+) 

loamy very 
fine sand 
(3-4+) 

clay and silty 
clay (3-20 +) 

fine sand, and 
sand and gravel 
(2-4+) 

loamy sand and loam and clay 
sand (1-3) loam (3-4+) 
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8-12 

8-12 

4-8 

8-12 

<4 

4-8 

moderately well 
and somewhat 
poorly drained 

poorly and 
somewhat 
poorly drained 

moderately well 
and somewhat 
poorly drained 

somewhat 
poorly and 
moderately 
well drained 

moderately well, 
somewhat 
poorly and 
excessively 
drained 

poorly drained 

pH 

7.2+ 

Approximate 
fertility in 

rooting zone 

p 

low 

6.5-7.8 low 

7.2+ low 

Representative 
K soil series 

high 

high 

Bearden 

Fargo 
Colvin 
Bearden 

medium Glyndon 

7.2+ low medium Wheatville 

6.8+ medium low Ulen 
Sioux 
Flaming 

6.2-7.2 medium low Kratka 
Grygla 



Ag ssiz Lacustrine Plain, Big Fork Valley Area (18) 

The region covers an area of approximately 59,000 
acres or 1 percent of the Bemidji Sheet. 

The Big Fork Valley is a relatively level depressed 
plain formerly occupied by the eastern portion of Glacial 
Lake Agassiz. Only a small portion of this region is located 
in the Bemidji Sheet. The water table is normally surface 
to 6 feet deep on the peat bogs, and over 6 feet deep in the 
remainder of the region. There is one lake covering about 
700 acres. 

The plain is generally covered by 5 feet or more of silty 
and clayey lacustrine sediments over calcareous loamy 
till. The water-holding capacity is high. 

The original vegetation was mainly upland spruce and 
balsam fir. Tamarack, black spruce, and alder occurred on 
peat bogs. An estimated 80 to 90 percent is forested, 
largely by aspen, spruce, and balsam fir. Vegetation on the 
bogs has not changed much. Ten to 20 percent is cropland. 
Oats, timothy, and brome are the principal crops. 

Nine soil landscape units are mapped in ·the region: 
LLPL, CCPL, LLWL, LP, CCWL, SSWL, LSWL, P, and 
NP. Table 3 gives selected features of the units. Additional 
characteristics follow: 

LLPL The soils in this unit are quite similar to those in 
LL WL except that they occupy slightly lower 
landscape position and are more poorly drained. 
(Typic Ochraqualfs) 

CCPL The soils are calcareous below 12 to 20 inches. 
(Typic Ochraqualfs) 

LLWL Most of the cultivated land in Big Fork Valley 
Area is in this unit. Minor areas of the poorly 
drained soils are included. The soils are limy be
low 15 to 24 inches. (Aquic Eutroboralfs) 

LP The peat is over 3 feet thick over most of this unit. 
The unit includes a small percentage of mineral 
soils. (Terrie Borosaprists) 

CCWL The soils in this unit are closely associated with 
those in CCPL but differ in occupying a slightly 
higher position and being better drained. (Aquic 
Eutroboralfs) 

SSWL This unit consists largely of a narrow beach line 
which has 6 feet or less of higher elevation than 
the surrounding lake plain. (Aquic Udipsam
ments) 

LSWL The sands range from 18 to 40 inches thick over 
calcareous water worked loam till. (Spodic Udip
samments) 

P About 10 percent of the unit consists of shallow 
peat and 5 to 10 percent poorly drained mineral 
soils. (Typic Borohemists) 

NP Somewhat poorly and very poorly drained min
eral soils occupy about 10 percent of the unit. 
(Typic Borosaprists) 

Table 3. Selected features of soil landscape units within the Agassiz Lacustrine Plain, Big Fork Valley Area (18) 
geomorphic region 

Most common 
texture and thickness (feet) 

Soil Percent 
landscape geomorphic Landscape 

unit 

CCPL 16 level to slightly silty clay and clay (3-5+) 
depressed lake clay (2-3) 
plain 
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Moisture 
relationships 

Inches of 

Approximate 
fertility in 

rooting zone 

8-12 poorly and very 5.2-6.2 high medium Indus 
poorly drained Wabanica 



Table 3 (continued). Selected features of soil landscape units within the Agassiz Lacustrine Plain, Big Fork 
Valley Area (18) geomorphic region 

Soil Percent 
landscape geomorphic 

unit region 

CCWL 10 

LSWL 6 

NP 

Landscape 
position 

nearly level to 
undulating lake 
plain 

nearly level to 
undulating lake 
plain 

level to 
depressed 
lake plain 

Most common 
texture and thickness (feet) 

Rooting zone 

silty clay and 
clay (2-3) 

loamy fine 
sand and fine 
sand (2-4) 

peat (1-3) 

Substratum 

clay (3-5+) 

clay loam 
(4-5+) 

peat (3+) 

Moisture 
relationships 

Inches of 
available water 

to 5 feet 
Drainage 

class 

9 

8-12 

4-8 

moderately 
well drained 

moderately 
well drained 

>12 very poorly 
drained 

Approximate 
fertility in 

rooting zone 

pH P K 
Representative 

soil series 

5.2-6.2 high medium Taylor 

5.2-6.2 medium 
to 

high 

5.5-7.8 low 

low Gudrid 

low Seelyeville 
Cathro 



The region contains an area of approximately 555,000 
acres or 9 percent of the Bemidji Sheet. 

The Inter-Beach Area consists of beaches formed dur
ing the different stages of Glacial Lake Agassiz and the 
lower poorly drained areas between the beaches. The 
ridges usually are 2 to 15 feet high, but locally may be 
several feet higher. Width ranges from about 150 to 500 
feet. Commonly several are grouped together in com
plexes of a half mile or more wide. The beaches act as 
natural levees holding back water long enough to form 
long narrow, poorly and very poorly drained areas. Depth 
of the water table on the well-formed beaches and better
drained areas is normally over 10 feet, but between beach
es is usually less than 6 feet deep. Three lakes, each at 
least 160 acres in size and totaling about 1,300 acres, are 
located in the region. 

Soils on the beaches are sandy, gravelly, and 
droughty. Non-beach areas generally range from sandy to 
loamy but include smaller areas of clayey and peat soils. 
The water-holding capacity on sandy soils is low and on 
other areas high. 

The original vegetation was prairie with numerous 
clumps of aspen except in Red Lake County. There the 
vegetation was open prairie-woodland. An estimated 30 to 
40 percent of the region is cropland, 35 to 45 percent is 
pasture and meadow land, and 20 to 30 percent is wooded, 
mainly to aspen. The main crops are oats, barley, wheat, 
and sunflowers. 

Sixteen soil landscape units are mapped in the region: 
SSWD, LLPD, SSPD, LLWD, LSWD, CCPD, A, SLPD, 
SLWD, LSPD, LP, SP, SSWL, CLPD, CLWD, and M. 
Table 4 gives selected features of each unit. Additional 
characteristics follow: 

SSWD Most of the unit occurs on beaches. Included are 
15 to 25 percent ofloamy poorly and very poorly 
drained soils between beaches too narrow to de
lineate. (Udorthentic Haploborolls) 

LLPD Beach ridges too narrow to delineate are in
cluded. They make up 10 to 20 percent of the unit. 
Another 10 to 20 percent have a sandy layer 10 to 
20 inches thick within the 36 inch depth. Approxi
mately 40 percent of the unit has alkaline· soils. 
(Typic Haplaquolls, calcareous) 

SSPD An estimated 10 to 20 percent of the soils occur on 
narrow beach ridges. An additional 10 to 20 per
cent are poorly drained loamy soils. Most of the 
soils are alkaline. (Typic Haplaquolls) 
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LLWD The unit includes 10 to 20 percent poorly drained 
loamy soils, 5 to 10 percent shallow sandy over 
loamy soils, and 5 to 10 percent sandy soils. 
(Aquic Haploborolls) 

LSWD An estimated 10 to 20 percent are deep sandy 
soils, 10 to 20 percent are poorly drained, and 
another 5 to 10 percent are deep loamy soils. 
(U dorthentic Haploborolls) 

CCPD In 5 to 10 percent of the unit the upper 20 to 30 
inches consists ofloamy sediments and in another 
5 percent fine sands occur below 36 to 48 inches. 
Approximately 25 percent of the unit is alkaline. 
(Typic Haplaquolls) 

A This unit comprises the flood plains along the Red 
Lake and Clearwater rivers. It is subject to fre
quent flooding. (unclassified) 

SLPD Included are narrow beach ridges. These make up 
10 to 20 percent of the unit. Deep loamy soils 
comprise 10 to 20 percent, and sandy soils make 
up another 5 to 10 percent. (Typic Calciaquolls) 

SL WD Inclusions in this unit are small areas of deep 
sandy soils, of poorly drained soils, and of deep 
loamy soils. (Aerie Calciaquolls) 

LSPD The unit includes minor areas of deep sandy soils 
and deep loamy soils. A few areas are well 
drained. (Typic Haplaquolls) 

LP Approximately 30 percent of the peat is less than 3 
feet thick. Mineral soils make up about 15 percent 
of the unit. These are mainly poorly and very 
poorly drained loams, but include some gravelly 
soils. (Terrie Borosaprists) 

SP Mineral soils occur in about 10 percent of the unit. 

SSWL About 20 percent are moderately dark-colored 
soils; 15 percent are underlain by loamy sedi
ments at 2 to 4 feet; and 15 percent are poorly 
drained. (Aquic Udipsamments) 

CLPD The clayey and silty soils are intermixed in this 
unit and in places the silty soils are less than 3 or 4 
feet thick over clay. (Vertic Haplaquolls) 

CL WD The unit includes small areas of clayey and deep 
loamy soils. (Aerie Calciaquolls) 

M These areas are covered with water much of the 
year. (unclassified) 



Table 4. Selected features of soil landscape units within the Agassiz Lacustrine Plain, Inter-Beach Area (1C) 
geomorphic region 

Soil Percent 

Most common 
texture and thickness (feet) 

landscape geomorphic Landscape 

LLPD 28 

LLWD 8 

CCPD 3 

SLPD 2 

LSPD 

SP <1 

level to 
depressional 
lake plain 

level to gently 
sloping plain 

loam, sandy 
loam, and clay 
loam (2-4) 

loam and clay 
loam (4) 

loam and clay 
loam (4+) 

clay loam (4+) 

level lake plain clay and silty clay (3-5+) 
clay (3) 

level to 
depressional 
lake plain 

level to 
depressional 
lake plain 

level to 
depressional 
lake plain 

very fine sandy loamy very fine 
loam and silt sand and very 
loam (2-3) fine sand (3-5+) 

fine sandy 
loam, loamy 
fine sand, and 
fine sand (2-3) 

peat (1-3) 

clay loam 
(3-5+) 

peat, sand 
and loam (3+) 
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Moisture 
relationships 

Inches of 

8-12 

8-12 

8-12 

poorly and very 
poorly drained 

moderately well 
to somewhat 
poorly drained 

poorly drained 

7.2+ 

6.8-7.6 

6.8+ 

Approximate 
fertility in 

rooting zone 

low medium Roliss 
Rockwell 

low medium Kittson 

low high Viking 
Hegne 
Fargo 

4-8 poorly drained 7.6+ low low Borup 

4-8 

8+ 

and very poorly 
drained 

poorly and 
very poorly 
drained 

very poorly 
drained 

5.2-6.2 medium 

5.5-7.8 low 

low 

Arveson 

Kratka 
Grygla 

low Deerwood 
Markey 



Table 4 (continued). Selected features of soil landscape units within the Agassiz Lacustrine Plain, Inter-Beach 
Area (1C) geomorphic region 

Soil Percent 
landscape geomorphic 

unit region 

CLWD <1 

Landscape 
position 

level to nearly 
level lake plain 

Most common 
texture and thickness (feet) 

Rooting zone 

loam and very 
fine sandy 
loam (2-3) 

Substratum 

silty clay 
and clay 
(3-5+) 

Dunes formed by blowing sand from the beaches of glacial Lake Agassiz. 

Moisture 
relationships 

Inches of 
available water 

to 5 feet 

8-12 

12 

Drainage 
class 

moderately well 
to somewhat 
poorly drained 

Approximate 
fertility in 

rooting zone 

pH P K 
Representative 

soil series 

7.2+ low medium Wheatville 
Donaldson 



Agassiz Lacustrine Plain, Red Lake 

This region contains an area of approximately 315,000 
acres or about 5 percent of the Bemidji Sheet. 

The region is a large nearly level, depressed plain 
formerly occupied by Glacial Lake Agassiz. It includes 
the organic and sandy soils in the vicinity of Lower Red 
Lake, and a beach along the southern margin. Most of 
Lower Red Lake, a total of 129,000 acres, is located in the 
region. Depth of the water table is normally over 10 feet on 
better drained soils and between the surface and 6 feet on 
more poorly drained soils. 

The region contains shallow lacustrine sediments over 
calcareous loam and clay loam till. The upper portion of 
the till has been modified by wave action. Much of the area 
south and east of the lake has a sand cap, generally over 4 
feet thick, but 2 to 4 feet thick in many places. The beaches 
are discontinuous and in most places 5 to 10 feet high. 
They are sandy and gravelly. The water-holding capacity 
of the sandy soils in the region is low and on loamy soils, 
high. 

The original vegetation along the western side was 
prairie with numerous clumps of aspen. South and east of 
Lower Red Lake was largely upland spruce and fir. 
Swamp conifers occupied the peat areas. Approximately 
35 percent of the land is under cultivation. Oats, barley, 
clover, alfalfa, and brome are the main crops. About 10 
percent is pasture land, 45 percent forested, and 10 per
cent is marsh. Aspen occurs on the mineral soils and black 
spruce and tamarack on the peat land. 

Fifteen soil landscape units are mapped in the region: 
NP, M, LLPD, SSWL, SSPL, LSPL, LLPL, LSWL, 
SSWD, SSPD, A, SP, LP, LLWL, and LSPD. Table 5 
shows selected characteristics of each soil landscape unit. 
Additional characteristics follow: 

NP The organic soils are predominantly over 3 feet 
thick over calcareous clay loam till. A sandy sub
stratum occurs in a few places. In about 25 per
cent of the unit the peat is less than 3 feet thick. 
Poorly drained mineral soils occupy less than 5 
percent of the unit. (Typic Borosaprists) 

M The unit consists of a relatively large marshy area 
with some open water. Soils are mostly formed 
in deep peat, but include some mineral soils. 
(Unclassified) 

LLPD The upper 1 to 2 feet is mainly water reworked till 
over calcareous loam to clay loam till. The surface 
foot, in places, is lacustrine. Approximately 5 
percent of the area includes peat soils. (Typic 
Haplaquolls) 
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SSWL Approximately 30 percent of the unit occurs on 
beaches. These are generally coarse sandy and 
gravelly soils. About 10 percent of the unit is 
underlain at 30 to 48 inches by clay loam till. 
About 10 percent is poorly drained. (Aquic Udip
samments) 

SSPL Included in 10 to 15 percent of this unit are soils 
which are underlain at 30 to 48 inches by clay loam 
till. Another 10 to 15 percent are moderately well 
drained. Shallow peat occupies another 5 to 10 
percent. (Typic Psammaquents) 

LSPL Approximately 10 percent of soils in this unit are 
moderately well drained, 10 to 15 percent are deep 
sands and another 5 percent are loamy. (Typic 
Haplaquents) 

LLPL Ten to 15 percent of the soils are moderately well 
drained. Another 10 percent has a sandy surface 
10 to 20 inches thick. Shallow peat occupies about 
5 percent of the unit. (Typic Ochraqualfs) 

LSWL In 10 to 15 percent ofthe unit the sands are over 4 
feet thick, 5 to 10 percent are loamy and another 
10 to 15 percent are poorly drained. (Spodic Udip
samments) 

SSWD The eastern part of this unit grades into light
colored soils. (Udorthentic Haploborolls) 

SSPD An estimated 10 percent of the unit is underlain by 
clay loam till at 30 to 40 inches. Ten to 15 percent 
has moderately well drained soils. (Mollie Psam
maquents) 

A This unit represents the flood plain along two 
rivers flowing into Lower Red Lake from the east. 
(unclassified) 

SP Poorly drained mineral soils comprise 5 to 10 per
cent of this unit. (Histic Humaquepts) 

LP Mineral soils comprise about 10 to 15 percent of 
the unit. (Terrie Borosaprists) 

LL WL Somewhat poorly to poorly drained soils make up 
about 30 percent of the unit. Shallow peat occurs 
in 5 percent and silty soils in another 5 percent of 
the unit. (Aquic Eutroboralfs) 

LSPD Approximately 15 percent of this soil landscape 
unit consists of deep sands, 5 percent is shallow 
peat and 25 percent is moderately well-drained, 
light-colored soils. (Typic Haplaquolls) 



Table 5. Selected features of soil landscape units within the Agassiz Lacustrine Plain, Red Lake Area (1 D) 
geomorphic region 

Soil Percent 
landscape geomorphic 

unit region 

M 10 

SSWL 7 

LSPL 7 

LSWL 2 

SSPD 

SP 

Landscape 
position 

level to 
depressional 

nearly level 
lake plain and 
sloping 
beaches 

level lake plain 

nearly level 
lake plain 

level to 
depressed 
lake plain • 

level to 
depressional 

Most common 
texture and thickness (feet) 

Rooting zone 

peat (1-3) 

Substratum 

peat or 
mineral (3+) 

loamy sand fine sand, 
sandy loam and sand and 
fine sand (1-2) gravel (2-5+) 

loamy fine 
sand and fine 
sand (2-3) 

loamy fine 
sand and fine 
sand (2-3) 

loamy fine 
sand and fine 
sand (1-3) 

peat (1-3) 

loam and clay 
loam (3+) 

clay loam and 
loam (3+) 

fine sand 
(3-5+) 

peat, sand 
and loam (3+) 

Moisture 
relationships 

Inches of 
available water 

to 5 feet 
Drainage 

class 

1-4 feet marshy 
of water 

on surface 

Approximate 
fertility in 

rooting zone 

pH P K 
Representative 

soil series 

<4 well to 5.2-6.8 very high low Hiwood 
Redby 
Marquette 

4-8 

4-8 

<4 

8+ 
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somewhat poorly 
drained 

poorly and very 
poorly drained 

moderately well 
and somewhat 
poorly drained 

poorly and 
very poorly 
drained 

very poorly 
drained 

5.2-6.2 medium low 

5.2-6.2 medium low 
to 

high 

5.2-6.2 medium low 
to high 

Grygla 
Unnamed 

Gudrid 

Unnamed 
Cormant 

5.5-7.8 low low Deerwood 
Markey 



Table 5 (continued). Selected features of soil landscape units within the Agassiz Lacustrine Plain, Red Lake 
Area (1D) geomorphic region 

Soil Percent 
landscape geomorphic 

unit region 

LSPD <1 

Landscape 
position 

level to 
depressed lake 
plain 

Most common 
texture and thickness (feet) 

Rooting zone Substratum 

loamy sand and loam and clay 
sand (2-3) loam (3-5+) 

Moisture 
relationships 

Inches of 
available water 

to 5 feet 

4-8 

Drainage 
class 

poorly drained 

Approximate 
fertility in 

rooting zone 

pH P K 

5.2-6.2 medium low 

Black spruce and tamarack are the dominant tree species in the forested peat lands south of Lower Red Lake. 
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Representative 
soil series 

Kratka 
Grygla 



Falls (Young Gray Drift) Till Plain, (2) 

This region encompasses an area of about 130,000 
acres or about 2 percent of the Bemidji Sheet. 

