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Table B1. Descriptive soil legend for soils mapped along the Sheyenne River Valley in Benson, Wells, Eddy, Nelson, Griggs, Steele, Barnes, Ransom, Richland, and Cass Counties, North

Dakota.
Soil Survey Area  [Soil Survey Name Map Unit Symbol [Map Unit Name Major Soil Series Percentage | Drainage Class Sequence Taxonomic Classification Minor Inclusions Percent Hydric
Component Composition (Major Number (Major Composition
Component) Component)
NDO003 Barnes County 2 Tonka Silt Loam Tonka 80 P 1 Argiaquic Argialbolls, Fine, Montmorillonitic, Frigid Vallers 12 Y
Parnell 4 Y
Hamerly 4 N
NDO003 Barnes County 36 Fargo Silty Clay Fargo 90 P 1 Typic Epiaquerts, Fine, Montmorillonitic, Frigid Dovray 5 Y
Lismore 3 N
Ryan 2 Y
NDO003 Barnes County 43 Gardena Silt Loam Gardena 90 MwW 1 Pachic Udic Haploborolls, Coarse-Silty, Mixed Egeland 4 N
Glyndon 3 N
Overly 3 N
NDO003 Barnes County 54 Lamoure Silt Loam, Channeled Lamoure 80 P 1 Cumulic Endoaquolls, Fine-Silty, Mixed (Calcareous), Frigid Colvin Channeled 9 Y
Marysland 6 Y
Rauville 3 Y
Colvin, Saline 2 Y
NDO003 Barnes County 56 Ladelle Silty Clay Loam Ladelle 75 MW 1 Cumulic Udic Haploborolls, Fine-Silty, Mixed Fairdale 18 N
Sinali 5 N
Lamoure 2 Y
NDO003 Barnes County 62 Overly-Bearden Silty Clay Overly 73 MW 1 Pachic Udic Haploborolls, Fine-Silty, Mixed Gardena 3 N
Loams
Fordville 2 N
Bearden 22 SP 2 Aeric Calciaquolls, Fine-Silty, Frigid Gardena 3 N
Fordville 2 N
NDO003 Barnes County 82 Sinai Silty Clay Loam, 0 To 2 Sinai 80 MW, W 1 Typic Hapluderts, Fine, Montmorillonitic, Frigid Nutley 18 N
Percent Slopes
Ladelle 2 N
NDO003 Barnes County 82B Sinai Silty Clay Loam, 2 To 6 Sinali 80 MW, W 1 Typic Hapluderts, Fine, Montmorillonitic, Frigid Edgeley 10 N
Percent Slopes
Nutley 10 N
NDO003 Barnes County 85 Exline Silty Clay Loam Exline 80 SP 1 Leptic Natriborolls, Fine, Montmorillonitic Overly 10 N
Nahon 10 N
NDO003 Barnes County 89 Fordville Loam, 0 To 3 Percent Fordville 85 w 1 Pachic Udic Haploborolls, Fine-Loamy Over Sandy Or Sandy- Divide 7 N
Slopes Skeletal, Mixed
Gardena 5 N
Glyndon 3 N
NDO003 Barnes County 9 Nutley Silty Clay, 0 To 2 Percent Nutley 95 w 1 Chromic Hapluderts, Fine, Montmorillonitic, Frigid Fargo 5 Y
Slopes
NDO003 Barnes County 90 Dovray Silty Clay Dovray 85 P,VP 1 Cumulic Vertic Epiaquolls, Fine, Montmorillonitic, Frigid Fargo 9 Y
Hegne 6 Y
NDO003 Barnes County 9B Nutley Silty Clay, 2 To 6 Percent Nutley 95 W 1 Chromic Hapluderts, Fine, Montmorillonitic, Frigid Edgeley Var. 3 N
Slopes
Fargo 2 Y
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Table B1. Descriptive soil legend for soils mapped along the Sheyenne River Valley in Benson, Wells, Eddy, Nelson, Griggs, Steele, Barnes, Ransom, Richland, and Cass Counties, North

Dakota.

Soil Survey Area

Soil Survey Name

Map Unit Symbol

Map Unit Name Major Soil Series

Component

Percentage
Composition

Drainage Class
(Major
Component)

Sequence
Number (Major
Component)

Taxonomic Classification

Minor Inclusions

Percent
Composition

Hydric

NDO039

Griggs County

1062

Ladelle Silty Clay Loam, 0 To 3 Ladelle
Percent Slopes

67

w

1

Cumulic Udic Haploborolls, Fine-Silty, Mixed

Wahpeton

Laprairie
Ludden
Rauville

Velva

Lamoure

15

2

NDO039

Griggs County

1188

Ludden Silty Clay Ludden

87

Typic Endoaquerts, Fine, Montmorillonitic, Frigid

Ludden, Saline
Ladelle
Rauville
Lamoure

P N M~ OIPDN DB

NDO039

Griggs County

1189

Ludden Silty Clay, Saline Ludden

64

Typic Endoaquerts, Fine, Montmorillonitic, Frigid

Ludden, Nonsaline
Ryan
Lamoure
Ladelle
Rauville

NDO039

Griggs County

1710

Southam Silty Clay Loam Southam

79

VP

Cumulic Vertic Endoaquolls, Fine, Montmorillonitic (Calcareous),
Frigid

Parnell

Vallers
Water
Colvin, Vpd
Colvin, Saline

<[<z<<<«|<x<z<«|xz<x<2z

NDO039

Griggs County

2156

Lamoure And Rauville Silt Lamoure

Loams

62

Cumulic Endoaquolls, Fine-Silty, Mixed (Calcareous), Frigid

Velva

Marysland
Divide
Harriet
Vallers

Fairdale

Wk, NN O

z|l< < < <

Rauville

28

VP

Cumulic Endoaquolls, Fine-Silty, Mixed (Calcareous), Frigid

Marysland
Velva
Fairdale
Harriet
Vallers
Divide

NDO039

Griggs County

2196

Bearden And Colvin Silt Loams, Bearden
Saline

35

SP

Aeric Calciaquolls, Fine-Silty, Frigid

Bearden, Nonsaline

Colvin, Nonsaline
Harriet
Exline
Perella

Colvin Saline, Vpd

[ N e N L

ZlIZ2 <K K Z2Z2<K|Z2<x=<x2Z2<<

Colvin

47

Typic Calciaquolls, Fine-Silty, Frigid

Bearden, Nonsaline
Colvin, Nonsaline
Exline
Harriet
Colvin Saline, Vpd
Perella

P P NN OO P NDNA
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Table B1. Descriptive soil legend for soils mapped along the Sheyenne River Valley in Benson, Wells, Eddy, Nelson, Griggs, Steele, Barnes, Ransom, Richland, and Cass Counties, North

Dakota.

Soil Survey Area

Soil Survey Name

Map Unit Symbol

Map Unit Name

Major Soil Series
Component

Percentage
Composition

Drainage Class
(Major
Component)

Sequence
Number (Major
Component)

Taxonomic Classification

Minor Inclusions

Percent
Composition

Hydric

NDO073

Ransom County

1043

La Prairie Loam

La Prairie

80

MwW

1

Cumulic Udic Haploborolls, Fine-Loamy, Mixed

Fairdale
Fordville
Laprairie, Channeled
Rauville

=
N

NDO073

Ransom County

1055

Ladelle Silt Loam

Ladelle

91

MwW

Cumulic Udic Haploborolls, Fine-Silty, Mixed

Lamoure
Laprairie
Ladelle, Channeled
Rauville

NDO073

Ransom County

1081

Lamoure Silt Loam

Lamoure

81

Cumulic Endoaquolls, Fine-Silty, Mixed (Calcareous), Frigid

Colvin
Marysland
Lamoure, Channeled
Darnen
Ladelle
Rauville

P NN B DSOOIFRP NN BMPEP WD

NDO73

Ransom County

1472

Rauville Silty Clay Loam

Rauville

80

VP

Cumulic Endoaquolls, Fine-Silty, Mixed (Calcareous), Frigid

Marysland
Lamoure

N
g ;

NDO073

Ransom County

2215

Fairdale Loam, O To 6 Percent
Slopes

Fairdale

81

MwW

Mollic Udifluvents, Fine-Loamy, Mixed (Calcareous), Frigid

Laprairie

Ladelle
Fairdale, Channeled

=
w

Zl[< <|<xzz<x<<«|<xzz<[<x<z2z2

z 2z

NDO073

Ransom County

772

Gardena-Eckman Loams, 0 To 3 Gardena

Percent Slopes

60

MW

Pachic Udic Haploborolls, Coarse-Silty, Mixed

Overly

Zell
Glyndon

~N|w

pd

Eckman

27

Udic Haploborolls, Coarse-Silty, Mixed

Overly
Glyndon
Zell

W W N|w w

Z2zZ2 Z|Z2 2
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Table B1. Descriptive soil legend for soils mapped along the Sheyenne River Valley in Benson, Wells, Eddy, Nelson, Griggs, Steele, Barnes, Ransom, Richland, and Cass Counties, North

Dakota.

Soil Survey Area

Soil Survey Name

Map Unit Symbol

Map Unit Name

Major Soil Series
Component

Percentage
Composition

Drainage Class
(Major
Component)

Sequence
Number (Major
Component)

Taxonomic Classification

Minor Inclusions

Percent
Composition

Hydric

NDO091

Steele County

1062

Ladelle Silty Clay Loam, 0 To 3

Percent Slopes

Ladelle

76

w

1

Cumulic Udic Haploborolls, Fine-Silty, Mixed

Laprairie

Wahpeton
Dovray
Rauville

Velva
Lamoure

2

NDO091

Steele County

2156

Lamoure And Rauville Silt

Loams

Lamoure

60

Cumulic Endoaquolls, Fine-Silty, Mixed (Calcareous), Frigid

Colvin

Marysland
Fairdale
Vallers

Divide

Bl W B~ DD

<[<z <<z

Rauville

28

VP

Cumulic Endoaquolls, Fine-Silty, Mixed (Calcareous), Frigid

Colvin
Marysland
Fairdale
Divide
Vallers

NDO091

Steele County

2158

Velva Fine Sandy Loam, 0 To 6

Percent Slopes

Velva

84

Fluventic Haploborolls, Coarse-Loamy, Mixed

Laprairie

Banks
Fairdale
Lamoure, Channeled

Ol P N A BDPFP PN

ZIk 2 zZ2 < K|Z2<x 2 <<

NDO091

Steele County

452

Colvin Silt Loam, Saline

Colvin

81

Typic Calciaquolls, Fine-Silty, Frigid

Arveson, Saline
Bearden, Saline
Ojata
Tiffany
Borup, Saline
Kratka, Saline

P R w b oOgFLr N O
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Table B1. Descriptive soil legend for soils mapped along the Sheyenne River Valley in Benson, Wells, Eddy, Nelson, Griggs, Steele, Barnes, Ransom, Richland, and Cass Counties, North

Dakota.

Soil Survey Area

Soil Survey Name

Map Unit Symbol

Map Unit Name

Major Soil Series
Component

Percentage
Composition

Drainage Class
(Major
Component)

Sequence
Number (Major
Component)

Taxonomic Classification

Minor Inclusions

Percent
Composition

Hydric

ND103

Wells County

Cp

Colvin And Laprairie Soils

Colvin

40

P

1

Typic Calciaquolls, Fine-Silty, Frigid

Lamoure
Marysland
Borup

Laprairie

40

MwW

Cumulic Udic Haploborolls, Fine-Loamy, Mixed

Lamoure
Marysland
Borup

ND103

Wells County

Cs

Colvin Soils, Very Poorly
Drained

Colvin

95

VP

Typic Calciaquolls, Fine-Silty, Frigid

Dimmick

Parnell

Wl o Ol O ©

<< < <|< < <

ND103

Wells County

Ex

Exline Soils

Exline

85

SP

Leptic Natriborolls, Fine, Montmorillonitic

Aberdeen
Heimdal
Emrick
Larson

ND103

Wells County

LaA

Ladelle Silt Loam, Level

Ladelle

92

MwW

Cumulic Udic Haploborolls, Fine-Silty, Mixed

Marysland
Lamoure
Colvin

N W WD w b o|N

ND103

Wells County

Ld

Lamoure And Divide Soils,
Channeled

Lamoure

45

Cumulic Endoaquolls, Fine-Silty, Mixed (Calcareous), Frigid

Colvin

Marysland
Ladelle

=
o

<< < <z z z z|<

z <

Divide

30

SP,MW

Aeric Calciaquolls, Fine-Loamy Over Sandy Or Sandy-Skeletal,
Frigid

Colvin

Marysland
Ladelle

=
o

<

ND103

Wells County

Le

Lamoure-Exline Complex

Lamoure

65

Cumulic Endoaquolls, Fine-Silty, Mixed (Calcareous), Frigid

Ladelle

Divide

Colvin
Laprairie

Exline

20

SP

Leptic Natriborolls, Fine, Montmorillonitic

Ladelle
Divide
Laprairie
Colvin

W W s Jaw w > 0N o
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Table B1. Descriptive soil legend for soils mapped along the Sheyenne River Valley in Benson, Wells, Eddy, Nelson, Griggs, Steele, Barnes, Ransom, Richland, and Cass Counties, North

Dakota.

Soil Survey Area

Soil Survey Name

Map Unit Symbol

Map Unit Name

Major Soil Series
Component

Percentage
Composition

Drainage Class
(Major
Component)

Sequence
Number (Major
Component)