The Fergus Falls Till Plain is gently rolling but includes 
some nearly level to rolling areas. Small marshes and 
depressions are common. Three small lakes, each at least 
160 acres in size and totaling approximately 890 acres, are 
located in the region. The water table is normally more 
than 10 feet deep on the well-drained soils and at the 
surface to about 6 feet deep in lower poorly drained 
positions. 

The soils developed on loamy calcareous glacial till, 
but include areas intermixed with sand and gravel and 
small areas intermixed with clayey till. Some stones occur 
on the land, but most have been removed on cultivated 
fields. The water-holding capacity is high. 

The original vegetation was tall grass prairie. Bottom
land hardwoods occurred along the Wild Rice River. Sev
enty to 75 percent is under cultivation. Principal crops are 
wheat, barley, oats, and corn; other crops are flax, al
falfa, brome, soybeans, and sunflowers. Twenty to 25 
percent is pasture and native meadow. Small marshes and 
bogs make up the rest. 

Seven soil landscape units are mapped in the region: 
LLWD, LLPD, A, XLWD, SLWD, YLWD, and LP. 
Table 6 gives selected features of the units. Additional 
information follows: 
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LL WD About 15 percent is mainly made up of poorly 
drained soils. Depressions and small potholes 
represent about 5 percent of the unit. (Udic 
Haploborolls) 

LLPD Soils of the unit commonly occur in depressions. 
About 20 percent of the unit has moderately well
drained soils. (Typic Haplaquolls) 

A The unit includes small areas of organic soils, and 
small areas of upland soils. (Unclassified) 

XL WD Sandy and gravelly soils occur in about 30 to 35 
percent of the unit. Poorly drained depressions 
occupy about 5 percent of the unit. (Udic Haplo
borolls) 

SLWD Approximately 15 percent of the unit consists of 
deep loamy soils. (Udic Haploborolls) 

YL WD Clayey soils occur in 25 to 30 percent of the unit. 
(Mollie Eutroboralfs) 

LP About 20 percent are very poorly to moderately 
well-drained mineral soils. Less than 10 percent 
are deep peat soils. (Terrie Borosaprists) 



Table 6. Selected features of soil landscape units within the Fergus Falls Till Plain (2) geomorphic region 

Soil Percent 
landscape geomorphic 

unit region 

LLPD 5 

XLWD 

YLWD 

Landscape 
position 

nearly level to 
depressional 

rolling upland 

rolling upland 

Most common 
texture and thickness (feet) 

Rooting zone Substratum 

loam, silt loam loam (4-20+) 
and clay loam 
(2-4) 

loam, sand and loam, sand and 
gravel (2-4) gravel (4-20+) 

loam to silty 
clay loam 
(2-4) 

loam to silty 
clay (4-20+) 

Moisture 
relationships 

Inches of 
available water 

to 5 feet 
Drainage 

class 

8-12 poorly to very 
poorly drained 

4-12 well and 
excessively 
drained 

8-12 well drained 
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Approximate 
fertility in 

rooting zone 

pH p K 
Representative 

soil series 

6.1-7.2+ 

6.1-7.2 

low medium Flam 
Quam 
Urness 
Vallers 

low low to Barnes 
medium Langhei 

Sioux 

6.1-7.2 medium medium Waukon 
Unnamed 



Fosston Till Plain, Loamy (2A) 

This region has approximately 289,000 acres or 5 per
cent of the Bemidji Sheet. 

The Fosston Till Plain is characterized by gently roll
ing topography with a few areas of more rolling landscape. 
Depressions, potholes, and small bogs are common. The 
water table is normally deeper than 10 feet. On peat bogs 
and poorly drained soils it is at the surface to 6 feet deep. 
Five lakes, each at least 160 acres and totaling 7,000 acres, 
are located in the region. 

Soils developed on calcareous loam till. Soils in some 
places bordering on the Mahnomen Lacustrine Plain (5) 
are silty in the upper 12 to 24 inches. 

In Norman County the original vegetation was tall 
grass prairie. The rest of the region contained an open 
hardwood forest, commonly termed prairie border. It was 
probably originally prairie, which was later invaded by 
hardwoods. The more common species were maple, elm, 
oak, basswood, and ash. An estimated 65 percent is crop
land. Principal crops are oats, wheat, barley, and com. 
Approximately 20 percent is pasture and 10 percent wood
land. The remaining 5 percent is marsh or peat bogs. 

Eleven soil landscape units are mapped in the region: 
LLWD, LLPD, LLWL, A, LP, SSWD, SSPD, LSWD, 
SLWD, NP, and SLPD. Table 7 gives selected features of 
the units. Additional characteristics follow: 

LL WD Poorly drained soils comprise about 5 percent of 
the unit. Approximately 5 percent of the unit has 
sandy surface soils and about 5 percent has clayey 
soils. (Mollie Eutroboralfs) 
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LLPD Moderately well-drained soils make up about 10 
percent of the unit. About 5 percent is sandy. 
(Typic Haplaquolls) 

LLWL About 10 percent of the unit is moderately dark
colored soils. An estimated 5 percent is sandy and 
5 percent is poorly drained. (Typic Eutroboralfs) 

A These are relatively narrow stream bottoms sub
ject to frequent overflows. (Unclassified) 

LP Poorly and moderately well-drained loamy min
eral soils comprise about 10 percent of the unit. 
(Terrie Borosaprists) 

SSWD The sand and gravel are underlain by loam till at 4 
to approximately 20 feet. About 10 percent of the 
unit has loamy soils. (Udorthentic Haploborolls) 

SSPD Approximately 15 percent is moderately well 
drained and 5 percent is loamy soils. Shallow peat 
occurs in about 5 percent of the unit. (Typic Hap
laquolls) 

LSWD About 10 percent is deep loamy soils. (Psammen
tic Haploborolls) 

SLWD Approximately 15 percent is loamy and 5 percent 
has a gravelly substratum. (Udic Haploborolls) 

SLPD About 15 percent is sandy and 10 percent is 
loamy. (Typic Calciaquolls) 

NP About 10 percent of the unit is very poorly drained 
mineral soil. (Typic Borosaprists) 



Table 7. Selected features of soil landscape units within the Fosston Till Plain (2A) geomorphic region 

Soil Percent 
landscape geomorphic 

unit region 

LLPD 17 

A 3 

SSWD 

LSWD <1 

SLPD <1 

Water 2 

Landscape 
position 

level to 
depressional 
upland 

narrow stream 
bottoms 

gently rolling 
to rolling 
upland 

gently rolling 
upland 

gently sloping 
to depressional 

Most common 
texture and thickness (feet) 

Rooting zone 

clay loam and 
silty clay 
loam (2-4) 

variable
mainly sand 
loam and loam 
(2-4) 

loamy sand 
(1-2) 

Substratum 

loam and clay 
loam (4-20+) 

variable
mainly sand 
loam and loam 
(4+) 

sand and gravel 
(2-4+) 

loamy sand to loam (4-20+) 
sandy loam 
(2-4) 

sandy loam to 
loam (2-3) 

sand and gravel 
(3+) 

Moisture 
relationships 

Inches of 
available water 

to 5 feet 
Drainage 

class 

8-12 

4-12 

<4 

4-8 

4-8 

poorly and 
very poorly 
drained 

poorly to 
moderately well 
drained 

excessively 
drained 

well drained 

poorly to very 
poorly drained 
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Approximate 
fertility in 

rooting zone 

pH P K 
Representative 

soil series 

6.1-7.2+ low medium Flam 
Roliss 
Rockwell 

6.1-7.2 variable variable Unnamed 

6.8-7.8 medium low Sioux 

6.8-7.6 high 

6.8+ low 

Maddock 

low Unnamed 
Foldahl 

medium Syrene 
Unnamed 



Blackduck Till Plain, loamy (28) 

The region encompasses an area of approximately 
467,000 acres or 8.1 percent of the Bemidji Sheet. 

The Blackduck Till Plain consists largely of undulating 
upland topography. In Beltrami County, the area between 
Pemushe and Pool Lakes ranges from gently rolling to 
rolling. Two relatively large areas of nearly level to 
slightly depressional landforms occur in the plain. One is 
located generally north of Funkley along the Beltrami 
County line and westward towards Lower Red Lake. The 
other area occurs in the northeast part of the region. 
Numerous peat bogs up to 300 acres in size occur through
out the plain. There are 15lakes, each at least 160 acres in 
size. Total water area is approximately 13,400 acres. The 
water table is normally more than 10 feet deep on higher 
elevations and at the surface to about 6 feet deep in lower 
positions. 

The soils developed on loamy calcareous glacial till 
and have a high water-holding capacity. A 2 to 4 feet thick 
sandy cap covers the till in an area bordering the Missis
sippi River and Winnibigoshish Lake. 

The original vegetation was largely white and red pine 
on the upland. Tamarack and black spruce occupied most 
peat bogs. At present 10 to 20 percent is forested mainly to 
aspen and upland hardwoods. The species have not 
changed much on the peat bogs. An estimated 60 to 70 
percent is cropland, and 15 to 25 percent pasture. The 
principal crops are alfalfa, brome, timothy, red clover, 
and oats. The pastures include some peat bogs, small 
marshes, and wooded areas. 

Nine soil landscape units are mapped in the region: 
LLWL, LLPL, NP, LSWL, LSPL, SSWL, YLWL, A, 
and P. Table 8 gives selected features of the units. Addi
tional information follows: 

LLWL Somewhat poorly drained soils occupy about 15 
percent of the unit. Another 5 percent consists of 
very poorly drained mineral and organic soils. 
The unit also includes approximately 5 percent 
clayey soils. (Typic Eutroboralfs) 
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LLPL Organic soils occur in about 15 percent of this 
unit. Inclusions ofloamy moderately well-drained 
soils account for an additional 15 percent. (Aerie 
Ochraqualfs) 

NP Approximately 55 percent of the unit is deep peat 
and 35 percent is shallow. The shallow peat oc
curs mainly in the smaller bogs and along the 
edges of the larger ones. The unit includes about 
10 percent somewhat poorly to very poorly 
drained soils. There are minor inclusions of well
drained loamy soils. (Typic Borosaprists) 

LSWL The sand cap generally is less than 48 inches thick 
over calcareous loamy till. The unit includes 
about 20 percent deep loamy well and moderately 
well-drained soils. Approximately 5 percent of 
the unit is somewhat poorly to very poorly 
drained soils. (Psammentic Eutroboralfs) 

LSPL The sand is underlain at 48 inches or less by 
calcareous loamy till. Approximately 20 percent 
of the unit has loamy or shallow organic soils. 
Approximately 15 percent of the unit has well and 
moderately well-drained soils. (Aerie Ochra
qualfs) 

SSWL Loamy till is within 48 inches of the surface in 
about 15 percent of the unit. Another 5 percent is 
deep loamy soils. Approximately 5 percent is 
poorly drained. (Typic Udipsamments) 

YLWL Approximately 65 percent of the unit has loamy 
substrata and 35 percent has clayey. An estimated 
10 percent of the unit consists of poorly drained 
soils. (Typic Eutroboralfs) 

A 

p 

This unit occurs along South Branch of the Cor
morant River. (Unclassified) 

About 5 percent of the unit consists of very poorly 
drained mineral soils. (Typic Borohemists) 



Table 8. Selected features of soil landscape units within the Blackduck Till Plain, (28) geomorphic region 

Soil Percent 

Most common 
texture and thickness (feet) 

landscape geomorphic Landscape 

LLPL 28 

LSWL 2 

SSWL 2 

A <1 

Water 3 

nearly level 
to depressional 
upland 

gently rolling 
to rolling 

loam to silty 
clay loam (2-4) 

clay loam 
(4-20+) 

loamy sand and loam 4-20+ 
sand (2-4) 

gently rolling to loamy sand and sand and gravel 
rolling upland sand (1-3) (3+) 

narrow stream variable-
bottoms mainly sandy 

loam and 
loam (2-4) 

variable
mainly sandy 
loam and 
loam (4+) 

21 

Moisture 
relationships 

Approximate 
fertility in 

rooting zone 

Inches of 

8-12 

4-12 

<4 

4-12 

somewhat poorly 6.0-6.8 
to very poorly 
drained 

low low Shooker 
Bluffton 
Unnamed 

well drained <6.0 high to low Kinghurst 

excessively 
drained 

<6.0 

very high 

high low Menahga 
Marquette 

poorly to 6.1-7.2+ variable variable Unnamed 
moderately well 
drained 



Falk Till Plain, loamy (2C) 

The region encompasses approximately 104,000 acres 
or 2 percent of the Bemidji Sheet. 

The Falk Till Plain is characterized by a gently rolling 
landform containing numerous long relatively narrow de
pressional areas. The largest peat bog has an area of about 
10,000 acres. Numerous small bogs and depressions also 
occur in the region. On higher positions the water table 
normally is more than 10 feet deep. However, on lower 
levels it occurs at the surface to 6 feet deep. The water area 
in the region totals about 400 acres. 

The soils developed on calcareous loamy glacial till. 
Small pockets of sandy and gravelly soils occur in the 
region. In places the till contains a sand cap less than 48 
inches thick. Generally, the soils have a high water-hold
ing capacity. 

The original forest was primarily white and red pine. 
Tamarack and black spruce occupied most of the peat 
bogs. An estimated 20 to 30 percent of the region is pres
ently forested, mainly by aspen. Fifty to 60 percent is 
under cultivation and 15 to 25 percent is pasture land. The 
primary crops are oats, alfalfa, brome, and timothy. 

Six soil landscape units are mapped in the region: 
LLWL, LLPL, NP, XLWL, LSWL, and SSWL. Table 9 
gives selected features of the units. Additional informa
tion follows: 

LLWL Somewhat poorly drained soils occur in about 10 
percent of the unit. Very poorly drained soils 

make up another 5 percent. About 5 percent of the 
unit has sandy soils. (Typic Eutroboralfs) 

LLPL An estimated 15 percent of the unit consists of 
moderately well-drained loamy soils. (Aerie 
Ochraqualfs) 

NP Deep peat occurs in about 55 percent of the unit. 
Another 35 percent is shallow peat. Somewhat 
poorly and very poorly drained mineral soils oc
cupy about 10 percent of the unit. Inclusions of 
minor areas of moderately well-drained soils also 
occur. (Typic Borosaprists) 

XL WL The proportion of loamy to gravelly and sandy 
soils is about 65 to 35. Somewhat poorly to very 
poorly drained soils occur in about 5 percent of 
the unit. (Typic Eutroboralfs) 

LSWL The sand cap is generally less than 48 inches thick 
over calcareous loamy till. In about 10 percent of 
the unit, however, the sands are over 48 inches 
thick. The unit includes approximately 20 percent 
deep loamy, well-drained soils. (Psammentic 
Eutroboralfs) 

SSWL In about 10 percent of the unit, the sands are less 
than 48 inches thick over till. (Typic Udipsam
ments) 

Pasturing is an important land use on unit LLPL, which is often too wet for crop lane 
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Table 9. Selected features of soil landscape units within the Falk Till Plain, loamy (2C) geomorphic region 

Soil Percent 
landscape geomorphic 

unit region 

LLPL 18 

XLWL 3 

SSWL 

Landscape 
position 

nearly level to 
depressional 
upland 

rolling, upland 

gently rolling 
to rolling 
upland 

Most common 
texture and thickness (feet) 

Rooting zone 

loam to silty 
clay loam 
(2-4) 

loam, clay 
loam, sandy 
loam, sand and 
gravel (2-4) 

loamy sand, 
sand and 
gravel (1-3) 

Substratum 

clay loam 
(4-20+) 

loam, sand and 
gravel 
(4-20+) 

sand and gravel 
(3+) 

Moisture 
relationships 

Inches of 

Approximate 
fertility in 

rooting zone 

available water 
to 5 feet 

Drainage 
class pH P K 

Representative 
soil series 

8-12 

4-12 

<4 

somewhat poorly 6.0-8.0 
to very poorly 
drained 

well to 
excessively 
drained 

excessively 
drained 

<6.0 

<6.0 

low low Shooker 
Bluffton 

medium low to Nebish 
to high medium Marquette 

high low Menahga 
Marquette 



Alexandria Moraine Complex (3) 

The region represents approximately 311,000 acres or 
about 5 percent of the Bemidji Sheet. 

The Alexandria Moraine is a prominant knob and ket
tle type landform which ranges from 30 to 60 feet higher in 
elevation than the till plain along the west border. The 
topography is rolling to hilly including a few steep areas. 
Potholes and small marshes are numerous. The region has 
12lakes, each at least 160 acres, and totaling 11,580 acres. 
The water table normally is deeper than 10 feet on the 
upland and surface to 6 feet deep in the depressions. The 
sandy and gravelly area located south of Strawberry Lake 
in Becker County probably is a tunnel valley which was 
one of the subglacial streams which drained the Bagley 
Outwash Plain. 

The glacial drift consists mainly of calcareous loam till. 
A narrow strip roughly along the middle of the region 
contains numerous pockets of clayey till. Glacial stones 
are fairly common over most of the region. The soils have 
a high water-holding capacity. 