Taxonomic Classification

Minor Inclusions

Percent
Composition

Hydric

ND602

Cass County Area

10

Fargo-Ryan Silty Clays

Fargo

47

P

1

Fine, Montmorillonitic, Frigid Typic Epiaquerts

Nahon
Enloe
Dovray

Ryan

30

Fine, Montmorillonitic, Frigid Typic Natraquerts

Nahon
Dovray
Enloe

Hegne

10

Fine, Montmorillonitic, Frigid Typic Calciaquerts

Nahon
Dovray
Enloe

ND602

Cass County Area

24

Cashel Silty Clay

Cashel

75

SP

Fine, Frigid Aquertic Udifluvents

Wahpeton
Fairdale
Hegne

Fargo

10

Fine, Montmorillonitic, Frigid Typic Epiaquerts

Wahpeton
Fairdale
Hegne

ND602

Cass County Area

25

Cashel Silty Clay, Channeled

Cashel

75

SP

Fine, Frigid Aquertic Udifluvents

Wahpeton
Fairdale
Hegne

Fargo, Channeled

10

Fine, Montmorillonitic, Frigid Typic Epiaquerts

Wahpeton

Fairdale
Hegne

CIN 01 O|N 01 O 01 ol » Ol M Ol b O

Z|< Z2 ZIK Z2 Z2|IK Z2 ZIK <K ZIK <K ZIx =<K 2Z2

< 2

ND602

Cass County Area

35

Fairdale Silt Loam, 1 To 3
Percent Slopes

Fairdale

80

MW

Fine-Loamy, Mixed (Calcareous), Frigid Mollic Udifluvents

Cashel

Fargo
Hegne

alinNn o

2

Ladelle

10

MwW

Fine-Silty, Mixed, Frigid Cumulic Udic Haploborolls

Cashel
Fargo
Hegne

ND602

Cass County Area

37

Fargo Silty Clay, Depressional

Fargo

76

Fine, Montmorillonitic, Frigid Typic Epiaquerts

Enloe

Dovray
Ryan
Cashel
Wahpeton

N W O W

<< < z[< <

Hegne

10

Fine, Montmorillonitic, Frigid Typic Calciaquerts

Enloe
Dovray
Ryan
Wahpeton
Cashel

ND602

Cass County Area

38

Fargo Silty Clay Loam

Fargo

68

Fine, Montmorillonitic, Frigid Typic Epiaquerts

Overly
Dovray
Ryan

Hegne

10

Fine, Montmorillonitic, Frigid Typic Calciaquerts

Dovray
Overly
Ryan

ND602

Cass County Area

38

Fargo Silty Clay Loam

Fargo Sic

10

Fine, Montmorillonitic, Frigid Typic Epiaquerts

Dovray
Overly
Ryan

N O g o g o Ol PN OO RN O
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Table B1. Descriptive soil legend for soils mapped along the Sheyenne River Valley in Benson, Wells, Eddy, Nelson, Griggs, Steele, Barnes, Ransom, Richland, and Cass Counties, North

Dakota.

Soil Survey Area

Soil Survey Name

Map Unit Symbol

Map Unit Name

Major Soil Series
Component

Percentage
Composition

Drainage Class
(Major
Component)

Sequence
Number (Major
Component)

Taxonomic Classification

Minor Inclusions

Percent
Composition

Hydric

ND602

Cass County Area

Perella Silty Clay Loam

Perella

68

P

1

Fine-Silty, Mixed, Frigid Typic Epiaquolls

Bearden
Colvin
Colvin, Saline
Dovray
Lindaas

ND602

Cass County Area

a7

Fargo Silty Clay, Smooth

Surface

Fargo

85

Fine, Montmorillonitic, Frigid Typic Epiaquerts

Hegne

Wahpeton
Ryan
Cashel

|l A N 0 ©

<< <=<=<z

ND602

Cass County Area

Dovray Silty Clay

Dovray

63

VP

Fine, Montmorillonitic, Frigid Cumulic Vertic Epiaquolls

Fargo
Hegne

Ludden

12

Fine, Montmorillonitic, Frigid Typic Endoaquerts

Fargo
Hegne

Fargo

10

Fine, Montmorillonitic, Frigid Typic Epiaquerts

Fargo
Hegne

ND602

Cass County Area

55

Ladelle Silty Clay Loam

Ladelle

80

MW

Fine-Silty, Mixed, Frigid Cumulic Udic Haploborolls

Cashel
Fairdale
Overly
Faifdale, Var
Hegne
Lamoure

ND602

Cass County Area

57

Fairdale Silt Loam, Channeled

Fairdale

80

MW

Fine-Loamy, Mixed (Calcareous), Frigid Mollic Udifluvents

Ladelle

Fargo
Hegne

GIND N W w o oo

zZl<x <z zzz|l< <|<x <|<x <[z < =z

Cashel

10

SP

Fine, Frigid Aquertic Udifluvents

Ladelle
Fargo
Hegne

ND602

Cass County Area

59

Overly Silty Clay Loam, 0 To 3

Percent Slopes

Overly

75

MwW

Fine-Silty, Mixed, Frigid Pachic Udic Haploborolls

Perella

Great Bend
Fargo
Hegne

N W O W

Bearden

10

SP

Fine-Silty, Frigid Aeric Calciaquolls

Great Bend
Perella
Fargo
Hegne

<< < z[< <

ND602

Cass County Area

61

Perella-Bearden Silty Clay

Loams

Perella

47

SP

Fine-Silty, Mixed, Frigid Typic Epiaquolls

Overly

Enloe

g w o g w O

Zl[< <<z <<z

Bearden

28

SP

Fine-Silty, Frigid Aeric Calciaquolls

Colvin
Overly
Enloe

Lindaas

10

Fine, Montmorillonitic, Frigid Typic Argiaquolls

Overly
Enloe
Colvin

ND602

Cass County Area

62

Devils Lake Salinity Study: Sheyenne Valley
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Table B1. Descriptive soil legend for soils mapped along the Sheyenne River Valley in Benson, Wells, Eddy, Nelson, Griggs, Steele, Barnes, Ransom, Richland, and Cass Counties, North

Dakota.
Soil Survey Area  [Soil Survey Name Map Unit Symbol [Map Unit Name Major Soil Series Percentage | Drainage Class Sequence Taxonomic Classification Minor Inclusions Percent Hydric
Component Composition (Major Number (Major Composition
Component) Component)
Colvin 5 Y
Bearden 30 SP 2 Fine-Silty, Frigid Aeric Calciaquolls Fargo 5 Y
Colvin 5 Y
Perella 10 P 3 Fine-Silty, Mixed, Frigid Typic Epiaquolls Colvin 5 Y
Fargo 5 Y
ND602 Cass County Area 72 Wahpeton Silty Clay Wahpeton 80 MW 1 Fine, Montmorillonitic, Frigid Typic Hapluderts Nutley 5 N
Fargo 5 Y
Cashel 10 SP 2 Fine, Frigid Aquertic Udifluvents Nutley 5 N
Fargo 5 Y
ND602 Cass County Area 73 Rauville Silty Clay Loam Rauville 80 VP 1 Fine-Silty, Mixed (Calcareous), Frigid Cumulic Endoaquolls
Colvin, Saline 10 P 2 Fine-Silty, Frigid Typic Calciaquolls
Lamoure 10 P 3 Fine-Silty, Mixed (Calcareous), Frigid Cumulic Endoaquolls
ND602 Cass County Area 85 Fairdale Variant Silt Loam Fairdale Variant 68 MW 1 Fine-Loamy Over Clayey, Mixed (Calcareous), Frigid Mollic Fargo 7 Y
Udifluvents
Hegne 5 Y
Fairdale 10 MW 2 Fine-Loamy, Mixed (Calcareous), Frigid Mollic Udifluvents Fargo 7 Y
Hegne 5 Y
Ladelle 10 MW 3 Fine-Silty, Mixed, Frigid Cumulic Udic Haploborolls Fargo 7 Y
Hegne 5 Y
ND602 Cass County Area 9C Nutley-Fargo Silty Clays, 1 To 9 Nutley 35 W 1 Fine, Montmorillonitic, Frigid Chromic Hapluderts Hegen 10 Y
Percent Slopes
Ludden 5 Y
Fargo 32 P 2 Fine, Montmorillonitic, Frigid Typic Epiaquerts Hegen 10 Y
Ludden 5 Y
Wahpeton 18 MW 3 Fine, Montmorillonitic, Frigid Typic Hapluderts Hegen 10 Y
Ludden 5 Y
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Table B1. Descriptive soil legend for soils mapped along the Sheyenne River Valley in Benson, Wells, Eddy, Nelson, Griggs, Steele, Barnes, Ransom, Richland, and Cass Counties, North

Dakota.
Soil Survey Area  |Soil Survey Name Map Unit Symbol |Map Unit Name Major Soil Series Percentage | Drainage Class Sequence Taxonomic Classification Minor Inclusions Percent Hydric
Component Composition (Major Number (Major Composition
Component) Component)
ND603 Benson County Area 131D Miranda Variant Loam, 3 To 15 Miranda Variant 85 w 1 Leptic Natriborolls, Fine, Montmorillonitic Parnell 4 Y
Percent Slopes
Darnen 4 N
Esmond 3 N
Tonka 2 Y
Larson 2 N
ND603 Benson County Area 75 Ryan Silty Clay Ryan 85 P 1 Typic Natraquerts, Fine, Montmorillonitic, Frigid Lamoure 9 Y
Rauville 6 Y
ND603 Benson County Area 78 Ladelle-Aberdeen Silt Loams Ladelle 60 MW 1 Cumulic Udic Haploborolls, Fine-Silty, Mixed Lamoure 5 Y
Ryan 4 Y
Gardena 4 N
Colvin 2 Y
Aberdeen 25 MW 2 Glossic Udic Natriborolls, Fine, Montmorillonitic Lamoure 5 Y
Gardena 4 N
Ryan 4 Y
Colvin 2 Y
ND603 Benson County Area 83 Ladelle Silt Loam Ladelle 93 MW 1 Cumulic Udic Haploborolls, Fine-Silty, Mixed Lamoure 7 Y
ND603 Benson County Area 85 Lamoure Silt Loam Lamoure 85 P 1 Cumulic Endoaquolls, Fine-Silty, Mixed (Calcareous), Frigid Ladelle 8 N
Laprairie 7 N
ND603 Benson County Area 86 Ladelle Silt Loam, Channeled Ladelle 80 MW 1 Cumulic Udic Haploborolls, Fine-Silty, Mixed Colvin, Channeled 8 Y
Lamoure, Channeled 5 Y
Marysland, Channeled 4 Y
Rauville 3 Y
ND603 Benson County Area 9 Rauville Silt Loam Rauville 90 VP 1 Cumulic Endoaquolls, Fine-Silty, Mixed (Calcareous), Frigid Lamoure 6 Y
Ladelle 4 N
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Table B1. Descriptive soil legend for soils mapped along the Sheyenne River Valley in Benson, Wells, Eddy, Nelson, Griggs, Steele, Barnes, Ransom, Richland, and Cass Counties, North

Dakota.

Soil Survey Area

Soil Survey Name

Map Unit Symbol

Map Unit Name

Major Soil Series
Component

Percentage
Composition

Drainage Class
(Major
Component)

Sequence
Number (Major
Component)

Taxonomic Classification

Minor Inclusions

Percent
Composition

Hydric

ND605

Benson, Eddy, Nelson
Counties

Bo

Borup And Marysland Silt
Loams, Very Wet

Borup

45

VP

1

Typic Calciaquolls, Coarse-Silty, Frigid

Borup

Divide
Glyndon
Marysland
Totten

<

Marysland

40

VP

Typic Calciaquolls, Fine-Loamy Over Sandy Or Sandy-Skeletal,
Frigid

Borup

Divide
Glyndon
Marysland
Totten

N N W W

<< <z z

ND605

Benson, Eddy, Nelson
Counties

Cn

Cavour-Cresbard Loams

Cavour

45

MwW

Udic Natriborolls, Fine, Montmorillonitic

Vallers

Svea
Hamerly
Parnell
Tonka

DN N W W

Cresbard

35

MwW

Glossic Udic Natriborolls, Fine, Montmorillonitic

Vallers
Svea
Hamerly
Parnell
Tonka

<[< <z =z

ND605

Benson, Eddy, Nelson
Counties

Ed

Edgeley Loam, Gravelly Variant

Edgeley Variant

83

Udic Haploborolls, Fine-Loamy, Mixed

Edgeley Var. /Bedrock

Edgeley
Renshaw
Barnes
Svea Var.

AN W DA O OIN WA O

ZIk K Z2zZ2<Kk<Kxk=<x2Z2Z2

ND605

Benson, Eddy, Nelson
Counties

Glyndon Loam, Saline

Glyndon

82

MW,SP

Aeric Calciaquolls, Coarse-Silty, Frigid

Borup

Lallie
Glyndon, Nonsaline
Gardena

DN W b BN

<|lZz2z 22

ND605

Benson, Eddy, Nelson
Counties

Hc

Hamar Coarse Sandy Loam

Hamar

80

SP

Typic Endoaquolls, Sandy, Mixed, Frigid

Fossum

Venlo
Lohnes
Hamar SI, Pd
Wyrene
Arveson

alw ~ O

<|Z2 Zz <

NDG605

Benson, Eddy, Nelson
Counties

La

Ladelle Silty Clay Loam

Ladelle

85

MW

Cumulic Udic Haploborolls, Fine-Silty, Mixed

Lamoure Channeled

Laprairie

OIN N W b BN

<<z <z <

ND605

Benson, Eddy, Nelson
Counties

Le

Lamoure Silty Clay Loam

Lamoure

84

Cumulic Endoaquolls, Fine-Silty, Mixed (Calcareous), Frigid

Lamoure, Saline

Ladelle
Ludden
Lallie Vpd

<|Z2

<
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Table B1. Descriptive soil legend for soils mapped along the Sheyenne River Valley in Benson, Wells, Eddy, Nelson, Griggs, Steele, Barnes, Ransom, Richland, and Cass Counties, North

Dakota.
Soil Survey Area  |Soil Survey Name Map Unit Symbol |Map Unit Name Major Soil Series Percentage | Drainage Class Sequence Taxonomic Classification Minor Inclusions Percent Hydric
Component Composition (Major Number (Major Composition
Component) Component)
ND605 Benson, Eddy, Nelson Lm Lamoure Silty Clay Loam, Saline Lamoure 85 P 1 Cumulic Endoaquolls, Fine-Silty, Mixed (Calcareous), Frigid Ladelle 7 N
Counties
Lamoure, Nonsaline 5 Y
Ryan 3 Y
ND605 Benson, Eddy, Nelson Ln La Prairie Silt Loam La Prairie 85 MwW 1 Cumulic Udic Haploborolls, Fine-Loamy, Mixed Lamoure 7 Y
Counties
Ladelle 5 N
Walsh 3 N
ND605 Benson, Eddy, Nelson Lp La Prairie-Lamoure Complex La Prairie 40 MW 1 Cumulic Udic Haploborolls, Fine-Loamy, Mixed Ladelle 6 N
Counties
Rauville 6 Y
Lamoure, Saline 5 Y
Ludden 3 Y
Lamoure 40 P 2 Cumulic Endoaquolls, Fine-Silty, Mixed (Calcareous), Frigid Rauville 6 Y
Ladelle 6 N
Lamoure, Saline 5 Y
Ludden 3 Y
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Table B1. Descriptive soil legend for soils mapped along the Sheyenne River Valley in Benson, Wells, Eddy, Nelson, Griggs, Steele, Barnes, Ransom, Richland, and Cass Counties, North