The original vegetation along the east side was north
em hardwoods. The main species were oak, elm, and 
maple. The western side was a transition zone between 
forest to the east and prairie to the west. Present land use 
is estimated to be 45 to 55 percent cropland, 25 to 35 
percent woodland, and 15 to 25 percent pasture. Oats, 
wheat, com, alfalfa, and brome are the principal crops. 
Aspen, maple, and oak are the main woodland species at 
present. 

Nine soil landscape units are mapped in the region: 
LLWL, LLWD, YLWL, SSWL, LP, A, LLPD, XLWL, 
and LLPL. Table 10 gives selected features of the units. 
Additional information follows: 

LL WL The unit includes about 15 percent sandy and 
gravelly soils and 10 percent poorly and very 
poorly drained soils. A sand cap 2 to 4 feet thick 
over till occurs in about 5 percent of the area. 
(Typic Eutroboralfs) 

LL WD Approximately 15 percent of the soils are limy 
within 12 inches of the surface. Another 10 per
cent is poorly to very poorly drained. About 10 
percent is sandy and gravelly. Minor areas of 
clayey soils are included. The unit also includes 
about 10 percent light-colored soils. (Mollie 
Eutroboralfs) 

YL WL Clayey till occurs in about 30 percent of the unit. 
About 5 percent of the unit has sandy and gravelly 
soils and another 5 percent has very poorly 
drained mineral and peat soils. (Typic Eutro
boralfs) 

SSWL Approximately 15 percent is loamy in the upper 20 
to 30 inches with sand and gravel below. Loamy 
till occurs in about 10 percent of the unit and 
another 5 percent has peat and poorly drained 
sandy soils. (Psammentic Eutroboralfs) 

LP Approximately 15 percent of the peat is marshy. 
Shallow peat makes up about 55 percent of the 
unit. Somewhat poorly to very poorly drained 
mineral soils occur in about 10 percent of the unit. 
(Terrie Borosaprists) 

A This unit is cut up by the winding Wild Rice River. 
It includes about 10 percent loamy well-drained 
upland soils. (Unclassified) 

LLPD The unit includes some moderately well-drained 
soils. (Typic Haplaquolls) 

XL WL About 30 percent of the unit is underlain by loamy 
till and about 70 percent by sandy till. 

LLPL About 10 percent of the unit consists of well
drained soils. 

Table 10. Selected features of soil landscape units within the Alexandria Moraine Complex (3) geomorphic 
region 

Soil Percent 
landscape geomorphic 

unit region 

LLWD 26 

Landscape 
position 

rolling to hilly 
upland 

Most common 
texture and thickness (feet) 

Rooting zone Substratum 

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

Moisture 
relationships 

Inches of 
available water 

to 5 feet 
Drainage 

class 

8-12 well drained 

24 

Approximate 
fertility in 

rooting zone 

p K 
Representative 

soil series 

6.1-7.2 medium medium Waukon 
Gonvick 



Table 10 (continued). Selected features of soil landscape units within the Alexandria Moraine Complex (3) 
geomorphic region 

Soil Percent 
landscape geomorphic 

unit region 

SSWL 2 

A 

XLWL 

Water 7 

Landscape 
position 

rolling to hilly 
outwash 

narrow stream 
bottoms 

rolling to 
hilly upland 

Most common 
texture and thickness (feet) 

Rooting zone 

loamy sand to 
gravelly sandy 
loam (1-2) 

variable
mainly sandy 
loam and loam 
(2-4) 

loam, clay, 
loam, sandy 
loam, sand 
and gravel (2-4) 

Substratum 

sand and gravel 
(2-20+) 

variable
mainly sandy 
loam and loam 
(4+) 

loam, sand 
and gravel 
(4-20+) 

Moisture 
relationships 

Inches of 
available water 

to 5 feet 
Drainage 

class 

<4 

4-12 

4-12 

excessively 
drained 

poorly to 
moderately 
well drained 

well to 
excessively 
drained 

Approximate 
fertility in 

rooting zone 

pH P K 
Representative 

soil series 

<6.0 high low Marquette 
Menahga 

6.1-7.2+ variable variable Unnamed 

<6.0 medium low to Nebish 
to high medium Marquette 



Erskine Moraine, loamy (3A) 

This region contains approximately 153,000 acres or 3 
percent of the Bemidji Sheet. 

The Erskine is dominantly a rolling moraine, but in
cludes local areas of hilly topography. Potholes and small 
marshy bogs are quite common. The elevation generally is 
less than 100 feet higher than the till plain located along the 
south side. Ten lakes, each at least 160 acres in size and 
totaling about 8,700 acres, are located in the moraine. The 
water table normally is over 10 feet deep on higher posi
tions and at the surface to 6 feet on lower levels. 

In some areas the till is intermixed with water-sorted 
sand and gravel. Two relatively large areas of sandy to 
gravelly soils are delineated. One occurs along the border 
between Beltrami and Clearwater counties. The other is in 
the vicinity of the village of Trail near the Polk and Red 
Lake county line. The loamy soils have a high water
holding capacity. In the sandy soils, it is low to very low. 

Most of the region was originally forested mainly by 
white and red pine. Part of the region was a transition area 
between the prairie and forest. This area consisted mainly 
of oak openings. At present 25 to 35 percent is forested. 
Aspen is the main species. Cropland accounts for 40 to 50 
percent of the land and pastureland the remaining 20 to 30 
percent. Main crops are oats, barley, alfalfa, and brome. 

Fourteen soil landscape units are mapped in the re
gion: LLWL, LLWD, SSWD, XLWL, CCWL, SSWL, 
NP, LLPD, A, SLWL, SLPD, LSWL, LSWD, and 
XLWD. Table 11 gives selected features of the units. 
Additional information follows: 

LL WL Approximately 5 percent of each of the following 
inclusions occur in this unit: moderately dark
colored soils; coarse textured soils; and some
what poorly to very poorly drained soils. (Typic 
Eutroboralfs) 

LL WD This unit includes minor percentages of poorly to 
very poorly drained mineral and shallow peat 
soils. Inclusions of coarse-textured soils also oc
cur. (Mollie Eutroboralfs) 

SSWD About 5 to 10 percent of the unit has loamy soils. 
(Udorthentic Haploborolls) • 
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XL WL Loamy substrata materials make up about 65 per
cent of the unit and sandy, 30 percent. About 5 
percent is somewhat poorly to very poorly 
drained mineral and shallow peat soils. (Typic 
Eutroboralfs) 

CCWL About 5 percent of this unit consists of poorly 
drained soils. (Aquic Eutroboralfs) 

SSWL About 25 percent of the unit consists of loamy 
materials 18 to 24 inches thick over sand and 
gravel. Deep loamy soils occur in 10 percent and 
shallow organic soils in 5 percent of the unit. 
(Psammentic Eutroboralfs) 

NP Approximately 55 percent ofthe unit is deep peat 
and 35 percent shallow. The remaining 10 percent 
includes loamy mineral soils. (Typic Borosa
prists) 

LLPD Moderately well-drained soils occur in about 15 
percent of the unit. Ten percent is shallow peat. 
(Typic Haplaquolls) 

A This unit includes some shallow peat and border
ing upland loamy soils. (Unclassified) 

SL WL About 15 percent of the unit has deep sandy soils 
and 10 percent is deep loamy. (Typic Eutrobo
ralfs) 

SLPD This unit includes 20 percent deep sandy soils and 
about 10 percent which is deep loamy. Another 5 
percent is shallow peat. (Typic Haplaquolls) 

LSWL Deep loamy soils comprise approximately 15 per
cent of the unit and deep sandy, another 10 per
cent. (Psammentic Eutroboralfs) 

LSWD About 10 percent of this unit consists of deep 
loamy soils. (Psammentic Haploborolls) 

XLWD Approximately 65 percent of the unit has loamy 
substrata materials and 35 percent has sandy. 
(Mollie Eutroboralfs) 



Table 11. Selected features of soil landscape units within the Erskine Moraine, loamy (3A) geomorphic region 

Soil Percent 
landscape geomorphic Landscape 

LLWD 18 

XLWL 5 

rolling upland 

rolling to 
hilly upland 

Most common 
texture and thickness (feet) 

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

loam, clay 
loam, sandy 
loam, sand 

loam, sand and 
gravel (4-20+) 

and gravel (2-4) 
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Moisture 
relationships 

Inches of 

8-12 

4-12 

well drained 

well to 
excessively 
drained 

Approximate 
fertility in 

rooting zone 

6.1-7.2 medium medium Waukon 

<6.0 medium low to Nebish 
to high medium Marquette 



Table 11 (continued). Selected features of soil landscape units within the Erskine Moraine, loamy (3A) geo
morphic region 

Soil Percent 

SSWL 4 

LLPD 2 

SLWL 

SLPD <1 

XLWD 

rolling outwash 

gently sloping 
to depressional 
upland 

rolling upland 

gently sloping 
to depressional 

rolling upland 

Most common 
texture and thickness (feet) 

loamy sand, 
sandy loamy 
and gravelly 
loam sand (1-2) 

loam to silty 
clay loam 
(2-4) 

sandy loam to 
loam (1-3) 

sandy loam to 
loam (2-3) 

loam, clay 
loam, sandy 
loam, sand and 
gravel (2-4) 

sand and gravel 
(2-20+) 

loam to clay 
loam 
(4-20+) 

sand and gravel 
(3-20+) 

sand and gravel 
(3+) 

loam, sand and 
gravel (4-20+) 

*Series in parentheses have been used in older soil reports. 
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Moisture 
relationships 

Inches of 

<4 

8-12 

4-8 

4-8 

4-12 

excessively 
drained 

poorly to 
very poorly 
drained 

somewhat 
excessively 
drained 

poorly to 
very poorly 
drained 

well to 
excessively 
drained 

<6.0 

Approximate 
fertility in 

rooting zone 

high low Marquette 
Lengby 

6.1-7.2 medium medium Flam 
Quam 

<6.0 high low Marquette 

6.8+ low medium Unnamed 

6.0-7.2 medium medium Waukon 
to low Sioux 



Northome Moraine, loamy (38) 

The region encompasses an area of about 42,000 acres 
or 1 percent of the Bemidji Sheet. 

The landform in the Northome Moraine is primarily 
rolling and in places hilly. It generally is not a prominent 
moraine considering that the elevation is only 40 to 80 feet 
higher than the till plain along the north border. Four lakes 
are located in the region, each 160 acres or more in size, 
and totaling about 4,100 acres. The water table normally is 
over 10 feet deep on the well-drained areas and at the 
surface to 6 feet deep on lower positions. 

Most of the region consists of loamy glacial till. An 
exception is an area of clayey till west of Island Lake in 
Itasca County. Small pockets of clayey till, too small to 
delineate, occur in most of the region (northwestern Itasca 
County). The water-holding capacity of most soils in the 
region is high. 

The original forest vegetation was mainly white spruce 
and balsam fir. Most of the region remains in forest. As
pen, spruce, and fir are the principal species. Less than 15 
percent is cropland and pasture. 

Six soil landscape units are mapped in this region: 
LLWL, LLPL, CCWL, NP, LP, and SSWL. Table 12 
gives selected features of the units. Additional informa
tion follows: 
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LLWL Clayey soils occur in approximately 15 percent of 
this unit. Another 5 percent is shallow peat bogs. 
Sandy soils occur in about 5 percent of the unit. 
(Typic Eutroboralfs) 

LLPL Approximately 10 percent of the unit has well
drained soils. Small amounts of deep peat occur. 
(Aerie Ochraqualfs) 

CCWL This unit includes about 10 percent of well
drained loamy and 5 percent poorly drained 
clayey soils. (Aquic Eutroboralfs) 

NP Approximately 60 percent of the unit is deep peat 
and 30 percent shallow. Acid peat occurs in about 
10 percent of the unit. Loamy soils occur in 10 
percent of the area. (Typic Borohemists) 

LP This unit includes about 5 percent mineral soils. 
(Terrie Borosaprists) 

SSWL This unit includes about 10 percent poorly drained 
soils. (Aquic Udipsamments) 

Aspen stand with understory of balsam 
fir is a common scene in the Northome 
Moraine Area. 



Table 12. Selected features of soil landscape units within the Northome Moraine, loamy (38) geomorphic region 

Soil Percent 
landscape geomorphic Landscape 

LLPL 10 

NP 4 

SSWL 

gently sloping 
to depressional 

level to 
depressional 

rolling 
outwash 

Most common 
texture and thickness (feet) 

loam to silty 
clay loam (2-4) 

peat (1-3) 

loamy sand, 
sandy loam, 
and gravelly 
loamy sand 
(1-2) 

loam (4-20+) 

peat 
(3+) 

sand and 
gravel 
(2-5+) 

30 

Moisture 
relationships 

Inches of 

Approximate 
fertility in 

rooting zone 

8-12 somewhat poorly 6.0-6.8 
to very poorly 

low 

drained 

>12 very poorly 
drained 

<4 excessively 
drained 

5.5-7.8 low 

<6.0 high 

low Shooker 
Bluffton 

low Mooselake 
Cathro 

low Marquette 
Lengby 



C~earbrook Moraine. loamy (3C) 

This moraine encompasses an area of approximately 
145,500 acres or about 3 percent of the Bemidji Sheet. 

The Clearbrook Moraine consists of a rolling hilly 
knob and kettle land form. It is a prominent moraine which 
in places is 200 feet higher in elevation than the till plain on 
the north side. Twenty six lakes, each at least 160 acres in 
size, are located in the region. The total water area is 
approximately 16,000 acres. The water table normally is 
more than 10 feet deep on well-drained areas and at the 
surface to 6 feet deep in lower positions. 

In places the loamy till is intermixed with coarser 
sediments. One area in the southern part of the region is 
intermixed with clayey material. This area is an extension 
of the loam-clay intermixed area mapped in the Alexan
dria Moraine Complex (3). The soils have a high water
holding capacity. 

Northern hardwoods originally covered most of this 
region. The southern part of the region was a transition 
zone between prairie and forest. It consisted mainly of oak 
openings. Present land use is approximately 45 percent 
cropland, 35 percent forest, and 20 percent pasture. Prin
cipal crops are oats, alfalfa, and brome. Aspen, which 
locally is mixed with northern hardwoods, is the principal 
species. 

Five soil landscape units are mapped: LLWL, LSWL, 
NP, XLWL, and SSWL. Table 13 gives selected features. 
Additional information follows: 

LL WL Approximately 15 percent of the unit includes 
sandy soils. Another 5 percent is clayey and 5 
percent is poorly drained mineral and shallow 
peat soils. Approximately 10 percent is moder
ately dark-colored soils. (Typic Eutroboralfs) 

LSWL Deep loamy well-drained soils occupy about 10 
percent of this unit. Deep sandy soils comprise 
another 10 percent. Shallow peat occurs in 5 per
cent of the area. (Psammentic Eutroboralfs) 

NP Approximately 55 percent are deep and 35 per
cent shallow peat soils. The unit also includes 10 
percent somewhat poorly and very poorly drained 
mineral soils. (Typic Borosaprists) 

XL WL Approximately 60 percent of the unit has loamy 
substrata and 35 percent, sandy. Shallow peat 
occurs in about 5 percent of the unit. (Typic 
Eutroboralfs) 

SSWL In this unit about 15 percent of the soil is loamy to 
depths of 18 to 24 inches. Shallow sand over 
loamy till occupies about 10 percent of the area. 
(Psammentic Eutroboralfs) 
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Profile of tmit LLWL, the dominant soil of the Clearbrook Moraine. 
The influence of forest vegetation on soil Formation is seen in the very 
light-colored mate>ials immediately below the dark surface layer. 



Soil Percent 
landscape geomorphic 

unit region 

XlWL 

\/Vater 6 

landscape 
position 

rolling to 
hilly upland 

Most common 
tmcture and thickness (feet) 

fJloisture 
1elationsllips 

Inches ol 
available water Drainage 

Rooting zone Substratum to 5 1'eet class 

loam, clay loam 
sandy ioam, 
sand and 

32 

4-12 well to 

drained 

pH 

Approximate 
fertility in 

rooting zone 

p 
Representative 

K soil sel"ies 

<i'l.O rmldiun; low to Nebish 
to 



\ ~ l 
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Detroit Lakes Pitted Outwash p ain (4) 

The region has an area of approximately 1,000 acres or 
less than 1 percent of the Bemidji Sheet. 

The plain is mainly gently rolling. Only the northern tip 
of this region occurs in the Bemidji Sheet. The bulk of it is 
in the Brainerd Sheet. The water table normally is over 10 
feet deep. Total lake area is about 260 acres. 

The outwash sediments consist of water sorted sand 
and gravel. The water-holding capacity is low to very low. 

I 

The region was originally covered by pine forest. Ap
proximately 85 percent remains in forest, mainly aspen. 
About 15 percent is cropland and pasture. Oats, com, and 
alfalfa are the main crops. 

Only one soil landscape unit is mapped. Table 14 gives 
selected features. Additional information follows: 

SSWL About 15 percent of the unit has dark-colored 
soils. (Psammentic Eutroboralfs) 

Table 14. Selected features of soil landscape units within the Detroit Lakes Pitted Outwash Plain (4) geomorphic 
region 

Soil Percent 
landscape geomorphic 

unit region 

SSWL 69 

Water 31 

landscape 
position 

gently rolling 
outwash 

Most common 
texture and thickness (feet) 

Rooting zone 

loamy sand, 
sandy loam and 
loamy sand 
(1-2) 

Substratum 

sand and gravel 
(2-20+) 

Moisture 
relationships 

Inches of 
available water 

to 5 feet 
Drainage 

class 

<4 excessively 
drained 

33 

Approximate 
fertility in 

rooting zone 

pH P K 

<6.0 high low 

Representative 
soil series 

Marquette 
Lengby 



Mahnomen Lacustrine Plain (5) 

This region covers an area of about 229,000 acres or 4 
percent of the Bemidji Sheet. 

The land form in the Mahnomen Lacustrine Plain is 
undulating to shallow depressional. Water-laid silts gener
ally 2 to 4 feet thick cover the loamy till in most of the 
region. Two lakes totaling about 2,500 acres are located in 
the region. On higher positions the water table normally is 
6 to 10 feet deep. On lower levels it is at the surface to 6 
feet deep. 

Most of the soils are limy at the surface. Soils on higher 
positions generally are moderately well drained. Those on 
lower nearly level land ai"e somewhat poorly to poorly 
drained, and in depressions they are very poorly drained. 
The soils have a high water-holding capacity. 