Dakota.
Soil Survey Area  [Soil Survey Name Map Unit Symbol [Map Unit Name Major Soil Series Percentage | Drainage Class Sequence Taxonomic Classification Minor Inclusions Percent Hydric
Component Composition (Major Number (Major Composition
Component) Component)
ND605 Benson, Eddy, Nelson Lu Letcher Sandy Loam, Till Letcher 80 SP,MW 1 Udic Natriborolls, Coarse-Loamy, Mixed Embden 6 N
Counties Substratum
Fram 4 N
Vallers 3 Y
Borup 3 Y
Lemert 2 N
Totten 2 Y
ND605 Benson, Eddy, Nelson Lx Ludden Silty Clay Ludden 85 P 1 Typic Endoaquerts, Fine, Montmorillonitic, Frigid Lamoure 6 Y
Counties
Wahpeton 5 N
Ryan 2 Y
Ludden, Saline 2 Y
ND605 Benson, Eddy, Nelson Lz Ludden-Lamoure Complex Ludden 40 P 1 Typic Endoaquerts, Fine, Montmorillonitic, Frigid Ludden, Saline 8 Y
Counties
Lamoure, Saline 6 Y
Ryan 3 Y
Rauville 3 Y
Lamoure 40 P 2 Cumulic Endoaquolls, Fine-Silty, Mixed (Calcareous), Frigid Ludden, Saline 8 Y
Lamoure, Saline 6 Y
Ryan 3 Y
Rauville 3 Y
ND605 Benson, Eddy, Nelson Mh Marsh Marsh 90 VP 1 Cumulic Vertic Endoaquolls, Fine, Montmorillonitic (Calcareous), Water 5 Y
Counties Frigid
Southam 5 Y
ND605 Benson, Eddy, Nelson Ra Rauville Silty Clay Loam Rauville 90 VP 1 Cumulic Endoaquolls, Fine-Silty, Mixed (Calcareous), Frigid Lamoure 6 Y
Counties
Ludden 4 Y
ND605 Benson, Eddy, Nelson Ry Ryan Silty Clay Loam Ryan 85 P 1 Typic Natraquerts, Fine, Montmorillonitic, Frigid Lamoure 7 Y
Counties
Rauville 5 Y
Ludden 3 Y
ND605 Benson, Eddy, Nelson Rz Ryan And Lamoure Silty Clay ~ Ryan 45 P 1 Typic Natraquerts, Fine, Montmorillonitic, Frigid Lamoure, Saline 10 Y
Counties Loams
Rauville 6 Y
Ludden 5 Y
Laprairie 4 N
Lamoure 20 P 2 Cumulic Endoaquolls, Fine-Silty, Mixed (Calcareous), Frigid Lamoure, Saline 10 Y
Rauville 6 Y
Ludden 5 Y
Laprairie 4 N
ND605 Benson, Eddy, Nelson Wa Wahpeton Silty Clay Wahpeton 85 MW 1 Typic Hapluderts, Fine, Montmorillonitic, Frigid Laprairie 6 N
Counties
Ryan 5 Y
Ludden 4 Y
ND605 Benson, Eddy, Nelson WCcA Walsh Clay Loam, 0 To 3 Walsh 85 MW 1 Pachic Udic Haploborolls, Fine-Loamy, Mixed Vang 6 N
Counties Percent Slopes
Edgeley 4 N
Svea 3 N
Laprairie 2 N
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Table B1. Descriptive soil legend for soils mapped along the Sheyenne River Valley in Benson, Wells, Eddy, Nelson, Griggs, Steele, Barnes, Ransom, Richland, and Cass Counties, North

Dakota.
Soil Survey Area  |Soil Survey Name Map Unit Symbol |Map Unit Name Major Soil Series Percentage | Drainage Class Sequence Taxonomic Classification Minor Inclusions Percent Hydric
Component Composition (Major Number (Major Composition
Component) Component)
ND607 Nelson County Area 15 Borup Silt Loam Borup 43 P 1 Typic Calciaquolls, Coarse-Silty, Frigid Colvin 24 Y
Glyndon 19 N
Marysland 5 Y
Hamerly 3 N
Vallers 3 Y
Divide 3 N
ND607 Nelson County Area 23 Cavour-Cresbard Loams, 0 To 3 Cavour a7 MW 1 Udic Natriborolls, Fine, Montmorillonitic Miranda 8 N
Percent Slopes
Svea 7 N
Vallers, Saline 4 Y
Playmoor 1 Y
Hamerly 1 N
Barnes 1 N
Cresbard 31 MW 2 Glossic Udic Natriborolls, Fine, Montmorillonitic Miranda 8 N
Svea 7 N
Vallers, Saline 4 Y
Playmoor 1 Y
Hamerly 1 N
Barnes 1 N
ND607 Nelson County Area 25 Miranda-Cavour Loams, 0 To 3 Miranda 40 SP 1 Leptic Natriborolls, Fine-Loamy, Mixed Vallers, Saline 10 Y
Percent Slopes
Playmoor 5 Y
Hamerly, Saline 3 N
Svea 2 N
Cresbard 1 N
Hamerly 1 N
Cavour 38 MW 2 Udic Natriborolls, Fine, Montmorillonitic Vallers, Saline 10 Y
Playmoor 5 Y
Hamerly, Saline 3 N
Svea 2 N
Cresbard 1 N
Hamerly 1 N
ND607 Nelson County Area 31B Egeland Sandy Loam, 3 To 6 Egeland 64 w 1 Udic Haploborolls, Coarse-Loamy, Mixed Embden 20 N
Percent Slopes
Maddock 8 N
Wyndmere 4 N
Glyndon 4 N
ND607 Nelson County Area 34 Ladelle Silt Loam Ladelle 64 MW 1 Cumulic Udic Haploborolls, Fine-Silty, Mixed Walsh 13 N
Laprairie 9 N
Wamduska 5 N
Lamoure 5 Y
Borup 4 Y
ND607 Nelson County Area 35 Ladelle Silt Loam, Channeled  Ladelle 47 MW 1 Cumulic Udic Haploborolls, Fine-Silty, Mixed Lamoure Channeled 14 Y
Minnewaukan 10 Y
Claire Channneled 10 N
Velva Channeled 9 N
Rauville 6 Y
Embden 4 N
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Table B1. Descriptive soil legend for soils mapped along the Sheyenne River Valley in Benson, Wells, Eddy, Nelson, Griggs, Steele, Barnes, Ransom, Richland, and Cass Counties, North