Prairie grasses originally covered the region. An ex
ception was the bottomlands along the rivers. These were 
covered by northern hardwoods. Most of the bottomlands 
remain forested by hardwoods. About 75 percent of the 
region is under cultivation. Principal crops are wheat, 
oats, barley, alfalfa, and brome. Twenty percent is 

pastureland and the rest is low wet areas used mainly for 
wildlife. 

Four landscape units are mapped: LLWD, LLPD, A, 
and LP. Table 15 gives selected features. Additional infor
mation follows: 

LL WD Soils in approximately 20 percent of the unit are 
poorly drained. Very poorly drained mineral and 
shallow peat soils occur in 5 percent of the area. 
(Aerie Calciaquolls) 

LLPD This unit includes about 15 percent moderately 
well-drained and about 5 percent shallow peat 
soils. (Typic Calciaquolls) 

A Approximately 10 percent of the unit includes 
adjoining well-drained soils. (Unclassified) 

LP Included are minor areas of poorly and very 
poorly drained mineral soils. (Terrie Borosa
prists) 

Table 15. Selected features of soil landscape units within the Mahnomen Lacustrine Plain (5) geomorphic region 

Soil Percent 
landscape geomorphic Landscape 

position unit region 

LLPD 

LP 

32 gently sloping 
depressional 
lake plain 

<1 level to 
depressional 
lake plain 

Most common 
texture and thickness (feetl 

Rooting zone 

silt loam and 
loam (2-4) 

peat (1-3) 

Substratum 

loam (4-20 +) 

peat and loam 
(3+) 

Moisture 
relationships 

Inches of 
available water 

to 5 feet 
Drainage 

class 

8-12 

8+ 

34 

poorly to very 
poorly drained 

very poorly 
drained 

Approximate 
fertility in 

rooting zone 

pH P K 
Representative 

soil series 

7.2+ low medium Winger 

5.5-7.8 low low Cathro 
Haug 



Park Rapids ~ Staples Outwash P ain (8) 

The region encompasses an area of about 95,000 acres 
or about 2 percent of the Bemidji Sheet. 

This outwash plain is nearly level to rolling with inclu
sions of a few strongly rolling to hilly areas. Depressions 
and small peat bogs are fairly common. Sixteen lakes, at 
least 160 acres in size, are located in the region. Total 
water area is approximately 10,500 acres. The water table 
normally is 10 feet or more deep. In lower positions it is 
surface to 6 feet deep. 

The surface 12 to 18 inches ranges from gravelly loamy 
sand to sandy loam. This is underlain by stratified sand 
and graveL Some areas are predominantly sand. The wa
ter-holding capacity is low to very low. 

The original vegetation in most of the region was jack 
pine forest. The area in Becker County in the vicinity of 
Big Rush Lake was a transition area between prairie and 
forest and consisted of oak openings. The soils are moder
ately dark colored in this area. Approximately 50 percent 
of the region is forested, mainly by aspen, jack pine, and 
oak. About 30 percent is cropland and 20 percent pasture
land. The principal crops are oats, corn, alfalfa, and 
brome. 

Eight soil landscape units are mapped: SSWL, SL WL, 
SLWD, SP, P, LSWL, LLWL, and NP. Table 16 gives 
selected features. Additional information follows: 

SSWL Soils in about 20 percent of the unit are loamy to 
depths of 18 to 24 inches. Twenty percent is deep 
sand and about 5 percent is deep loamy. Five 
percent or less is shallow peat. (Psammentic 
Eutroboralfs) 

SLWL Approximately 15 percent of the unit has deep 
sandy soils. Ten percent ofthe soils are underlain 
by sand instead of the more common sand and 
gravel. Loamy till and shallow sand over till com
prises another 5 percent. Shallow peat occurs in 5 
percent of the area. (Typic Eutroboralfs) 

SLWD This unit includes approximately 10 percent 
sandy surfaces. About 5 percent has poorly 
drained soils and shallow peat. (Mollie Eutrobo
ralfs) 

SP Approximately 10 percent of the unit consists of 
deep peat. Poorly and very poorly drained min
eral soils occupy another 10 percent. (Terrie Bo
rosaprists) 

P About 30 percent of this unit is underlain by sand 
at about 3 feet. (Typic Borohemists) 

LSWL The sand is deeper than 4 feet in about 10 percent 
of this unit and 10 percent are loamy soils. Poorly 
drained mineral soils and shallow peat occur in 
about 5 percent of the area. (Psammentic Eutro
boralfs) 

LL WL A thin sandy surface occurs in some of this unit. 
(Typic Eutroboralfs) 

NP About 30 percent of this unit is underlain by loamy 
till at about 3 feet. (Typic Borohemists) 

Tabie 16. Selected features of soil landscape units within the Park !Rapids - Staples Outwash Plain (81 geomor
phic region 

Soil Percent 
landscape geomorphic 

unit 

SLWL 19 

Landscape 

undulating 
to rolling 
outwash 

Most common 
texture and thickness (feet) 

sandy loam to 
loam (1-3) 

Substratum 

sand and 
gravel (3-20+) 

Moisture 
relationshi~s 

Inches of 
available water Drainage 

to 5 feet 

4-8 

35 

class 

somewhat 
excessively 
drained 

<6.0 

Approximate 
fertility in 

rooting zone 

Representative 
p K soil series 

high low Unnamed 



Table 16 (continued). Selected features of soil landscape units within the Park Rapids - Staples Outwash Plain 
(8) geomorphic region 

Soil Percent 
landscape geomorphic Landscape 

unit 

p 2 

LLWL 

Water 11 

level to 
depressional 

gently rolling 
to rolling 
upland 

Most common 
texture and thickness (feet) 

peat (1-3) 

loam to clay 
loam (4) 

peat and 
sand (3+) 

loam (4-20+) 

Moisture 
relationships 

Inches of 

>12 very poorly 
drained 

8-12 well drained 

Approximate 
fertility in 

rooting zone 

5.5-7.8 low low Mooselake 

<6.0 medium medium Nebish 



This region encompasses an area of about 764,000 
acres or about 13 percent of the Bemidji Sheet. 

The Itasca moraine is a prominent moraine deposited 
by the Wadena lobe. It consists of a rolling to steeply 
irregular land form, characterized by numerous depres
sions and small peat bogs. The moraine is roughly 300 to 
600 feet higher in elevation than the outwash plain border
ing on the north and northwest. The elevation is 2,040 feet 
above sea level at the fire tower east of Bass Lake in 
southwestern Clearwater County and 1 ,935 feet at the fire 
tower southwest of Itasca State Park. Numerous troughs 
dissect the moraine which may have been eroded as tunnel 
valleys by swift southward flowing subglacial streams. 
Some of these are filled with sand and gravel, others occur 
as rows of small lakes. The water table is more than 20 feet 
deep. Twenty eight lakes and part of another, each at least 
160 acres in size, are located in the region. The total water 
area is about 114,000 acres. 

Original vegetation was principally red and white pine, 
but included areas of jack pine and northern hardwoods. 
Present land use is estimated to consist of 65 to 7 5 percent 
forest, mostly aspen, 15 to 25 percent pastureland, and 5 to 
15 percent cropland. The main crops are oats, brome, and 
alfalfa. 

Nine soil landscape units are mapped in the region: 
LLWL, XLWL, SSWL, NP, LSWL, SLWL, LLPL, SP, 
and P. Table 17 gives selected properties of each. Addi
tional information follows: 

LL WL Sandy and gravelly soils make up 10 to 20 percent 
ofthe unit. Another 5 to 10 percent occur as small 
peat bogs and poorly drained depressions. (Typic 
Eutroboralfs) 

XL WL Deep loamy soils occur in 45 to 55 percent of the 
unit. Intermixed with these soils are soils with 
sandy substrata which represent 35 to 45 percent 
of the unit. Wet and marshy areas total another 5 
to 15 percent. (Typic Eutroboralfs) 

SSWL Deep loamy soils represent 5 to 10 percent of the 
unit. Another 10 to 20 percent is loamy over sand 
and gravel. (Psammentic Eutroboralfs) 

NP The depth of peat ranges from 4 to 5 feet in 60 to 70 
percent of the unit. Poorly drained mineral soils 
and shallow peat occur in 30 to 40 percent of the 
unit. (Typic Borosaprists) 

LSWL Inclusions of 10 to 20 percent deep loamy soils, 
and 5 to 15 percent poorly drained and shallow 
peat soils occur in the unit. (Psammentic Eutro
boralfs) 

SLWL An estimated 5 to 10 percent of the unit has deep 
loamy soils and 10 to 20 percent has sandy and 
gravelly surfaces. (Typic Eutroboralfs) 

LLPL About 15 percent of the unit has well-drained 
soils; 10 percent is in shallow peat and another 10 
percent is deep sandy and gravelly. (Aerie Ochra
qualfs) 

SP About 30 percent of the unit is underlain by loamy 
till. (Terrie Borohemists) 

P Poorly drained mineral soils occur in about 30 
percent of the unit. (Typic Borohemists) 

Table 17. Selected features of soil landscape units within the Itasca Moraine Complex, rolling (11) geomorphic 
region 

Soil Percent 
landscape geomorphic 

unit region 

XLWL 31 

Landscape 
position 

rolling to 
steep upland 

Most common 
texture and thickness (feet) 

Rooting zone 

sandy loam, 
clay loam, 
sand and 
gravel (2-4) 

Substratum 

sandy loam, 
loam, sand and 
gravel (4-20+) 

Moisture 
relationships 

Inches of 
available water 

to 5 feet 
Drainage 

class 

37 

4-12 well to 
excessively 
drained 

Approximate 
fertility in 

rooting zone 

pH P K 
Representative 

soil series 

<6.0 medium low to Nebish 
to high medium Rockwood 

Marquette 



Table 17 (continued). Selected features of soil landscape units within the Itasca Moraine Complex, rolling (11) 
geomorphic region 

Soil Percent 
landscape geomorphic 

unit region 

NP 3 

SLWL 

SP <1 

Water 16 

Landscape 
position 

level to 
depressional 

rolling to 
hilly outwash 

level to 
depressional 

Most common 
texture and thickness (feet) 

Moisture 
relationships 

Inches of 

Rooting zone Substratum 
available water 

to 5 feet 
Drainage 

class 

peat (1-3) 

sandy loam to 
loam (1-3) 

peat (1-3) 

peat and loam 
(3+) 

sand and gravel 
(3+) 

peat, sand 
and loam 
(3+) 

>12 very poorly 
drained 

4-8 

8+ 

somewhat 
excessively 
drained 

very poorly 
drained 

*Series in parentheses have been used in older soil reports. 
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Approximate 
fertility in 

rooting zone 

pH P K 
Representative 

soil series 

5.5-7.8 low 

<6.0 high 

5.5-7.8 low 

low Seelyeville 

low 

Mooselake 
Cathro 

(Todd)* 
Lengby 

low Deerwood 
Markey 



\ ~ ( 
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Marcell Moraine Complex (22A ) 

The region encompasses an area of approximately 
4,800 acres or less than one percent of the Bemidji Sheet. 

The Marcell moraine in the Bemidji Sheet is a rolling, 
complex type of landform. Small peat bogs and marshy 
areas are fairly common. One lake and part of another is 
located in the region. The water area is about 2,150 acres. 
Normally the water table is over 10 feet deep on higher 
levels and surface to 6 feet deep in lower positions. 

The soils are loams and clay loams, although a sand 
cap up to 4 feet thick covers some areas. Generally the 
water-holding capacity is high. 

This region was originally covered by upland spruce 
and fir. Approximately 85 percent remains forested. As-

T 

pen with some spruce and fir are the main species. The 
remaining 15 percent is cropland and pasture. Alfalfa, 
brome, timothy, and oats are the principal crops. 

Two soil landscape units are mapped in the region: 
LLWL and LSWL. Table 18 gives selected features. Ad
ditional information follows: 

LL WL Approximately 10 percent of the unit has soils 
with sandy surfaces. Another 10 percent is some
what poorly to very poorly drained mineral and 
shallow peat soiL (Glossic Eutroboralfs) 

LSWL Five to 15 percent is deep loamy soiL (Psammen
tic Eutroboralfs) 

Table 18. Selected features of soil landscape units within the Marcell Moraine Complex (22AI geomorphic region 

Soil Percent 
landscape geomorphic landscape 

unit 

LSWL 3 rolling upland 

Most common 
texture and thickness (feet) 

Moisture 
relationships 

Inches of 
available water 

Substratum to 5 feet 
Drainage 

class 

loamy sand to 
sand (2-4) 

loam to clay 
loam (4-20+) 
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4-8 well drained 

Approximate 
fertility in 

rooting zone 

<6.0 high to low 
very high 

Unnamed 



Moraine Complex, rolling to hilly (228) 

This region has an area of approximately 29,000 acres 
or about 1 percent of the Bemidji Sheet. 

The Sugar Hills moraine has a rolling to hilly topogra
phy. The landform is complex with many depressions and 
small peat bogs. Seven small lakes, each 160 acres or more 
in size, totaling about 3,300 acres are located in the region. 
The water table normally is over 10 feet deep on higher 
elevations and surface to 6 feet deep on lower positions. 

The till is loamy to silty, but includes areas intermixed 
with coarser material. A sandy and gravelly area of soils is 
located in the southwestern part of the region. Most of the 
soils have a moderate to high water-holding capacity. 

The original forest was primarily white and red pine 
with some areas of northern hardwoods. Eighty to 90 
percent remains forested. Aspen with some hardwoods 
are the principal species. Ten to 20 percent is cropland and 
pasture. Alfalfa, brome, timothy, and oats are the main 
crops. 

Six soil landscape units are mapped in this region: 
LLWL, NP, P, SSWL, LLPL, andXLWL. Table 19gives 
selected features of the units. Additional information 
follows: 
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LL WL Soils in about 10 percent of this unit are silty 
rather than loamy. Fifteen percent is deep sandy 
soils. (Typic Eutroboralfs) 

NP Approximately 60 percent of the unit is deep peat 
and 30 percent shallow peat. Somewhat poorly 
and very poorly drained loamy soils occupy the 
remaining 10 percent. (Typic Borohemists) 

P Included are small islands of poorly drained min
eral soils. (Typic Borohemists) 

SSWL In this unit about 30 percent is gravelly soil. About 
I 0 percent has a loamy substratum with a sand 
cap up to 4 feet thick and 5 percent is deep loamy. 
Shallow peat occupies about 5 percent of the 
area. (Typic U dipsamments) 

LLPL Approximately 20 percent of this unit has moder
ately well-drained soils and 15 percent has shal
low peat soils. (Aerie Ochraqualfs) 

XL WL Fifty-five percent of the unit has loamy substrata 
and 35 percent, sandy. Shallow peat occupies 10 
percent of the area. (Typic Eutroboralfs) 



Hardwood forest has been cleared for pasture in this rolling landscape, typical of the Sugar Hills Moraine Complex. 

Table 19. Selected features of soil landscape units within the Sugar Hills Moraine Complex, rolling to hilly (228) 
geomorphic region 

Soil Percent 
landscape geomorphic 

unit region 

NP 6 

SSWL 7 

XLWL 3 

Most common 
texture and thickness (feet) 

Landscape 
position Rooting zone 

level to peat (1-3) 
depressional 

rolling outwash sand, loamy 
sand and 
gravelly sandy 
loam (1-2) 

rolling to 
hilly upland 

loam, clay 
loam, sandy 
loam, sand and 
gravel (2-4) 

Substratum 

peat and loam 
(3+) 

sand and gravel 
(2-20+) 

loam to sand 
and gravel 
(4-20+) 

Moisture 
relationships 

Inches of 
available water 

to 5 feet 
Drainage 

class 

<12 

<4 

4-12 

very poorly 
drained 

excessively 
drained 

well to 
excessively 
drained 

41 

Approximate 
fertility in 

rooting zone 

pH P K 
Representative 

soil series 

5.5-7.8 

<6.0 

<6.0 

low low 

high low 

Mooselake 
Cathro 

Menahga 
Marquette 

medium medium Nebish 
Marquette 



Swatara Plain, silty (24) 

The region encompasses an area of approximately 
65,500 acres or about 1 percent of the Bemidji Sheet. 

The Swatara Plain consists of gently rolling land with a 
few small more rolling areas. One relatively large peat bog 
and several small ones occupy the plain. Part of Leech 
Lake is included with this region. Total water area is 
approximately 12,500 acres. Normally the water table is 
over 10 feet deep in the well-drained soils and surface to 6 
feet deep in lower positions. 

The till is loamy to silty. Variations include clayey soils 
along the north boundary and loamy soils intermixed with 
coarse-textured soils along the east boundary. The soils 
have a high water-holding capacity. 

White and red pine originally covered the better
drained areas. Swamp conifers, mainly tamarack and 
black spruce, occupied the peat bogs. Native vegetation 
on the peat bogs has not changed much. About 80 percent 
of the region is covered by forest. Aspen is the principal 
species. Twenty percent is under cultivation and in pas
ture. Oats, alfalfa, brome, and timothy are the main crops. 

Five soil landscape units are mapped in this region: 
LLWL, NP, LLPL, CCWL, and SSPL. Table 20 gives 
selected features of the units. Additional information 
follows: 
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LL WL Depth to free carbonates in places is 4 to 5 feet. 
The till is mostly a brownish color. Soil textures in 
the unit generally are loams to clay loams. Clayey 
soils occur in about 5 percent of the unit. In 
another 10 percent the soils are somewhat poorly 
to very poorly drained with some areas of shallow 
peat. (Typic Eutroboralfs) 

NP Approximately 70 percent of the unit is deep and 
20 percent shallow peat. Very poorly to moder
ately well-drained loamy soils occur in 10 percent 
of the area. (Typic Borohemists) 

LLPL Inclusions in this unit are approximately 15 per
cent well-drained loamy soils and 10 percent shal
low peat. (Aerie Ochraqualfs) 

CCWL About 10 percent has somewhat poorly drained 
soils and about 5 percent has shallow peat. 
Another 10 percent has deep loamy soils. (Aquic 
Eutroboralfs) 

SSPL Some well-drained soils and some soils in shallow 
peat are included. (Aquic Udipsamments) 



Table 20. Selected features of soil landscape units within the Swatara Plain, silty (24) geomorphic region 

Soil Percent 
landscape geomorphic 

unit region 

NP 29 

CCWL 3 

Water 19 

Landscape 
position 

level to 
depressional 

gently rolling 
upland 

Most common 
texture and thickness (feet) 

Rooting zone 

peat (1-3) 

silty clay and 
clay (3) 

Substratum 

peat and loam 
(3+) 

silty clay and 
clay (3+) 

Moisture 
relationships 

Inches of 
available water 

to 5 feet 
Drainage 

class 

Approximate 
fertility in 

rooting zone 

pH P K 

>12 very poorly 5.5-7.8 low low 
drained 

8-12 well to <6.0 medium low 
moderately well 
drained 
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Representative 
soil series 

Mooselake 
Cathro 

Taylor 



Aitkin Lacustrine Plain, sandy (25) 

This region has an area of approximately 191,500 acres 
or about 3 percent of the Bemidji Sheet. 