Dakota.
Soil Survey Area  [Soil Survey Name Map Unit Symbol [Map Unit Name Major Soil Series Percentage | Drainage Class Sequence Taxonomic Classification Minor Inclusions Percent Hydric
Component Composition (Major Number (Major Composition
Component) Component)
ND609 Richland And Parts Of Au Arveson And Fossum Loams Arveson 50 P 1 Typic Calciaquolls, Coarse-Loamy, Frigid
Ransom Counties
Fossum 50 P 2 Typic Endoaquolls, Sandy, Mixed, Frigid
ND609 Richland And Parts Of Av Arveson And Fossum Loams,  Arveson 50 VP 1 Typic Calciaquolls, Coarse-Loamy, Frigid
Ransom Counties Very Wet
Fossum 50 VP Typic Endoaquolls, Sandy, Mixed, Frigid
ND609 Richland And Parts Of Co Colvin Silty Clay Loam Colvin 100 P Typic Calciaquolls, Fine-Silty, Frigid
Ransom Counties
ND609 Richland And Parts Of DkB Dickey-Towner Fine Sandy Dickey 50 W 1 Udorthentic Haploborolls, Sandy Over Loamy, Mixed
Ransom Counties Loams, Undulating
Towner 30 MW 2 Udorthentic Haploborolls, Sandy Over Loamy, Mixed
ND609 Richland And Parts Of En Embden-Tiffany Fine Sandy Embden 50 MW 1 Pachic Udic Haploborolls, Coarse-Loamy, Mixed
Ransom Counties Loams
Tiffany 30 P 2 Typic Endoaquolls, Coarse-Loamy, Mixed, Frigid
ND609 Richland And Parts Of Fa Fairdale Silt Loam Fairdale 100 MwW 1 Mollic Udifluvents, Fine-Loamy, Mixed (Calcareous), Frigid
Ransom Counties
ND609 Richland And Parts Of Fb Fairdale Silt Loam, Channeled Fairdale 100 MW 1 Mollic Udifluvents, Fine-Loamy, Mixed (Calcareous), Frigid
Ransom Counties
ND609 Richland And Parts Of Fd Fairdale Silty Clay Loam Fairdale 100 MW 1 Mollic Udifluvents, Fine-Loamy, Mixed (Calcareous), Frigid
Ransom Counties
ND609 Richland And Parts Of Fe Fargo Silty Clay Loam Fargo 100 P 1 Typic Epiaquerts, Fine, Montmorillonitic, Frigid
Ransom Counties
ND609 Richland And Parts Of Gd Galchutt-Overly Silt Loams Galchutt 50 SP 1 Vertic Argialbolls, Fine, Montmorillonitic, Frigid
Ransom Counties
Overly 30 MW 2 Pachic Udic Haploborolls, Fine-Silty, Mixed
ND609 Richland And Parts Of Ge Gardena Silt Loam Gardena 100 MW 1 Pachic Udic Haploborolls, Coarse-Silty, Mixed
Ransom Counties
ND609 Richland And Parts Of GfB Gardena-Eckman Silt Loams,  Gardena 50 MW 1 Pachic Udic Haploborolls, Coarse-Silty, Mixed
Ransom Counties Undulating
Eckman 30 W 2 Udic Haploborolls, Coarse-Silty, Mixed
ND609 Richland And Parts Of Gh Gardena And Embden Loams  Gardena 50 MW 1 Pachic Udic Haploborolls, Coarse-Silty, Mixed
Ransom Counties
Embden 50 MW Pachic Udic Haploborolls, Coarse-Loamy, Mixed
ND609 Richland And Parts Of Go Glyndon Silt Loam Glyndon 100 MW,SP Aeric Calciaquolls, Coarse-Silty, Frigid
Ransom Counties
ND609 Richland And Parts Of Hb Hamar Loamy Fine Sand, Hamar 100 P,SP 1 Typic Endoaquolls, Sandy, Mixed, Frigid
Ransom Counties Moderately Deep Over Clay
ND609 Richland And Parts Of Hm Hecla-Hamar Loamy Fine Hecla 50 MW 1 Aquic Haploborolls, Sandy, Mixed
Ransom Counties Sands
Hamar 30 P Typic Endoaquolls, Sandy, Mixed, Frigid
ND609 Richland And Parts Of Hn Hecla-Hamar Fine Sandy Hecla 50 MW Aquic Haploborolls, Sandy, Mixed
Ransom Counties Loams
Hamar 30 P 2 Typic Endoaquolls, Sandy, Mixed, Frigid
ND609 Richland And Parts Of La Ladelle Silty Clay Loam Ladelle 100 MW 1 Cumulic Udic Haploborolls, Fine-Silty, Mixed
Ransom Counties
ND609 Richland And Parts Of Lb Ladelle And Wahpeton Soils, Ladelle 50 MW 1 Cumulic Udic Haploborolls, Fine-Silty, Mixed
Ransom Counties Channeled
Wahpeton 50 MW 2 Typic Hapluderts, Fine, Montmorillonitic, Frigid
ND609 Richland And Parts Of Lp La Prairie Silt Loam La Prairie 100 MW 1 Cumulic Udic Haploborolls, Fine-Loamy, Mixed
Ransom Counties
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Table B1. Descriptive soil legend for soils mapped along the Sheyenne River Valley in Benson, Wells, Eddy, Nelson, Griggs, Steele, Barnes, Ransom, Richland, and Cass Counties, North

Dakota.
Soil Survey Area  [Soil Survey Name Map Unit Symbol [Map Unit Name Major Soil Series Percentage | Drainage Class Sequence Taxonomic Classification Minor Inclusions Percent Hydric
Component Composition (Major Number (Major Composition
Component) Component)
ND609 Richland And Parts Of Oc Overly Silty Clay Loam Overly 100 MW 1 Pachic Udic Haploborolls, Fine-Silty, Mixed
Ransom Counties
ND609 Richland And Parts Of Pd Parnell And Tonka Silty Clay Parnell 50 VP 1 Vertic Argiaquolls, Fine, Montmorillonitic, Frigid
Ransom Counties Loams
Tonka 50 P 2 Argiaquic Argialbolls, Fine, Montmorillonitic, Frigid
ND609 Richland And Parts Of Pr Perella Loam, Moderately Deep Perella 100 P 1 Typic Epiaquolls, Fine-Silty, Mixed, Frigid
Ransom Counties Over Clay
ND609 Richland And Parts Of Ps Perella Silty Clay Loam, Perella 100 P 1 Typic Epiaquolls, Fine-Silty, Mixed, Frigid
Ransom Counties Moderately Deep Over Clay
ND609 Richland And Parts Of To Towner Loamy Fine Sand Towner 100 MwW 1 Udorthentic Haploborolls, Sandy Over Loamy, Mixed
Ransom Counties
ND609 Richland And Parts Of Tw Towner And Swenoda Fine Towner 50 MW 1 Udorthentic Haploborolls, Sandy Over Loamy, Mixed
Ransom Counties Sandy Loams
Swenoda 50 MW Pachic Udic Haploborolls, Coarse-Loamy, Mixed
ND609 Richland And Parts Of un Ulen Fine Sandy Loam Ulen 100 SP,MW Aeric Calciaquolls, Sandy, Frigid
Ransom Counties
ND609 Richland And Parts Of Wa Wahpeton Silty Clay Wahpeton 100 MW 1 Typic Hapluderts, Fine, Montmorillonitic, Frigid
Ransom Counties
ND609 Richland And Parts Of We Wet Alluvial Land Wet Alluvial Land 100 1
Ransom Counties
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LOCATI ON ABERDEEN SD+ND

Est abl i shed Seri es
Rev. LDS-WB-CJH
10/ 98

ABERDEEN SERIES

The Aberdeen series consists of very deep, noderately well drained soils fornmed
in glacial lacustrine sedinents on |ake plains. Perneability is slowin the
solum and noderate to slow in the underlying material. Slopes range fromO to 2
percent. Mean annual precipitation is about 19 inches, and nean annual air
tenperature is about 43 degrees F.

TAXONOM C CLASS: Fine, smectitic, frigid G ossic Natrudolls

TYPI CAL PEDON: Aberdeen silty clay loam - on a plane slope of less than 1
percent in cultivation. When described the soil was dry to 30 inches and noi st
below. (Colors are for dry soil unless otherw se stated)

Ap--0 to 8 inches; dark gray (10YR 4/1) silty clay |loam black (10YR 2/1)
noi st; weak fine granular structure; slightly hard, friable, slightly sticky and
slightly plastic; slightly acid; abrupt smooth boundary. (Conbined thickness of
A horizons is 5 to 12 inches thick)

BE--8 to 11 inches; gray (10YR 5/1) silty clay | oam very dark gray (10YR
3/1) noist; gray (10YR 6/1) silt coatings on faces of peds; weak medi um
subangul ar bl ocky structure parting to weak thin platy; slightly hard, friable,
slightly sticky and slightly plastic; neutral; clear snmooth boundary. (2 to 6
i nches thick)

Btnl--11 to 18 inches; dark gray (10YR 4/1) silty clay, very dark gray (10YR
3/1) noist; noderate nmedium prismatic structure parting to noderate fine bl ocky;
hard, firm sticky and plastic; shiny filnms on faces of peds; neutral; clear
wavy boundary.

Btn2--18 to 26 inches; dark gray (10YR 4/1) silty clay, very dark gray (10YR
3/1) noist; nmoderate medium prismatic structure parting to noderate medi um and
fine blocky; hard, firm sticky and plastic; shiny films on faces of peds;
neutral; clear wavy boundary. (Combined thickness of the Btn horizons is 8 to
26 inches.)