The region is a level to gently undulating lake plain. A 
large peat bog is located along Leech Lake River. Nor
mally the water table is 6 to 10 feet below the surface on 
higher elevations and surface to 6 feet deep on lower 
positions and peat bogs. Part of Leech Lake and four 
smaller lakes, at least 160 acres in size, are located in the 
region. The total water area is about 12,500 acres. 

The lake sediments are mainly fine sands to depths of 
over 4 feet. Sand less than 4 feet thick over silts occurs in 
some areas. There are also minor areas of clayey soils and 
sands over clay. The division between the Aitkin Lacus
trine Plain and the Bemidji Sand Plain is indistinct. For 
this report the division between fine ami medium sand is 
considered the boundary line. Most of the soils have a low 
to very low water-holding capacity. 

Originally the sandy soils were covered by jack pine 
and the peat bogs by black spruce and tamarack. White 
and red pine occupied the finer-textured soils. Approxi
mately 90 percent is forested. Aspen and jack pine now 
cover the sandy soils and tamarack and black spruce 
cover the peat bogs. Most of the remaining 10 percent is 
pastureland. 

Seven soil landscape units are mapped: SSWL, NP, P, 
LLPL, SSPL, LSPL, and LSWL. Table 21 gives selected 
features. Additional information follows: 
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SSWL This unit includes about 10 percent poorly drained 
soils and about 5 percent shallow peat. Another 5 
percent consists of shallow fine sand over silt. 
(Entic Haplorthod) 

NP Approximately 55 percent of the unit has deep 
peat and 35 percent, shallow. Silty soils occupy 10 
percent and sandy soils 5 percent of the unit. 
(Typic Borohemists) 

LLPL Soils in about 15 percent of the unit are moder
ately well drained. Shallow peat occupies about 
10 percent and sandy soils 5 percent of the area. 
(Typic Ochraqualfs) 

SSPL Approximately 30 percent of the soils in this unit 
are moderately dark colored; 10 percent are mod
erately well drained; and 10 percent are shallow 
peat. (Typic Psammaquents) 

LSPL About 65 percent of the unit consists of somewhat 
poorly and poorly drained soils. Another 20 per
cent is very poorly drained. Inclusions are 10 per
cent deep sand and 5 percent shallow peat. (Typic 
Psammaquents) 

LSWL This unit includes about 10 percent poorly drained 
silt loams and about 10 percent with sands over 4 
feet deep. Shallow peat occupies another 5 per
cent of the area. (Typic Haplorthods) 



Drought resistant jack pines are com
mon on the sandy soils of unit SSWL 
in the Aitkin Lacustrine Plain (25), 
Bagley Outwash Plain (47), and the 
Bemidji Sand Plain (49). 

Table 21. Selected features of soil landscape units within the Aitkin Lacustrine Plain, silty (25) geomorphic 
region 

Soil Percent 
landscape geomorphic 

unit region 

NP 35 

SSPL 8 

LSPL 

Water 4 

Most common 
texture and thickness (feet) 

Landscape 
position 

level to 
depressional 
lake plain 

Rooting zone 

peat (1-3) 

gently sloping loamy fine 
to depressional to fine sand 
lake plain (1-3) 

gently sloping 
to depressional 
lake plain 

loamy sand to 
fine sand (2-4) 

Substratum 

peat, fine sand 
to silt loam 
(3+) 

fine sand 
(3+) 

silt loam to 
silty clay 
loam (4+) 

*Series in parentheses have been used in older soil reports. 

Moisture 
relationships 

Inches of 

Approximate 
fertility in 

rooting zone 

available water 
to 5 feet 

Drainage 
class pH P K 

Representative 
soil series 

>12 

<4 

4-8 

very poorly 
drained 

4.5-7.0 

somewhat poorly 5.2-6.2 
to very poorly 
drained 

somewhat poorly 6.0-6.8 
to very poorly 
drained 

low 

high 

medium 

low Mooselake 
Dawson 
Cathro 

low Unnamed 

low Unnamed 
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Bagley Outwash Plain, sandy to gravelly (47) 

The region has an area of approximately 225,000 acres 
or 4 percent of the Bemidji Sheet. 

This is a pitted outwash plain consisting of nearly level 
to gently rolling topography, but includes some areas of 
rolling terrain. Two such areas occur in Beltrami County, 
one south of Wilton and one south of Whitefish Lake. 
Another area is located in western Mahnomen County, 
extending into Becker County between Sinder and 
Strawberry Lakes. This is the southern end of a north
south oriented trough which was probably a sand and 
gravel ftlled glacial tunnel valley. The water table is nor
mally more than 10 feet deep on the well-drained soils. In 
lower positions it occurs between the surface and 6 feet 
deep. Twelve lakes, each at least 160 acres in size, are 
located in the region totaling about 10,000 acres. 

Soils in the region range from loamy to sandy and in 
most places have sand and gravel substrata. The water
holding capacity is low to very low. 

Originally the region was forested. Jack pine was the 
principal species on well-drained positions and swamp 
conifers on peat bogs. An estimated 60 to 70 percent of the 
land area is presently forested, chiefly to aspen and jack 
pine. Swamp conifers cover most peat bogs. Ten to 20 
percent of the region is in pasture and another 5 to 10 
percent is in cropland. Main crops are oats and timothy. 

Eleven soil landscape units are mapped in the region: 
SSWL, SP, SSPL, SLWL, LSWL, A, LLWL, LSPL, 
LLPL, LP, and NP. Table 22 gives selected features of 
units. Additional information follows: 

SSWL Approximately 10 percent of the unit includes 
soils which are loamy to depths of 18 to 24 inches 
over sand and gravel. In some of these soils the 
gravel is present in very small amounts. Loamy 
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till occurs in about 10 percent of the area. Poorly 
drained and shallow organic soils occur in about 5 
percent of the area. (Psammentic Eutroboralfs) 

SP About 30 percent of this unit consists of shallow 
peat. Ten percent of the unit has well-drained 
coarse textured soils and 5 percent poorly drained 
sandy soils. (Terrie Borosaprists) 

SSPL Approximately 15 percent of the soils are well 
drained. Five to 10 percent are shallow peat over 
coarse material. (Typic Psammaquents) 

SL WL Poorly and very poorly drained soils occur in 5 
percent of the area. (Typic Eutroboralfs) 

LSWL About 7 5 percent of the unit has 2 to 4 feet of sand 
over calcareous loamy till. The sand is over 4 feet 
deep in about 15 percent of the unit. In 5 percent 
of the area loamy soils are included. Poorly 
drained sandy soils and shallow peat occupy 5 
percent of the area. (Psammentic Eutroboralfs) 

A The unit includes about 10 percent shallow peat 
soils and 10 percent well-drained sandy soils. 
(Unclassified) 

LL WL This unit includes small areas of shallow sand 
over loam. (Aquic Eutroboralfs) 

LSPL Small areas of loamy soils, sands, and shallow 
peat are included in this unit. (Typic Psamma
quents) 

LLPL Minor areas of sandy soils occur in this unit. 
(Aerie Ochraqualfs) 



labl!& 2-2. Seh:ct~lf] featl!il~es of soil iam11:lscape maits witl'iiili the Ba~iley Outw'asil Plain, s~ndy tc grav~l~y i147) geomc~phic ~egii!JJn 

Soil Percent 

Most common 
texture and thickness (feet) 

Moisture 
relationships 

Inches of 
landscape geomorphic Landscape available water Drainage 

Approximate 
fertility in 

rooting zone 

p unit Rooting zone Substratum to 5 feet class 
~~~~~~~~~==~~ 7777777777777777777777777777777 77~77~77~7777~ 

SlWL 2 

outwash 

level to 
gently sloping 
outwash 

loam to sandy 
loam (2-3) 

sand and gravel 
(3+) 

4-8 somewhat 
excessively 
drained 

<6.0 high 

Representative 
K soil series 

low Unnamed 

A 2 narrow stream 
bottoms 

variable
mainly sandy 
loam to loam 
(2-4) 

variable-
mainly sandy 
loam to loam 
(4+) 

4-12 poorly to 6.1-7.8 variable variable Unnamed 

LSPL 

LP <1 

Water 4 

gently sloping 
to depressional 

level to 
depressional 
lake plain 

loamy sand to 
sand (2-4) 

peat (1-3) 

loam (4-20+) 

peat and 
loam (3+) 

4-!l 

8+ 
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moderately weil 
drained 

somewhat poorly 6.0-6.8 medium 
to very poorly 
drained 

very poorly 
drained 

5.5-7.8 low 

low Unnamed 

low Cathro 
Haug 



Guthrie Tin P~ain, loamy (48) 

The region encompasses an area of approximately 
238,000 acres or 4 percent of the Bemidji Sheet. 

The Guthrie Till Plain consists mainly of gently rolling 
topography but includes areas of more rolling land border
ing lakes and peat bogs. The landform is one of irregular 
short slopes with numerous small depressions. The water 
table is normally more than 10 feet deep on well-drained 
locations, and between the surface and 6 feet deep on peat 

and poorly drained positions. Part of Leech Lake and 
four small lakes, each at least 160 acres in size, are located 
in the region. The total water area is about 10,000 acres. 

Soils in the region developed on sandy loam and loam 
glacial tilL Cobble and stones are common in localized 
areas. A sand cap up to 42 inches thick covers the till in 
places. 

The largest area occurs between Leech Lake and 
Steamboat Bay. It extends northward to Cass Lake. 
Another area of 10 to 15 square miles is located southwest 
of Lake Winnibigoshish. 

The original land cover was northem hardwoods, and 
white and red pine. Present land use is estimated to con
sist of 60 to 70 percent forest, mainly aspen, 10 to 20 
percent pasture, and 10 to 20 percent cropland. Oats, 
timothy, and alfalfa are the main crops. 

Eight soil landscape units are mapped in the region: 
LLWL, LSWL, NP, LLPL, SSWL, LSPL, SLWL, and 
A. Table 23 gives selected characteristics of the unit. 
Additional features follow: 

LLWL Soils in about 10 percent of the unit have a sand 
cap 2 to 4 feet deep over loam. Five percent are 
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coarse textured and 5 percent are very poorly 
drained mineral soils or shallow peat soils. (Typic 
Eutroboralfs) 

LSWL An estimated 10 percent of the unit is loamy sur
face soils. About 10 percent has sandy surface 
over 4 feet deep. The area includes minor 
amounts of poorly drained soils. (Psarnmentic 
Eutroboralfs) 

NP Approximately 70 percent of the unit is deep peat 
and 25 percent shallow. Acid peat (pH less than 
5.5) occurs in about 10 percent of the area. Five 
percent of the unit has poorly drained mineral 
soils. (Typic Borohemists) 

LLPL The soils in about 10 percent of the unit are mod
erately well drained. (Aerie Ochraqualfs) 

SSWL In about 15 percent of the unit the sand is less than 
4 feet deep over a loamy substratum. Another 5 
percent has poorly drained sands or shallow peat. 
(Typic Udipsamments) 

LSPL The sand is over 4 feet deep in about 10 percent of 
this unit. Another 15 percent has loamy surface. 
Ten percent has shallow peat. (Typic Psamma
quents) 

SLWL About 20 percent is coarse-textured soils. (Typic 
Eutroboralfs) 

A About 10 percent is loamy upland soils. 
(Unclassified) 



Soil Percent 
landscape geomorphic 

unit region 

LSWL 12 

LLPL 3 

LSPl 

A <1 

Landscape 
position 

gently rolling 
upland 

gently sloping 
depressional 
upland 

gently sloping 
to depressional 

narrow stream 
bottoms 

Most common 
texture and thickness {feet) 

Rooting zone 

loamy sand to 
sand (2-4) 

loam to silty 
clay loam (2-4) 

loamy sand to 
sand (2-4) 

variable
mainly sandy 
loam to loam 
(2-4) 

Substratum 

loam (4-20+) 

loam to clay 
loam (4-20 +) 

loam to sandy 
loam {4-20+) 

variable
mainly sandy 
loam to loam 
(4+) 

Moisture 
relationships 

Inches of 
available water 

to 5 feet 
Drainage 

class 

4-8 

8-12 

well drained 

excessively 
drained 

Approximate 
fertility in 

rooting zone 

pH p K 

<tl.O high to low 
very high 

5.0-6.8 low low 

4-8 somewhat poorly 6.0-5.8 medium 
to very poorly 

low 

drained 

Representative 
soil series 

Unnamed 

Shooker 
Bluffton 

Unnamed 

4-12 poorly to 6.1-7.8 variable variable Unnamed 
moderately well 
drained 
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Bemidji Sand Plain (49) 

The Bemidji Sand Plain encompasses an area of ap
proximately 272,000 acres or 4 percent of the Bemidji 
Sheet. 

The region consists of nearly level to gently sloping 
topography with steeper slopes bordering most lakes. The 
water table is normally over 10 feet deep on most of the 
higher well-drained areas and 6 feet or less in lower poorly 
drained positions. Thirty-three lakes, each at least 160 
acres in size and totaling about 50,000 acres, occur in the 
Bemidji Sand Plain. Cass Lake and Lake Bemidji are the 
largest. 

Most of the soils are sandy throughout and have a very 
low water-holding capacity. 

The original vegetation was mainly jack pine. An esti
mated 60 to 70 percent is presently jack pine and aspen 
forest. Ten to 20 percent is pasture and another 10 to 20 
percent is cropland. Oats and timothy are the main crops. 

Nine soil landscape units are mapped in the region: 
SSWL, NP, P, SSPL, LSWL, A, SLWL, CCPL, and 
CLPL. Table 24 gives selected features of the units. Addi
tional information on some units follows: 

SSWL Approximately 10 percent of this unit has poorly 
to very poorly drained mineral soils or shallow 
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peat. Small areas of loamy soils are included. 
(Typic Udipsamments) 

NP This unit consists of about 60 percent deep peat, 
30 percent shallow peat, and 10 percent sandy 
soils. (Typic Borohemists) 

SSPL About 10 percent of the unit has well-drained sgils 
and 10 percent has soils in shallow peat. Loamy 
soils underlain by sand occupy 15 percent of the 
unit. (Typic Psammaquents) 

LSWL The unit includes about 10 percent loamy soils, 10 
_ percent deep sands, and 5 percent poorly drained 

mineral soils or shallow peat. (Psammentic Eutro
boralfs) 

A This unit includes some sandy soils bordering the 
stream bottom and areas of peat along the bottom 
land. (Unclassified) 

SLWL Approximately 10 percent of this unit has sandy 
surfaces and 10 percent has poorly drained min
eral soils or shallow peat. (Typic Eutroboralfs) 



Table 24. Selected features of soil landscape units within the Bemidji Sand Plain (49) geomorphic region 

Soil Percent 
landscape geomorphic 

unit region 

NP 10 

LSWL 2 

SLWL <1 

CCPL <1 

Landscape 
position 

level to 
depressional 

gently sloping 
upland 

nearly level 
to gently 
sloping 
outwash 

nearly level 
lake plain 

Most common 
texture and thickness (feet) 

Rooting zone Substratum 

peat (1-3) peat to sand 
(3+) 

loamy sand to loam (4-20+) 
sand (2-4) 

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

silty clay 
and clay (2-3) 

silt clay 
(3+) 

Moisture 
relationships 

Inches of 
available water 

to 5 feet 
Drainage 

class 

>12 

4-8 

(4-8) 

8-12 
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very poorly 
drained 

well drained 

somewhat 
excessively 
drained 

poorly to 
very poorly 
drained 

Approximate 
fertility in 

rooting zone 

pH P K 
Representative 

soil series 

4.5-7.0 low low Mooselake 
Dawson 

<6.0 high to low Unnamed 
very high 

>6.0 high low Lengby 

5.5-6.5 high medium Indus 



Development of landforms in the Bemidji Sheet Area 

Landforms in the Bemidji Sheet area largely resulted 
from glacial processes more than 7,000 years ago through 
two ice advances. The Wadena lobe advanced over the 
area east of the Alexandria Moraine Complex (3). The Des 
Moines lobe covered the western part of the sheet area and 
the St. Louis sub lobe of the Des Moines lobe passed over 
much of the eastern part. 

The Wadena lobe advanced from the northwest into 
the Red Lakes lowlands. At the same time the Rainy ice 
lobe was coming from the northeast diverting the eastward 
movement of the Wadena lobe towards the southwest and 
probably terminating on the south and west in the Alexan
dria moraine complex (3). At this time the Red River 
lowland must have been occupied the Des Moine lobe, 
othewise the Wadena lobe would have advanced that way 
because it is lower topographically than the Red Lake 
lowlands. 

As the Wadena lobe retreated northward it formed the 
prominent Itasca moraine 0 1). Several tunnel valleys 
were formed in the Itasca moraine. Meltwater, under high 
hydrostatic pressure, formed dosed water-filled drainage 
tunnels at the base of the ice, which formed gorges in the 
substratum. As the ice thinned during wastage, the hydro
static pressure was reduced and began depositing sand 
and gravel in the channels. In this sheet area, meltwater 
from the Wadena lobe formed the Park Rapids-Staples 
outwash plain The till of the Wadena lobe is buff 
colored, sandy, to loam, calcareous, and without 
cretaceous shale. 

The Des Moines lobe crossed the Alexandria moraine 
complex (3), capping the drift deposited earlier by the 
Wadena lobe. Till from this lobe also formed the Fergus 
Falls Tin Plain (2) and the Fosston Till Plain (2A). The St. 
Louis sublobe probably contributed to the eastern part of 
the Fosston Till Plain. Meltwater from the Des Moines 
lobe formed the Detroit Lakes Pitted Outwash Plain (4). 
]\;lost of this occurs in the Brainerd Sheet area. 

The Rainy lobe had retreated out of the survey area to 
or beyond the Vermillion moraine. The Superior lobe 
moved out of the deep Superior basin and probably 
blocked the drainage of the St. Louis River thus forming 
the first stage of Glacial Lake Aitkin with drainage 
into the Mississippi system. Lake Aitkin possibly received 
reddish lake clay and silt from the Superior lobe and 
brown lake sediments from ice to tlhe northwest or north.. 

By this time the Wadena lobe must have retreated well 
towards the north, because the St. Louis sublobe of the 
Des Moines lobe advanced eastward along the Red Lake 
lowland over-riding Glacial Lake Aitkin. Tin deposited by 
the St. Louis sublobe is relatively thin, probably less than 
25 feet thick, occurring as a mantle over the landscape 
formed by the advance and retreat of the Wadena lobe, 
and probably changed it very little. The St. Louis sub lobe 
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apparently picked up some clayey lacustrine materi~l 
from pre-existing lake beds in the lowland, because the tdl 
contains patches of clayey sediments intermixed with the 
loamy tilL 

The advance and retreat of the St. Louis sublobe 
formed the Erskine (3A), Northome (3B), Clearbrook 
(3C), Marcell (22A), and Sugar Hills (22B) moraines. The 
sublobe also formed the Blackduck (2B), Fal:k (2C), Swa-
tara and Guthrie (48) till plains, 

During the wastage stage of the Superior lobe the St. 
Louis sub lobe retreated and formed Glacial Lake Aitkin at 
its front. The Aitkin Lacustrine Plain (25) is a product of 
this lake. Most of the lake occurs in the Duluth and Hib
bing Sheet areas. Meltwater from the waning St. Louis 
sublobe carrying sand and gravel formed the Bagley 
Outwash Plain ( 47) and further from the ice front the water 
deposited sand to form the Bemidji Sand Plain (49). Some 
of the fine sand in the Aitkin Lacustrine Plain proba
bly is a delta formation, especially the area south of Lake 
Winnibigoshish. The Mahnomen Lacustrine Plain (5), lo
cated west of the Alexandria Moraine Complex (3), was 
formed when a lake existed for a short period in front of 
the waning ice of the St. Louis sublobe. The silt generally 
is less than 4 feet thick over tilL 

Till from the Des Moines lobe and St. Louis sublobe is 
calcareous, shaly, grayish brown colored, and loamy. 

About years before present (RP.) the Red 
River was completely covered by glacial ice for the 
last time. Sometime after 14,000 B.P. the glacier had re-

Rolling landscape of the tl,lrexandria Moraine Complex formed t!1e 
Wadena lobe and !ater capped with calcareous loamy til! by Des 
Moines lobe. 



treated far enough north to expose the drainage divide in 
south central Minnesota and northern South Dakota to 
deposit sediments in the meltwater that was ponded be
tween the divide and the glacier. Later the ice readvanced 
southward. By about 13,500 B.P. the glacier had retreated 
again beyond the drainage divide. 

The duration of Glacial Lake Agassiz has been divided 
into five phases or periods: Cass (high-water); Caledonia 
glacial advance; Lockhart (high-water); Moorhead (low
water); and Emerson (high-water). 

-Cass Phase-(before 13,500 B.P. to before 12,800 
B.P.): The first high-water stage of Lake Agassiz was 
formed by meltwater ponded north of the divide. The 
outlet during this stage was southward through the present 
Minnesota River Valley. Stagnant ice surrounded the lake 
and the level was well above the Herman Beach. During 
this period the lower part of the Argusville Formation was 
deposited in the southern part of the lake plain. The Wylie 
Formation was also deposited during this time. The sedi
ment was largely clay supplied by the Cheyenne River 
cutting through the Pierre Formation to the west in North 
Dakota. The Wylie Formation is recognized in southeast
em Manitoba; therefore, the ice had retreated into Canada 
during this time. The Wylie Formation consists of lami
nated to unbedded clay and silt. Slickensides are common. 
The Argusville Formation consists of 54 to 84 percent clay 
and is unbedded. 

-Caledonia Advance-(before 12,800 B.P. to before 
12,000 B.P.): Sometime before 12,800 B.P. the ice ad
vanced up the Red River Valley again, terminating at the 
Eden burg moraine in Trail County, North Dakota. In 
places it completely eroded the lacustrine sediment of the 
Wylie Formation. 

-Lockhart Phase-(before 12,000 B.P. to 11,000 
B.P.): During this phase the lake spread northward as the 
ice margin retreated and deposited sediment of the Brenna 
Formation. The major sediment source was shale from the 
Pierre Formation. During this phase the Herman Beach 
was formed at about 1,060 feet above sea level (A.S.L.). 
The Brenna Formation consists of clay and silty clay and 
contains from 58 to 95 percent clay. It is vaguely laminated 
to unbedded; calcareous modules are abundant in places; 
and slickensides are common. As the outlet eroded deeper 
the level of the lake began to drop. It stabilized for a period 
at about 1,040feetA.S.L. and formed the Norcross beach. 
Further lowering and stabilizing of the outlet lowered the 
lake to about 1,020 feet A.S.L. and formed the Tintah 
beach. It is not as well developed as the Herman or Nor
cross beaches. Downcutting of the south outlet continued 
until the Campbell level was attained. The outlet finally 
stabilized at that level, 980 feet A.S.L., when a granite 
base was reached. The lake stood at this level until about 
11,000 B.P. when a lower outlet was opened eastward into 
the Lake Superior basin and ending the Lockhart Phase. 

-MoorheadPhase-(11,000B.P. to9,900B.P.): With a 
lower eastern outlet the lake level began to lower. During 
this phase there were several lake fluctuations as follows: 
(a) By about 10,900 B.P. the lake was at the Ojatalevel. (b) 
Advancing ice again plugged the eastern outlet and by 
10,700 B.P. Lake Agassiz had risen back to the Campbell 
beach level. The lower part of the Sherack Formation may 
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have been deposited during the rise to this level. (d) The 
ice receded, reopening the eastern outlet and Lake Agas
siz again dropped until about 10,500 B.P.; it was back to 
the Ojata level. (d) A lower outlet opened and by about 
10,300 B.P. Lake Agassiz dropped below the Ojata level. 
(e) When advancing ice blocked the lower eastern outlet, 
about 10,100 B.P., the lake rose back to the Ojata level, 
where it was maintained for about 200 years, when the 
higher eastern outlet again was blocked by advancing ice. 

-Emerson Phase-(9,900 B.P. to 9,000 B.P.): This 
phase begins with the rise of Lake Agassiz back to the 
Campbell level at about 9,900 B.P. By this time sediment 
entering the lake basin was glacial rather than Pierre 
shale. The lake stood at the Campbell level until about 
9,000 B.P., when the eastern outlets were opened. The 
Sherack Formation was mostly deposited during this 
phase. This formation consists of clay, silty clay, and silt; 
laminations are vague to distinct; and gypsum crystals are 
common. The formation of the Agassiz Lacustrine Plain, 
Big Fork Valley (lB) was completed when the lake level 
dropped to the Campbell level. It is poorly drained and 
consists mainly of clay and silt sediments, so developed in 
relatively still water. The Agassiz Lacustrine Plain, Red 
Lake area (lD) was also completed by the time the lake 
level reached the Campbell beach. It is mixed in composi
tion containing areas of sand, peat, and loam, along with 
some marshy areas. Lower Red Lake is within this region. 
The McCauleyville beach was formed when the lake was 
draining eastward at its highest level. The Agassiz Lacus
trine Plain, Inter-Beach Area (IC) developed during the 
period from about 12,000 B.P. to 9,000 B.P. It represents 
the area of most beach concentration and the poorly 
drained to wet areas between beaches. Most wet areas are 
loamy, including some shallow peat. The beach ridges are 
sandy and gravelly. With the final opening oflower outlets 
to the east and north, after 9,000 B.P., the Emerson Phase 
of Lake Agassiz came to an end as the lake drained from 
Minnesota and North Dakota. By this time the Agassiz 
Lacustrine Plain, Red River Valley (1) had formed cover
ing a span from about 13,500 B.P. to 9,000 B.P. 

As the glacial ice to the north continued to disinteg
rate, lower outlets opened, and lowering the lake level 
until about 7,500 B.P. it became little more than present 
Lake Winnipeg. 

Glacial Lake Agassiz was in existence for about 6,000 
years. In the survey area it spanned a period of about 
4,500 years. The lake apparently stood at the Campbell 
level longer than at any other level because of the massive 
beach formed during this stage. The sand and gravel of 
the Campbell beach are well-rounded and well-sorted as 
compared with other beaches in the vicinity, an indication 
of duration. 

Four large lakes, Lower Red, Leech, Winnibigoshish, 
and Cass, are located almost totally within the Bemidji 
Sheet area. In general, most lakes are confined to the 
moraines and outwash plains. With the exception of 
Lower Red Lake, very few occur in the lacustrine plains. 
Lake Winnibigoshish is located in the Aitkin Lacustrine 
plain; however, it borders the Bemidji sand plain. 

The western and northern areas drain into the Red 
River of the North and the southeastern area drains into 
the Mississippi River. 



Climate of the Bemidji Sheet Area 
The climate of any land area is an extremely important 

component of the resources. Climate affects, to some 
degree, most of man's activities. 

Some of the general climate characteristics of this 
area are given in the series of nine diagrams. The area has 
a typical continental climate with wide extremes in tem
perature from summer to winter. Total annual precipita
tion ranges from 20 inches per year in the western part to 
27 inches in the southeastern portion (figure a). Nearly 
half of the precipitation falls during the summer (figure b). 

Snowfall is an important component of annual precipi
tation and averages 30 to 60 inches (figure c). Figures d 
and e show that this area normally has 40 to I 00 days with 
6 inches of snow on the ground and I 0 to 70 days with over 
I2 inches. 

The average date of the last occurrence of frost ranges 
from May I7 in the southwestern comer to May 27 in the 
central and northeastern part of the area (figure t). Where 
soils suited to agriculture occur, wheat, barley, oats, flax, 
soy beans, sugar beets, potatoes, sunflowers, early ma
turing com, alfalfa and other hay crops are grown suc
cessfully. Adapted vegetables and small fruits are also 
cultivated throughout the area. Fall frost normally occurs 