Bkz1--26 to 31 inches; light gray (2.5Y 7/2) silty clay |loam grayish brown
(2.5Y 5/2) noist; weak nedium prismatic structure parting to weak medi um
subangul ar bl ocky; hard, firm sticky and plastic; comon fine nests of gypsum
and other salts; common very fine accumul ations of carbonate; strong
ef fervescence; slightly alkaline; clear wavy boundary.

Bkz2--31 to 38 inches; light brownish gray (2.5Y 6/2) silty clay | oam dark
grayi sh brown (2.5Y 4/2) noist; weak medium prismatic structure parting to weak
medi um subangul ar bl ocky; hard, firm sticky and plastic; comon fine nests of
gypsum and other salts; common very fine accunul ati ons of carbonate; strong
ef fervescence; slightly al kaline; gradual wavy boundary. (Conbined thickness of
Bkz horizons is 0 to 20 inches.)
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Cl--38 to 51 inches; light gray (2.5Y 7/2) silt |loam grayish brown (2.5Y
5/2) noist; few fine prom nent of yellow sh brown (10YR 5/6) redox
concentrations and few fine distinct gray (10YR 5/1) noist redox depletions;
massi ve; hard, friable, slightly sticky and slightly plastic; few fine threads
and nests of gypsum and other salts; slight effervescence; slightly alkaline;
gradual wavy boundary.

C2--51 to 60 inches; pale yellow (2.5Y 7/4) silt loam lanm nated with thin
| ayers of silty clay and very fine sandy | oam I|ight olive brown (2.5Y 5/4)
noi st; conmon fine prom nent yell ow sh brown (10YR 5/6) and strong brown (7.5YR
5/ 6) redox concentrations, and gray (10YR 5/1) noist redox depletions; massive;
lam nations 1 to 3 mnmthick; slightly hard, friable, slightly sticky and
slightly plastic; slight effervescence; slightly alkaline.

TYPE LOCATION: Brown County, South Dakota; about 2 nmiles east and 4 miles south
of Aberdeen; 580 feet west and 93 feet south of the northeast corner of sec. 9,
T. 122 N, R 63 W

RANGE | N CHARACTERI STICS: The depth to carbonates ranges from 16 to about 40
i nches.

The A horizon has value of 3 or 4 and 2 or 3 noist. It typically is silty clay
loamor silt loambut is loam fine sandy loam or silty clay in sone pedons.
It is noderately acid to neutral.

The BE horizon has value of 4 or 5 and 3 or 4 moist, and chroma of 1 or 2. It
has gray or light gray silt coatings on faces of peds. It is slightly acid or
neutral. Some pedons have E or B/E horizons. Some pedons have relic col umar
peds that are deeply degraded both in color and in structure, with horizonta
and vertical streaks of gray or light gray extending an inch or nore into the
col umms.

The Btn horizon has hue of 10YR or 2.5Y, value of 3 to 5 and 2 to 4 npist, and
chroma of 1 to 3. It is silty clay, silty clay loamor clay that contains an
estimated 35 to 55 percent clay and | ess than 15 percent fine sand or coarser
It ranges fromneutral to noderately al kaline. Sone pedons have Btk horizons.

The Bkz horizon has hue of 2.5Y or 5Y, value of 5 to 7 and 3 to 5 noist, and
chroma of 1 to 4. It is silty clay loam silty clay or silt loam It is
slightly to strongly alkaline. 1t has nore exchangeabl e magnesi um pl us sodi um
than cal ci um plus hydrogen and exchangeabl e sodi um exceeds 15 percent in the Bkz
or C horizons. The Bkz and upper part of the C horizons have few or common fine
nests and threads of gypsum and other salts. Sone pedons do not have
accunul ati ons of gypsum and/or other salts. Sonme pedons have a BCk horizon

The C horizon has hue of 2.5Y or 5Y, value of 5 to 8 and 4 to 6 noist, and

chroma of 2 to 4. It is silt loamor silty clay |loam and typically is |an nated
with very thin strata of very fine sand to clay. Varves range fromless than 1
mmto 10 mmin thickness. It is slightly to strongly al kaline. Sonme pedons
have sandy materials below a depth of 40 inches. Oher pedons have | oany
glacial till below a depth of 40 inches

COWPETI NG SERIES: This is the Cresbard soil in the sane famly. Cresbard soils
contain nore than 15 percent fine sand or coarser

GEOGRAPHI C SETTI NG.  Aberdeen soils are on level and nearly |level |ake plains.
Sl ope gradients are less than 2 percent. The soils forned in |anm nated
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gl aci ol acustrine sedinments of silt sized particles but with thin lens of very
fine sand or clay sized particles. Mean annual air tenperature ranges from 38
to 45 degrees, and nmean precipitation from 17 to 24 inches. Most of the
precipitation conmes in the spring and sumer. Growi ng season is about 120 to 140
days; average growi ng season precipitation is 14 to 18 inches; and grow ng
degree days are about 2500 to 3000

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Beotia, Exline, G eat Bend,

Har nrony, Nahon, and Zell soils. Beotia, Great Bend, Harnmony, and Zell soils do
not have a natric horizon and are on the slightly higher plane to convex
surfaces. In addition Beotia and Great Bend soils are fine-silty and Zell soils
are coarse-silty. Exline soils have visible salts within a depth of 16 inches
and are in slightly |ower parts of the | andscape. Harnmony soils lack natric

hori zons. Nahon soils have columar structure in the Bt horizon. Harnony and
Nahon soils are on the broad smpoth flats in close association with the Aberdeen
soil s.

DRAI NAGE AND PERMEABI LI TY: Moderately well drained. Runoff is |low or medium
Permeability is slowin the solum and noderate to slow in the underlying
mat eri al

USE AND VEGETATI ON: Mbst areas are cropped to small grains, sunflowers, and
alfalfa. Native vegetation includes western wheatgrass, green needl egrass,
little bluestem big bluestem sideoats gramm, blue grama, porcupinegrass,
needl eandt hread, sedges, and forbs.

DI STRI BUTI ON AND EXTENT: Nort heast ern Sout h Dakota and eastern North Dakot a.
The series is of nopderate extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a.
SERI ES ESTABLI SHED: Brown County, South Dakota, 1925.

REMARKS: Di agnostic horizons and features recognized in this pedon are: mollic
epi pedon - the zone fromthe surface of the soil to a depth of about 26 inches

(Ap, BE, Btnl, Btn2 horizons); natric horizon - the zone froma depth of about

11 to 26 inches (Btnl and Btn horizons).

Nat i onal Cooperative Soil Survey
U S A
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LOCATI ON ARVESON MN+ND SD

Est abl i shed Seri es
MN\J - CJH
01/ 2001

ARVESON SERIES

The Arveson series consists of very deep, poorly and very poorly drained soils
that fornmed nostly in loanmy glacial |acustrine or outwash sedinents on glacia

| ake and outwash plains. These soils have noderate or noderately rapid
pernmeability in the upper part and rapid in the | ower part. They have sl opes of
0O to 2 percent. Mean annual precipitation is about 20 inches. Mean annual air
tenperature is about 41 degrees F.

TAXONOM C CLASS: Coarse-loanmy, m xed, superactive, frigid Typic Calciaquolls

TYPI CAL PEDON: Arveson clay loamwith a slightly concave nearly |evel slope
adj acent to a beach ridge on a glacial |ake plain in a neadow field. (Colors
are for noist soil unless otherw se stated.)