September 2I to 26 (figure g). 

Summer weather is typically one of warm days and 
cool nights. Figures hand i show that the warmest temper
atures in July average from 80° to 84°F., and the minimum 
from 54° to 59°. Summer and fall weather is usually very 
comfortable for outdoor recreational activities. 

One of the important aspects of the climate is the 
temperature and moisture range which occurs within the 
soil and within the air zone several feet above ground. The 
nature of the soil, local topography, direction of slope and 
vegetation, all interact with the general patterns of air and 
moisture flow to modify long term temperature averages. 
For example, the southeastern portion is somewhat 
affected by the proximity of the Red, Leach, and Winnibi-
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Figure a. Annual normal precipitation in inches, 1941-1970, Bemidji 

Sheet. (Adapted from Minnesota Technical Bulletin 314, 1978) 
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Figure b. Summer (June, July, August) normal precipitation in inches, 

1941-1970, Bemidji Sheet. (Adapted from Minnesota Technical Bulletin 

314, 1978) 
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Figure c. Annual snowfall in inches, 1950-1975, Bemidji Sheet. (After 

Kuehnast and Baker) 
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Figure d. Average number of days per year when snow cover is more 

than 6 inches, 1960-1979, Bemidji Sheet. (After Kuehnast, State Clima

tology Office, Department of Natural Resources) 
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Figure e. Average number of days per year when snow cover is more 

than 12 inches, 1960-1979, Bemidji Sheet. (After Kuehnast, State 

Climatology Office, Department of Natural Resources) 
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Figure f. Average date of last occurrence of 32° For lower in the spring, 

Bemidji Sheet. (Adapted from Minnesota Technical Bulletin 243, 1963) 
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Figure g. Average date of occurrence of 32° For lower in the fall, 

Bemidji Sheet. (Adapted from Minnesota Technical Bulletin 243, 1963) 
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Figure h. Average daily maximum temperature during July 1931-1960, 

Bemidji Sheet. (Adapted from Minnesota Technical Bulletin 248, 1965) 
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Figure i. Average daily minimum temperature during July, 1931-1960, 

Bemidji Sheet. (Adapted from Minnesota Technical Bulletin 248, 1965) 

goshish lakes resulting in slightly lower summer tempera
tures. The Agassiz Plains (I, lB, and ID) are nearly level, 
therefore slope and elevation have no effect on tempera
tures in those regions. The numerous areas of peat also 
produce a microclimate effect resulting in a somewhat 
shorter growing season but, because of the large water
holding capacity, often a temperature moderation. Soils 
on beaches and outwash plains are sandy and generally 
gravelly with a relatively low water-holding capacity, 
while lacustrine soils are clayey or silty with a high water
holding capacity. 

Surprising differences in temperatures and wind veloc
ities 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 those 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 listed at the end of this report. 
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Agriculture 
Agriculture is an important industry in the Bemidji 

Sheet land area. Data from the 197 4 Census of Agriculture 
show that about 40 percent of the 5. 79 million acres is used 
for cropland. The types of farming range from an intensive 
crop oriented, large operations of the Red River Valley to 
diversified and part time farms in the eastern counties of 
the sheet. 

The deep prairie soils and level topography of the 
Agassiz Lacustrine Plain (Red River Valley) make this 
section of Minnesota and North Dakota one of the prime 
crop production areas of the United States. East of the 
beach area, soils are more variable and the climate favors 
forest vegetation. Agricultural land here is discontinuous 
and most farms are using livestock to make maximum use 
of land suitable for pasture and hay crops. 

The following tabulation lists the acreages and yields 
of the major crops from three counties of the Bemidji 
Sheet. Norman County is representative of the Agassiz 
Lacustrine Plain and Hubbard and Beltrami Counties 
represent the eastern part of the sheet. 

Selected agricultural data, 19781 

Total land Cropland Percent of land 
County area acres in cropland 

Beltrami 1,604,160 89,450 5.6 
Hubbard 596,224 55,250 9.2 
Norman 566,402 455,100 80.0 

1Data from Minnesota Agricultural Statistics, 1979 Minnesota Crop and Live
stock Reporting Service. 

Forestry 
Forestry is an important land use in the eastern portion 

of the Bemidji Sheet area in I 979. In the early logging days 
it was within the pine and spruce country. Today aspen, 
spruce, jack pine, and tamarack occur extensively and are 
important in the logging industry and for the aesthetic 
beauty of the area. Northern hardwoods are common on 
the moraines in Becker, Mahnomen, and Clearwater 
counties. 

For some timber interpretations on principal soil land
scape units within geomorphic regions see table 25. 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. 

Table 25. Some timber interpretations within geomorphic regions of the Bemidji Sheet area based on soil 
characteristics 

Geomorphic regions 

Big Fork (Agassiz) (1 B) 
Inter-Beach (Agassiz) (1 C) 
Red Lake (Agassiz) (10) 
Aitkin Lacustrine (25) 

Soil 
landscape 

unit 

SSWL 

Texture 

Water 
table 

positinn 
Seedling 
mortality 

loamy medium to slight 
sand over low 
sand and 
gravel 
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Recommended Representative 
Root Forest productivity species soil series 

restriction 
Pulpwood Sawtimber 

slight fair poor white spruce 
red pine 
white pine 
jack pine 
aspen 

Marquette 
Menahga 
Hiwood 



Table 25 (continued). Some timber interpretations within geomorphic regions of the Bemidji Sheet area based on soil 
characteristics 

Till plain (48) SLWL 
Moraines (3A, 11) 
Outwash plains (8, 47, 49) 

Till plains (2A, 2B, 2C, 48) 
Moraines (3, 3A, 3B, 3C, 

11, 22A, 22B) 
Outwash plain (8, 47) 

Big Fork (Agassiz) (1B) 
Northome Moraine (3B) 

LLWL 
LSWL 
XLWL 
YLWL 

CCWL 
LCWL 

Aitkin Lacustrine Plain (25) SLPL 

Big Fork (Agassiz) (1B) 
Red Lake (Agassiz) (10) 
Aitkin Lacustrine (25) 

CCPL 
CCPD 
CLPL 

Recommended Representative Water 
table 

position 
Seedling Root Forest productivity species soil series 
mortality restriction 

Pulpwood Sawtimber 

sand 
loam 
gravelly 
sand 

low 

loam to low 
sandy over 
loam 

silty clay medium 
to shallow to low 
clay 
over loam 

slight moderate good 

slight to slight good 
moderate 

moderate moderate good 
to severe 

loamy medium moderate moderate fair 
over sand to high to severe to severe 

silty 
clay 

high moderate moderate good 
to medium to severe to severe 
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fair 
to good 

fair 
to good 

good 
to fair 

poor 

fair 

white spruce 
red pine 
aspen 
white birch 

white spruce 
red pine 
white pine 

Todd 
Lengby 
Unnamed 

Nebish 
Beltrami 
King hurst 
Rockwood 

Taylor 
Unnamed 

black spruce Unnamed 
white spruce 
white cedar 

white spruce 
aspen 

Indus 
Wabanica 
Wildwood 
Unnamed 



Sailing and other water sports are 
popular on the numerous lakes of 
the Bemidji Sheet area. 

Recreation 
During the summer vacation season, parts of the Be

midji Sheet area become very popular. About 203 lakes, 
each at least 160 acres in size, are located in the area. 
Leech, Winnibigoshish, Lower Red, Cass, and Bemidji 
are the largest of these lakes. 

Fishing, canoeing, boating, swimming, and water
skiing are popular summer activities. 

Autumn brings deer, grouse, duck, and geese hunters 
into the area. 

Snowmobiling is a popular winter sport. For principal 
recreational activities within geomorphic regions, refer to 
table 26. Table 27 is a general outline of limitations for 
various recreational activities in the soil landscape units 
of the Bemidji Sheet area. 

Table 26. Recreational activities in the Bemidji Sheet Area by geomorphic regions 

Geomorphic region 

Agassiz Lacustrine Plain, 
Big Fork Valley (1 B) 

Agassiz Lacustrine Plain, 
Red Lake (10) 

Fosston Till Plain (2A) 

Principal game Water oriented 

deer 
grouse 
moose 

deer 
moose 
grouse 

deer 
ducks 
geese 

boating 
and 
fishing 

boating 
and 
fishing 

boating 
and 
fishing 
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Resorts, picnic 
and camp grounds 

Resort on Maple 
Lake camp and 
picnic grounds 

Snowmobiling 

limited 

limited 

extensive 

Additional 
information 

Lower Red Lake fished 
commercially by 
Indians 

numerous cottages 
on Maple ~ake 



Table 26 (continued). Recreational activities in the Bemidji Sheet Area by geomorphic regions 

Geomorphic region 

Alexandria Moraine (3) 

Northome Moraine (38) 

Detroit Lakes Pitted Outwash (4) 

Park Rapids-Staples Outwash (8) 

Marcell Moraine (22A) 

Swatara Plain (24) 

Bagley Outwash Plain (47) 

Bemidji Sand Plain (48) 

Principal game Water oriented 

deer 
ducks 

deer 
grouse 

deer 

deer 

deer 

deer 
grouse 

deer 
grouse 
ducks 

deer 
grouse 

boating and 
fishing 

boating and 
fishing 

boating and 
fishing 

boating and 
fishing 

boating and 
fishing very 
popular 
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Resorts, picnic 
and camp grounds 

camp and 
picnic grounds 
some resorts 

camp and 
picnic grounds 

camp and 
picnic grounds 

camp and 
picnic grounds; 
few resorts 

camp and 
picnic grounds 
resorts on several 
lakes 

Snowmobiling 

extensive 

extensive 

extensive 

extensive 

limited 

limited 

extensive 

extensive 

Additional 
information 

many small lakes 
some skiing 
many cottages 

cottages on 
island lake 

minor region 

minor region 

cottages on several 
lakes 

cottages on 
several lakes, 
several large lakes 



Table 27. Degree and limitations for specific recreational uses 

Playgrounds, athletic 
field and intensive 

SSPL sandy over moderate-high 
sandy or gravelly, water table 
poorly drained, 
light colored 

SSPD sandy over 
sandy or 
gravelly, 
poorly drained 
dark colored. 

moderate-high 
water table 

SLPL loamy over severe-high water 
sandy or table. 
gravelly, poorly moderate-surface 
drained, light soil is sticky 
colored. and soft when wet. 

SLPD loamy over severe-high water 
sandy or gravelly, table. 
poorly drained, moderate-surface 
dark colored. soil is sticky and 

soft when wet. 

Picnic areas, parks 
and extensive play 

moderate-high 
water table 

moderate-high 
water table 

severe-high water 
table. moderate-
surface soil is sticky 
and soft when wet. 

severe-high water 
table. moderate
surface soil is sticky 
and soft when wet 

moderate-high 
water table 

moderate-hf!lh 
water table 

severe-high water 
table. moderate-
surface soil is 
sticky and soft 
when wet. 

severe-high water 
table. 
moderate-surface 
soil is sticky 
and soft when wet. 
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Golf course 
fairways 

moderate-high 
water table 
and low natural 
fertility. 

moderate-high 
water table 

moderate-high 
water table 

moderate-high 
water table 

Cottages, service 
and utility 

severe-high 
water table 

severe-high 
water table 

severe-high 
water table 

Tents and 
trailer sites 

severe-high 
water table 

severe-high 
water table 

severe-high 
water table 

severe-high water severe-high 
table water table 



Soii 
!andscapa 

LSVVD sandy over 
loamy, well 
drained, dark 
colored, 

UJ!VL deep silty or 
loamy, 
moderately 
well well 
drained, iight 
colored 

slight 

to moderate--
soi! may 

be stickv when weL 
moderate-2-5% 

severs-over 
slopes 

llVVD deep silty or slight to moderate---
somewhat surrace soil may 
to well be sticky when waL 

modarate-2-,6% 
dark colored, 

LCW~ clayey over 
loamy; 
moderatel'y weli 
drained; light 
colored, 

s!opes severe
over 6% slopes 

moderate--surface 
soil is 3ticicy 
when wet 
slo•N permeability 
moderate---2-6% 
slop as 

Picnic areas, parks 
and eKtensive play 

slight 

slight to mad erate--
surface soil may 
be sticky when wet 
moderate -2-6% 

severe--over 
slopes 

slight to moderate
surface soil may 
be s1ic!cy when wet 
moderate---2-6% 
~lopes seve!',&--
ovGr 6% 

mod erate----su rrc;ce 
soii is stldcv when 
'~;'Vet s!ovv perma
ability moderate---
2-60/0 s!opes. 

slight 

slignt to moderate
surface soil may 
be sticky when 
wet moderate---
2-6% slopes 
scavere---over 6% 
slopes 

slight to moderate 
sudaca soil may 
!}3 sticky when 
wet moderate---
2-6% slopes 
severe---over 6% 
slopes 

madarate-3udacs 
soil is sticky 
when ~rt~et. 

modemte-2-6% 
s!cp,es. 
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Golf cow·se 
fairwEys 

slight 

slight to 
moderahJ-surface 
soil may be sticky 
vvhen ~~.rvet. 

moderate-2-6% 
slopes severe
over 6% slopes 

slight to rnoderate---
surfaca soil may 
be stidcy when 
vvet rvloderate---
2-60fu slopes sev.ere
over 6% slopes, 

Cot:ages, service 

slight 

siight--2-6'io slop~,s 
moderate S-12% 

severe-~ over 
slopes 

mods~ate--surfsce 
soil is stidqr 

sligh! 

when weL 
modei·ate-2-6% 
slopes, 

Tents and 
trailer sites 

slight 

sliglrt-2-6% 
moderate
s!oi:=H3S 

SHV8f3~--over 

'12% s!,opes, 

modemte--surf5ca 
soil is stic'w 
when wet 
slow 
oermeai:Jility 



Soil 
landscape 

ClPD* colored. 

CCPl deep clayey; 
drained; 

colored. 

XLWL 
XLWD 

lP 
SP 
!\IP 
AP 
p 

organic soil 
peat over 

or peat 
very poorly 
drained. 

athletic 

moderate--slow 

severe-seasonal 
higll vvater table 
occasional 
poor ;-,"tt'c"hilltll 

moderate--slow 
permeability. 

severe--high water 
table; seasonally 
ponded; soft organic 
sur·face soil. 

marsh-org3nic severe--high water 
and mineral table; ponded most 
soils. ponded of the year. 
most of the year. 

*minor soil landscape unit. 

Picnic areas, packs 
and extensive play 

moderate--slow 

severe-seasonal 
high water table 
occasional ponding 
poor traflicability; 

severe--high water 
table; seasonally 
ponded. soft organic 
surface soil. 

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

ponding; moderate 
surface soil is 
sticky when wet; 
slaw permeability 

severe-seasonal 
high water table. 
moderate-surface 
soil is sticky 
when wet. 

slight
mod·arate-'12-18% 
slop,as. severe-
over 18% slopes 

58\181'8--high 
water table; 
seasonally ponded; 
soft organic 
surrace soil. 

severe-high water 
table; ponded most 
of the year. 
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Golf course 
fairways 

moderate-surface 
soil is sticky 
when vveL 

severe-seasonal 
high water table 
moderate-surface 
soil is sticky 
when vvet. 

slight-2-6% slopes 
moderate-fi-12% 
slopes. severe
over 12% slopes. 

severe--high water 
table; seasonally 
ponded. soft organic 
surface soil. 

Cottages, service 
and utility 
bui 

severe-seasonal 
high water table. 

slopes. severe
over 12% slopes. 

severe--high water 
table; seasonally 
pomled; soft organic 
surface soil. 

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

Tents and 
trailer sites 

permeability. 

severe-seasonal 
high water 
table; poor 
tmf1'icability 
moderate--
slow permeability. 

slight-2-6% 
slopes. moderate-
6-12% slopes. 
severe--over 
·12% slopes. 

severe high 
water table; 
seasonally 
ponded; soft 
organic surface 
soil. 

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



Information for the Engineer 
Because of the general nature of soil landscape units, 

which include several major and minor soil series, it is 
impossible to give specific engineering data such as engi
neering classification, particle size, liquid limit, plasticity 
index, percolation rates, shrink-swell potential, and cor
rosivity. These can be obtained from onsite inves
tigations. Table 28 gives an approximate range in the 
American Association of State Highway Officials 

(AASHO) and unified classification 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. Land
scape units with clay will likely have high shrink-swell 
potential. 

Prime sources of gravel will be found in the Inter
Beach Area (I C). 

Table 28. Approximate engineering classification of materials at the surface and at 5 feet in the soil landscape 
units delineated in the Bemidji Sheet 

Soil 
landscape 
unit 

SSWD 

SSPD 

SLWD 

SLPD 

LSWD 

LSPD 

LLWD 

LLPD 

CLPL 

AASH0 1 

Surface 

A-1, A-2, A-4 

A-2, A-3, A-4 

A-2-4, A-4 

A-2-4, A-4 

A-2, A-3, A-4 

A-2, A-3, A-4 

A-4, A-6, A-7 

A-4, A-6, A-7 

A-4, A-6, A-7 

UNIFIED2 

5 feet+ Surface 5 feet+ 

A-1, A-2 SM, SC, ML, CL, CL, GM, GC GM, GC, SM, SC 

A-2, A-4 SP, SP-SM, SM SP, SP-SM, SM 

A-1, A-2, A-3 OL, ML, CL-ML ML, CL-ML 

A-1, A-2, A-3 SM, SM-SC, ML, ML-CL SP, SP-SM, SM, GP 

A-4, A-6 SM, SM-SC, ML, CL, SP-SM SC, CL, SM-SC, CL-ML 

A-4, A-6 SM, SM-SC, ML, CL, SP-SM CL, ML 

A-4, A-6, A-7 ML, ML-CL, CL3 CL, ML-CL, MH, CH 

A-4, A-6, A-7 ML, ML-CL, CL3 CL, ML-CL, MH, CH 

A-7 ML, ML-CL, CL, CH CH 
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Table 28 (continued). Approximate engineering classification of materials at the surface and at 5 feet in the 
soil landscape units delineated in the Bemidji Sheet 

Soil 
landscape 
unit 

CCPL 

CCPD 

YLWL 

YLWD 

NP 

AP 

AASH0 1 

Surface 

A-7 

A-7 

A-4, A-6, A-7 

A-4, A-6, A-7 

A-8 

A-8 

UNIFIED2 

5 feet+ Surface 5 feet+ 

A-7 CH CH 

A-7 CH 

A-4, A-6, A-7 ML, ML-CL, CL ML, ML-CL, CL 

A-4, A-6, A-7 ML, ML-CL, CL ML, ML-CL, CL 

A-8, A-4, A-6 PT PT, OH, ML, CL, SM 

A-8, A-4, A-6 PT PT, OH, ML, CL, SM 

1American Association of State Highway Officials. Standard specification for Highway Materials and Methods of Sampling and Testing. 1961. 
2Waterways Experiment Station, Corp of Engineers. The Unified Soil Classification System. Tech. Memo. 3-357, Vol. 2, 1953. 
3'fhe 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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~iydroiogy 

This section is divided into two parts: (1) Watersheds 
of Red Lake and Wild Rice Rivers; and (2) Mississippi 
Headwaters. 

1. Watersheds Redlake and Wild Rice Rivers. 
Streamflow of the Red River of the North is adequate 
because it is supplemented by release of stored water from 
Red Lakes within the watershed, and Orwell Reservoir 
and Lake Ashtabula which are outside the watershed. 

In the glacial till areas wells which tap thin and discon
tinous sand and gravel strata generally yield less than 25 
gallons per minute. Most communities have local unde
veloped aquifers which may yield several hundred gallons 
per minute. The most productive aquifers can be expected 
to occur in the outwash and ice-contact deposits within 
the moraines. 

of smface and most ground water is 
suitable for and agricultural uses. This water at 
depths generally less than 50 feet is the calcium magne
sium type. Most surface and ground water has a low 
sodium hazard but a moderate to high salinity hazard for 
irrigation use. Water hardness generally ranges from 200 
to milligrams per liter. Hardness of 500 milligrams 
per liter occurs in Red Lake County. In West Polk County 
the hardness ranges from 500 to 2,000 towards East Grand 
Forks. In the lake plain (region 1) at depths over 50 feet the 
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Headwaters of the Mississippi River is at L11ke ha5ea, ne;;w the soutilem 
edge of the Bern klji Sheet. it is a fmmrite spot for tourists and natives 
of Minnewta, too. Mane~11ering acmss the rocks, on foot, takes some 
agility, but lots of photo <~lbums point to it as an accomp!;shment. 



water is of the highly mineralized sodium chloride type. It 
generally is not suitable for domestic or agricultural pur
poses. This water type is commonly associated with the 
Cretaceous sediments which occur below the glacial drift. 
The iron content in the watersheds of Red Lake and Wild 
Rice Rivers may be high. 

limits ofboron-sensitive plants. The water consequently is 
suitable for irrigation of crops. 

For streamflow data on several streams in the Bemidji 
Sheet Area see table 29. 

2. Mississippi Headwaters 
Streamflows of the Mississippi River and tributaries 

are adequate. Flows of the Mississippi are supplemented 
by dams which maintain levels of Winnibigoshish and 
Leech lakes. 

Table 30. Yields of ground water from wells, potential 
yields, and thicknesses of aquifers by glacial sedi
ments in the Mississippi Headwaters 

The outwash, moraine, and till areas have adequate 
ground water supplies in most places. See table 30 for 
additional information. 

The water is very hard containing 180 milligrams per 
liter or more as calcium carbonate and frequently an 
excess of iron and magnesium. The sodium adsorption 
ratio is low and the boron content is within the permissible 

Geomorphic area 

Outwash () 
End Moraine ( ) 
Till Plain () 
Glacial Lakes 

*gallons per minute 

Table 29. Stream flow data on several streams in the Bemidji Sheet Area 

Range of yield 
per well 
(gpm)* 

3-81 
1-50 
1-13 

0.5-7.5 

Discharge in CFS 
River Location 

Clearwater Plummer 

Lost Oklee 

Clearwater Leonard 

Wild Rice Twin Valley 

Sand Hill Climax 

South Branch Wild Rice Borup 

Drainage 
area 

(sq. miles) 

Years on 
record 

512 1940-65 

266 1961-65 

153 1935-45 

888 1910-17 
1931-65 

405 1944-65 

254 1944-49 
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Maximum Minimum 
(cfs) (cfs) 

3,640 7.9 

1,780 0.0 

655 2.0 

9,200 0.5 

4,560 8.0 

1,150 0.0 

Potential 
obtained 
per well 
(gpm)* 

2000 
1000 
500 
500 

Average 
(cfs) 

169 

76 

61 

161 

59 

36 

Thickness 
of 

aquifers 
(teet) 

1-200 
2-50 
1-16 
1-68 

Average 
annual runoff 

(inches) 

4.48 

3.89 

5.48 

2.46 

2.01 

1.96 



SJu:wt De1llcrlptilllllU'!:S !11I S1Di! Serries CJassi·~ie(~ at Hu:! 
Si.!!i]!llJ:rmlt1 

Tlhis land consists of recent alhwiurn of variable 
textures ar1d variable on stream flood 

mildly alkaline loan! 
alkaline loam to 

24 to 36 inches 
loamy sand or 

inches thick over 

ca]ca:re.ous 
Haploborolls) 

neutral loam over 
bro·wn, neutral loam subsoil over brownish 

tm at 14 to 20 

Ba:Jdette-Light-colored, 
add very fine 

over mHdly acid to neutral 
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loam subsoil, over brownish gray lacustrine silt 
loam at H3 to 24 inches, (Aquic 

Bearden-Dark-colored, somewhat 
alkaline silt loam to silty over 

olive brown strongly calcareous silt loam to 
loam. The substratum at about 30 .inches 

is Hght brovvnish gray calcareous, lacustrine silt 
loam to clay loam, 

Beltrarni-Light-colored, well-drained, 
acid sandy loam to loain 10 to 15 inches 

over brmvnish slightly acid day loam sub-
soU. This is underlain at 26 to 36 inches olive 

glacial till, 

drained very fine 
clay loam W to 15 inches thick, 

gray to olive gray loarn, 
at 20 to 30 inches to calcareous lacustrine 

fine sand. These soils are mildly alka-



iOawk surface m<rteriZJis exteml down into the sulosoi! where !lry sl.!mmers 
have caused cracks to appear in the Fargo d<Jy. 
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ish brown calcareous silty day alluvium 
bottomlands. Udifluvents) 

neutral very drained muck 
or peat 16 to 50 inches thick, over grayish brown 
sandy loam. (Terrie Borosaprists) 

Chilgren--Light-colored, to somewhat poorly 
neutral to slightly acid silt loam or loam, 

over dark grayish brown, slighdy alkaline to neu-
tral clay loam. At 12 to 18 inches the sub-
stratum olive calcareous glacial tilL 
(Typic 

Colvin--Dark-colored, poorly drained, mildly alkaline 
silty loam 10 to 16 inches thick, over olive 
gray, moderately alkaline, lacustrine clay 
loam. 

Cormant-Moderately dark-colored 
poorly drained, neutral 
inches over 

poorly and very 
fine sand about 6 

neutral fine 
sand, The soil occurs on lake and 
outwash plains. Psammaquents) 

Dawson-Dark reddish brown, very drained, ex-
tremely acid mainly moss, over 
herbaceous peat. Below 16 to 50 inches the sedi
ments are grayish brown extremely acid outwash 
sand, A layer of silt loam occurs between the 
and sand in many (Terrie 

alkaline muck or peat 4 
to 16 inches thick, over grayish brown, moder-

alkaline :!:1ne sand or sand. (Histic 
Humaquepts) 

Donaldson-Dark-colored, 
poorly neutral 
14 inches thick over dark 

to somewhat 
fine sandy loam 6 to 

neutral loamy 
alkaline at very fine sand. This becomes 

about 16 inches. At 20 to 40 inches 
abmpdy to olive gray, calcareous lacustrine 
(Aquic Haploborolls) 

well to somewhat ex
slightly acid sandy loam, over 

dark brown neutral sandy loam, grading at 18 to 34 
inches to calcarem.1s gravelly coarse 
outwash sand. (Mollie Eutroboralfs) 

Fargo-Dark-colored, drained, neutral silty clay, 
over dark gray, neutral to mildly alkaline silty 
subsoiL Cracks Y.! to 5 inches wide and fiHed 
surface soH extend into the subsoiL Below 20 to 30 
inches the substratum is olive, calcareous lacus-
trine silty These soils are very sticky and 
plastic. Haplaquolls) 

Flaming-Dark-colored, weB-drained, medium acid 
loamy fine sand 10 to 16 inches over brown
ish medium acid fine sand subsoiL BelovJ 20 to 40 
inches the material is grayish medium acid lacus-



trine fine sand which becomes calcareous below 
40 to 60 inches. (Aquic Haploborolls) 

Flom-Dark-colored, poorly to somewhat poorly drained, 
neutral silty clay loam, over olive gray, mildly 
alkaline clay loam subsoil. The glacial till at 
about 20 inches is olive gray, calcareous loam. 
(Typic Haplaquolls) 

Foldahl-Dark-colored, moderately well-drained, neutral 
sandy loam over dark yellowish brown, neutral 
loamy sand or sand. Below 20 to 40 inches the 
material is grayish brown, moderately alkaline 
loamy glacial till or lacustrine sediment. (Aquic 
Haploborolls) 

Possum-Dark-colored, poorly drained sandy loam, over 
dark gray loamy sand grading to olive gray fine 
sand at about 15 inches. The soils are calcareous 
throughout. (Typic Haplaquolls) 

Games-Light-colored, moderately well-drained neutral 
loam, over dark brown, neutral sandy clay loam 
subsoil. The material below 8 to 20 inches is gray
ish brown, calcareous loamy glacial till. (Aquic 
Eutroboralfs) 

Glyndon-Dark-colored, moderately well to somewhat 
poorly drained loam to very fine sandy loam over 
light yellowish brown loam to very fine sandy 
loam. This grades at about 28 inches to brownish 
gray lacustrine loamy very fine sand. These soils 
are calcareous throughout. (Aerie Calciaquolls) 

Gonvick-Moderately dark-colored, moderately well
drained, neutral loam over dark grayish brown, 
neutral clay loam, 24 to 36 inches thick over the 
olive brown, calcareous loamy glacial till. (Aquic 
Argiborolls) 

Greenwood-Dark brown to dark reddish brown, ex
tremely to very strongly acid, moderately decom
posed herbaceous peat more than 51 inches thick. 
(Typic Borohemists) 

Grimstad-Dark-colored, somewhat poorly drained 
sandy loam 6 to 10 inches thick, over grayish 
brown loamy fine sand, over brownish gray loamy 
glacial till or lacustrine sediments. The soils are 
calcareous throughout. (Aerie Calciaquolls) 

Grygla-Moderately dark-colored, poorly to somewhat 
poorly drained, medium acid fine sand 24 to 40 
inches thick, over calcareous loamy glacial till or 
lacustrine sediments. (Mollie Haplaquents) 

Gudrid-Light-colored, moderately well-drained, medi
um acid lacustrine fine sand 24 to 48 inches thick, 
over calcareous loamy glacial till or lacustrine 
sediments. (Aquic Udorthents) 

Hamar-Dark-colored, poorly to somewhat poorly 
drained, mildly alkaline loamy fine sand 10 to 20 
inches thick, over dark gray to olive gray mildly to 
medium alkaline lacustrine fine sand. (Typic 
Haplaquolls) 

Hangaard-Dark-colored, poorly to somewhat poorly 
drained, mildly alkaline, sandy loam to loamy 
coarse sand 7 to 20 inches thick, over brownish 
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gray calcareous gravelly coarse outwash sand. 
(Typic Haplaquolls) 

Hang-Dark-colored, very poorly drained, neutral peat 4 
to 16 inches thick, over black mildly alkaline 
mucky sandy loam 12 to 20 inches over grayish 
calcareous loam. (Histic Humaquepts) 

Hegne-Dark-colored, poorly drained silty clay, over 
grayish silty clay to clay, over olive gray lacus
trine clay. The soils are calcareous throughout. 
(Typic Calciaquolls) 

Hill City-Light-colored, well to moderately well
drained, medium acid silt loam, over brownish, 
medium acid silt loam subsoil. At about 20 inches 
is a brownish yellow slightly acid to neutral silt 
loam to very fine sandy loam. (Typic Dystro
chrepts) 

Hiwood-Light-colored, moderately well to well-drained, 
medium acid loamy fine sand to fine sand 6 to 12 
inches thick, over brownish yellow, medium acid 
lacustrine fine sand which becomes neutral at 
about 30 inches. (Spodic Udipsamments) 

Indus-Light-colored, poorly drained, slightly acid clay, 
over mildly to moderately alkaline clay subsoil, 
grading at 20 to 35 inches to olive, calcareous 
lacustrine clay to silty clay. (Typic Ochraqualfs) 

Kelsey-Moderately dark-colored, very poorly drained, 
slightly acid silt loam, over olive gray neutral, 
lacustrine silt loam, which becomes calcareous at 
about 40 inches. (Typic Haplaquolls) 

Kinghurst-Light-colored, well-drained, slightly acid 
loamy sand, over yellowish, slightly acid sand. 
This grades at 20 to 40 inches to olive brown, 
calcareous loamy glacial till. (Psammentic Eutro
boralfs) 

Kittson-Dark-colored, moderately well or somewhat 
poorly drained, neutral loam, over dark grayish 
brown, neutral loam. Underlying this at 15 to 30 
inches is olive brown, calcareous, loamy glacial 
till. (Aquic Haploborolls) 

Kratka-Dark-colored, poorly and very poorly drained, 
mildly alkaline loam over grayish brown, mildly 
alkaline sand, over olive gray, calcareous, loamy 
glacial till or lacustrine sediments at 12 to 24 inch
es. (Typic Haplaquolls) 

Langhei-Dark-colored, somewhat excessively drained, 
calcareous loam 5 to 8 inches thick over grayish 
brown, calcareous loamy glacial till. (Typic 
Udorthents) 

Lengby-Light-colored, well-drained, slightly acid loam 
to sandy loam, over yellowish brown, medium 
acid sandy clay loam subsoil. At 24 to 36 inches 
the material is yellowish brown, slightly acid, 
outwash sand. (Typic Eutroboralfs) 

Lohnes-Dark-colored, somewhat excessively drained, 
neutral sandy loam, over brown, mildly alkaline 
loamy sand subsoil. The substratum at 12 to 20 
inches is brownish gray, calcareous coarse sand. 
(U dorthentic Haploborolls) 



neutral 
fine over neutral fine sand subsoiL 
Below 21.!, to 40 i:nches the material is brmvnish 
gray calcareous fine sand. 

sand, 

coarse sand. 
are underlain 

till or silt loam 

well to some'Nhat 
alkaline silt 

over calcareous silt Ioam. At 20 to 40 
inches the material is oli.ve calcare-
ous tilL 

very 
medium acid, moderately 

of wood origin, and more than 51 inches 
thick. (Euic 

Nevvson-Dark-colored and very drained 
sand about 6 inches over dark 

ish brovm sand subsoil 20 to 30 inches 
outwash sand. The soil is 
acid. (Humaquep1:ic 

very poorly drained, ne11trali water 
loam 30 to 50 inches over 

loamy glacial tm. The 
surface 10 inches may be mucky, 
Haplaquolls) 

, somewhat drained!, 
~··'"''""Y add loamy fine sand fine over 
bmwn acid fine sand. At about 36 inches 
the sediments are bmwnisih gray, neutral to 
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or deltaic fine sand. (Aquic 

very 

over dark 
loam having a 

the soil 
loam 

acid to neutral muck about 16 
dark medium acid to neutral 

of 51 inches or more, The fibers are 
derived fron1 herbaceous . (Euic 

ous sih loam 

acid 

Ochra-

mildly a1ka
over brownish cak:are-

at 25 to 40 inches to calcar-
eous silt loam to 

The upper 
day lo2m1 lacustrine sedi

inches may be mucky. 

to somewhat 
si.It loam about 22 inches thick 

over calcareous lacustrine sHt loam. 

calcareous loamy 
bomHs) 

well neutral 
neutrali loam. The ma~ 

inches is 
tilL 

somewhat drained, 
neutral loam, over 
loam subsoil grading into 
30 inches is brown calcareous loose sanoL 

wen and vveH" 
add silty 



Horizontal beds in this Sioux profile indicate the gravels were deposited 
by running water. 

clay to clay subsoil, over calcareous lacustrine 
clay at about 22 inches. (Aquic Eutroboralfs) 

Todd-Light-colored, somewhat excessively drained, 
medium acid sandy loam, over dark brown, 
slightly acid sandy loam to sandy clay loam sub
soil, over brown, calcareous very gravelly coarse 
outwash sand below 18 to 30 inches. (Typic 
Eutroboralfs) 
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Towner-Dark-colored, moderately well-drained, neutral 
sandy loam 16 to 24 inches thick over neutral 
yellowish brown loamy sand. This is over yellow
ish brown, calcareous clay loam to loam glacial till 
at 25 to 36 inches. (Pachic Udic Haploborolls) 

Ulen-Dark-colored, somewhat poorly and moderately 
well-drained loamy fine sand 10 to 20 inches thick, 
over grayish brown loamy fine sand. At about 32 
inches is yellowish fine sand of glacio-lacustrine 
origin. These soils are calcareous throughout. 
(Aerie Calciaquolls) 

Urness-Dark-colored, calcareous, mucky silt loam 30 to 
80 inches, over black calcareous silt loam to silty 
clay loam. (Mollie Fluvaquents) 

Vallers-Dark-colored, poorly drained, calcareous silty 
clay loam, over grayish strongly calcareous clay 
loam grading at about 24 inches to olive gray, 
loamy, calcareous glacial till. (Typic Calcia
quolls) 

Viking-Dark-colored, poorly drained, mildly alkaline 
clay, over olive gray, mildly alkaline clay subsoil. 
Below 20 to 30 inches the substratum is calcare
ous, olive gray, lacustrine clay. (Typic Hapla
quolls) 

Wabanica-Light-colored, poorly and very poorly 
drained, mildly alkaline silty clay, over olive gray, 
calcareous lacustrine clay. (Typic Haplaquepts) 

Wahpeton-Dark-colored, moderately well-drained, 
mildly alkaline silty clay 24 to 60 inches thick. The 
soil commonly has one or more buried surface 
horizon sandwiched between dark gray silty clay 
layers. (Udertic Haploborolls) 

Warba-Light-colored, moderately well-drained, medi
um to slightly acid loam, over yellowish brown, 
medium acid, heavy clay loam. Below about 40 
inches the material is grayish brown neutral clay 
loam glacial till which becomes calcareous at 
about 54 inches. (Glossic Eutroboralfs) 

Waukon-Moderately dark-colored, well-drained, neu
tral loam, over brownish, neutral clay loam. 
Underlying at 20 to 32 inches is olive brown, 
calcareous loam glacial till. (Mollie Eutroboralfs) 

Wheatville-Dark-colored, somewhat poorly and moder
ately well-drained, mildly alkaline loam to silt 
loam over brownish, calcareous very fine sandy 
loam. At 20 to 40 inches is grayish brown, calcare
ous, lacustrine silty clay or clay. (Aerie Calcia
quolls) 

Wildwood-Dark-colored, very poorly drained, slightly 
acid peat or muck up to 12 inches thick, over dark 
gray, neutral to slightly acid silty clay or clay. 
(Histic Humaquepts) 

Winger-Dark-colored, somewhat poorly to poorly 
drained light silty clay loam to silt loam, over olive 
gray silt loam, over olive gray loamy glacial till at 
24 to 40 inches. (Typic Calciaquolls) 



A~1pendi!{ B 
!fie~<":l'ailt ©f iSJWI'l<! wit~liii l!lr i]flli"~$ 11li1l OC:Illnulti®§, ft!l11 '!he 
illi~E~oi!lhilji S!]~!Elt IJauin@ illl®t:B~ii'Blrui :sOlii ::mnJeys as ©i Jlillf 1, 1!li19. 

Becker .... 0 0 0 •• 0 •• 0 0 0 0 ••• 0 •••• 0 • 0 •• 0 0 •••• 0 0 • 0 0 19 

Beltrami 

Cass 

5 

3 

Clay .. 0 •••• 0 •••••••••• 0 0 •• 0 • 0 • 0 •••• 0 0 •• 0 ••••• 0 100 

Clearv1ater ... 0 •••• 0 •• 0 • 0 0 ••• 0 • 0 0 • 0 •••••••• 0 • • 4 

Hubbard . 0 0 •• , • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 2 

Itasca . 0. 0 0 0 •• 0 0 •••••• 0 0 •• 0. 0 0 0 0 0. 0 0 0 0 •• 0 ••• 0 0 90 

7 

Mahnomen 0 • 0 ••• 0 •• 0 0 0 0 •• 0 0 0 0 •• 0 0 0 •• 0 • 0 • 0 •• 0 • • 8 

l\Tonnan .. 0 0 0 • 0 0 0 •• 0 • 0 • 0. 0 • 0 0 0 • 0 • 0 • 0 • 0 •• 0 • 0 • 0 0. liOO 

Pennington ... 0 0 0 0 •• 0 0 0 0 •• 0 • 0 0 • 0 0 ••• 0 0 ••••• 0 • 0 0 90 

Polk . 0 • 0 0 •••• 0 0 •• 0 • 0 ••• 0 •• 0 ••• 0 • 0 0 • 0 0 •••• 0 ••• 0 13 

Red! Lake . 0 0 0 0 •• 0 ••• 0 •• 0 •••••• 0 • 0 ••••••• 0 •••• 0 9 

strata. 

Calcareous~Iviaterial 
carbonate. 

'lvater 

a high 

sand and gravel 

of lime 

Cretaceous~Shale deposits underlying the glacial drift. 

Delta-Material streams a lake 
from the land. 

Drumlin-A strearnlined hill of glacial drift 
with the axis parallel to the direction of the 

Esker-A ridge of sand and gmvd deposited by a sub-
stream fn an ice tunnel. 

subsoil somewhat or ce-
rnented, which restricts downvvard movement of 
water. 

Ground moraine--Glacial debris chiefly of un· 
sorted material that occms in wide areas and has a 

irregular smface. The debris is deposited 
underneath and at the margin of a glacier during 
the acdve recession of the ice sheet. 

lee contact-Outwash material laid down vvhere one side 
was fixed! presence of ice. 

Kame-A rounded hill or ridge of origin 
composed of gravel and sand. 

Knob and signified by 
a series of knoHs 

Lacustrine-Deposits formed on the bottom of lakes. 

Limy-See calcareous 0 

lVlelt water-The 'Nater which flows on, in, or out of a 
glacier. 

Moraine--UnconsolLdated rock. and mineral debris de-
posited by ice. It consists of a 
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~leter·oQ;eneo,1LilS mass of unsorted nnaterial, but that 
glacial mdt water is sorted. See also 

rnoraine and tem11i.naJ. moraine. 

Nat/Hal Drainage-The conditions that existed the 
development of the soiJ, as to altered 

which is result of artificial 
or irrigation, but may be caused the 

sudden deepening of channels or the u"-'"''·uu1;; 

outlets. Six classes of natural 
are recognized in this report. nl'•'-'"-:'>M 

soils are commonly very 
meable and 

intermediate texture. 

have 
a in or im-
mediately the rooting zone, They have 
uniform color in the upper zone and are 
mottled below 16 to 20 inches. 

Somewhat drained soi1s are wet for 
significant mottled 
below a of 6 to 16 inches. drained 
soils are vvet for longer periods. They are dark 

or black and are moWed 1;vithin a 
of 18 inches. In smne mottling rnay be 

or neady absent, but the subsoil is umi-
formliy 'Very poorly drained soils are wet 

the time. They have a dark gray or black 
surface and are gmy or light witl.1 or 
without rnottling in the rooting zone the 
surface soiL 

Outwash plain formed 
and stratified material 

deposition of sorted 
glacial melt waters. 

Peat-A dark brovvn or black residuum 
partial of 

Permeability-The of the soil to transmit air or 
vvatero 

Pitted outwash 
and gravel and 
melting of enclosed ice 

Reaction-The degree of acidity or of soH ex-· 
in pH values or in words as 

pH 
Extremely add . 0 •••••••• 0 0 0 • 0 ••• 0 0 belovv 4.5 

acid . 0 •• 0 • 0 0 • 0 • 0 •••• 0 •• 4.5-5.0 
••••••••oo 0000000000000501-505 

Medium acid .. 0 ••••••••••••••••••• 0. 5.6-6.0 
Slightiy acid ... 0 •••••••••••••••••• 0 • 6.1-6.5 
Neutral ... 0 ••••••••• 0 ••••••• 0 0 0 •• 0 •• 6.6-703 

Mildly alkaline ... 0 0. 0 •••••••••• 0 0 ••• 7.4-7.8 
alkaline ......... 0 ••••• 0 0. 7.9-8.4 

• • 0 , 0 0 0 0 0 0 0 0 0 0 • 0 0 0 0 • 8.5~9.0 

strongly alkaline ..... 0 • 0 • 9.li and higher 

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

Slickensides-Polis!hed and grooved surfaces produced 
one mass sliding past another. Common in 



mg that have marked '"'"''-""'"'~'~ in moistme 
content. 

, the part of the soil 
subsurface and the substratum. 

between the 

Substratum-A layer be:neath the subsoil consisting of 
material from wh.ich soils ·were formed, or fre
quently of dissimilar materials. 

layer belovv the surface soil 
ranging from 6 to 12 inches thick. 

soil-Ordinarily the or the surface 5 to 
12 inches. 

old sandy and alluvial 
level or level bordering a 

but seldom subject to overflow. 

soil-The relative proportions of sand, silt, and 
day in a mass of soiL The basic textural 
dasses, in order of increasing of fine 

as related to the three classes med in this 
follow: 

silty and 
clayo 

Terminal moraine-Gladal debris heaped in the form of a 
belt or zone of hills and basins at the terminus or 
margin of a 
of the ice 

. It marks the maximum extent 
advance, 

Till--Unstratified and unsorted glacial drift r~o~.~Q;•~r~ di
by a glacier. 

Till 
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6. Calcareous loamy till deposited by the Des Moines lobe is the dominant surface material of the 
Fergus Falls Till Plain (2), the Fosston Till Plain (2AI. and the Alexandria Moraine Complex (3). 
7. Light-colored materials are often exposed when soil landscape unit LLWL is cleared of forest 
vegetation and plowed for agriculture. 8. Black spruce and tamarack are the most common tree 
species on forested peat bogs in the Agassiz Lacustrine Plain, Red Lake Area (10). 9. Operating a 
hydraulic probe to obtain an undisturbed core which is used by the soil scientist to classify and 
map the soil. 10. A core sample showing varves of clay, silt, and very fine sand at depths of 5 to 7 
feet in the Agassiz Lacustrine Plain, Red River Valley Area (1). 