A--0 to 8 inches; black (10YR 2/1) clay | oam dark gray (10YR 4/1) dry; weak
fine granular structure; very friable, slightly sticky; strong effervescence;
slightly al kaline; gradual smooth boundary.

Bkgl--8 to 14 inches; very dark gray (10YR 3/1) clay loam gray (10YR 5/1)
dry; weak very fine granular structure; very friable, slightly sticky; violent
ef fervescence; noderately al kal i ne; gradual wavy boundary.

Bkg2--14 to 25 inches; light gray (5Y 7/1) |oam weak very fine granul ar
structure; very friable, slightly sticky; commmn convol utions of very dark gray
(10YR 3/1); violent effervescence; noderately al kaline; clear wavy boundary. (6
to 15 inches thick)

Bkg3--25 to 34 inches; gray (5Y 6/1) sandy |oanm weak very fine granul ar
structure; very friable, slightly sticky; many fine and nmedi um masses of gray
(5Y 5/1); violent effervescence; noderately alkaline; clear snooth boundary.
(Combi ned thickness of the Bkg horizons is 6 to 32 inches.)

2Cgl--34 to 46 inches; gray (5Y 6/1) loany sand; few fine distinct pale olive
(5Y 6/3) redoxi morphic concentrations; weak very fine granular structure; very
friable, slightly sticky; strong effervescence; noderately al kaline; clear
smoot h boundary. (0 to 16 inches thick)

2Cg2--46 to 60 inches; light olive gray (5Y 6/2) fine sand; few fine
prom nent olive yellow (2.5Y 6/8) and few fine distinct pale olive (5Y 6/4)
redoxi mnorphi c concentrations; single grain; |oose; slight effervescence;
noder ately al kal i ne

TYPE LOCATION: Clay County, M nnesota; about 3 miles east of the village of
Felton; about 660 feet west and 165 feet north of the southeast corner, Sec. 25,
T. 142 N., R 46 W

RANGE | N CHARACTERI STICS: The mollic epi pedon ranges from7 to 24 inches in
thi ckness. The depth to loany fine sand or coarser sedinents is nore than 20
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i nches. The average texture of the control section is fine sandy | oam sandy

| oam or | oam averaging | ess than 18 percent noncarbonate clay and nore than 15
percent fine sand and coarser. These soils have 0 to 1 percent rock fragnents.
These soils contain carbonates in all parts. The content of cal cium carbonate
in the calcic horizon ranges from 15 to 60 percent. Masses of the A horizon in
the C horizon are a comon but are not a diagnostic feature of the series. A
buried A horizon is in sone pedons.

The A horizon has hue of 10YR to 5Y, value of 2 or 3, and chroma of 1, or is N
2/0 or N 3/0. It has redoxi morphic features in some pedons. It is sandy |oam
fine sandy | oam sandy clay loam silt loam l|loam or clay loam It is slightly
al kal i ne or noderately al kaline. Some pedons have an Ak or ABK horizon up to 15
i nches thick.

The Bkg horizons have hue of 5Y to 10YR, value of 3 to 7, and chroma of 1 or 2,
or is N4/0 to N7/0. It is sandy loam fine sandy |oam sandy clay |oam | oam
or clay loam but the lower part is |oany sand or |oamy fine sand in some
pedons. It is slightly alkaline or noderately al kaline

The 2Cg horizons have hue of 2.5Y or 5Y, value of 4 to 6, and chroma of 1 or 2.
It has redoxinorphic features in nost but not all pedons. It is coarse sand,
sand, fine sand, |oamy sand, |oany fine sand, sandy |oam or fine sandy | oam
It is slightly alkaline or nobderately alkaline. It has a cal cium carbonate
equi val ent of |ess than 25 percent. Sone pedons have a clay | oam 3C horizon
bel ow 40 i nches.

COWPETI NG SERI ES: These are the Hedman, Percy and Rockwel| series. These soils
formed all or partially in till and have greater than one percent rock fragnents
within the series control section. |In addition, Percy soils have a cal cium
carbonat e equi val ent of nore than 25 percent below the Bk horizon.

GEOGRAPHI C SETTING: Arveson soils have plane or concave slopes with gradient of
| ess than 2 percent on glacial |ake plains and outwash plains. The soils fornmed
in loamy or |oamy and sandy outwash or |acustrine sedinents of Late W sconsi han
Age. Mean annual air tenperature is 38 to 45 degrees F. Mean annua
precipitation is 16 to 24 inches.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Flam ng, Hecla, U en and
wWndmere soils which formed in sediments somewhat simlar to those of the
Arveson soils. The Flanm ng, Hecla, and U en soils are somewhat poorly and
noderately well drained and are on slightly higher lying terrain. They are
sandy. The sonmewhat poorly drained Wyndnere soils are coarse-|loany and are on
sonmewhat hi gher lying terrain.

DRAI NAGE AND PERMEABI LI TY: Poorly and very poorly drained. Runoff is slow and
very slow. Perneability is noderate or noderately rapid in the upper part and
rapid in the |ower part. The water table is commonly at or near the surface
during at |east part of the grow ng season unless these soils are drained

USE AND VEGETATI ON: Most of these soils are cropped to small grains and in a

few places corn and soybeans. Sone are used for grow ng pasture. Native
vegetation is a wetsite community of the tall grass prairie.

DI STRI BUTI ON AND EXTENT: Minly in the Red River Valley of northwestern
M nnesota, eastern North Dakota, and northeastern South Dakot a. Ext ensi ve.

M_LRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a
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SERI ES ESTABLI SHED: Roseau County, M nnesota, 1933.

REMARKS: Di agnhostic horizons and features recognized in this pedon are: nmollic
epi pedon - zone fromthe surface of the soil to a depth of 14 inches (A and Bkgl
hori zons); calcic horizon - zone from8 to 25 inches (Bkg horizons); aquic

noi st ure based upon | ow chroma bel ow cal ci ¢ hori zon.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON BANKS ND+MI' SD WY

Est abl i shed Series
Rev. CJH
5/ 94

BANKS SERIES

The Banks series consists of very deep, excessively or sonewhat excessively

drai ned, rapidly perneable soils that formed in recently deposited sandy
alluvium These soils are on | evees, flood plains and | ow terraces of |arger
streans and have slopes ranging fromO to 6 percent. Mean annual tenperature is
42 degrees F, and the mean annual precipitations is 16 inches.

TAXONOM C CLASS: Sandy, mxed, frigid Typic Ustifluvents

TYPI CAL PEDON: Banks very fine sandy |oam - native grassland. (Colors are for
dry soil unless otherw se stated)

A--0 to 4 inches; light brownish gray (2.5Y 6/2) very fine sandy | oam dark
grayi sh brown (2.5Y 4/2) nmpoist; weak medium granul ar structure; very friable;
many roots; slight effervescence; slightly alkaline; abrupt wavy boundary. (2
to 12 inches thick)

Cl--4 to 30 inches; light brownish gray (2.5Y 6/2) fine sand, grayish brown
(2.5Y 5/2) noist; single grain; |oose; few roots; slight effervescence; slightly
al kal i ne; abrupt wavy boundary. (0 to 40 inches thick)

C2--30 to 60 inches; light brownish gray (2.5Y 6/2) |loany fine sand, dark
grayi sh brown (2.5Y 4/2) nmoist; single grain; |oose; sone very thin (1/8 to 1/2
i nch) bands of silt and very fine sand; slight effervescence; slightly alkaline.

TYPE LOCATI ON:  Burl eigh County, North Dakota; 2,165 feet east and 1,585 feet
south of the northwest corner, sec. 5, T. 140 N, R 81 W

RANGE | N CHARACTERI STICS: The depth to carbonates is |less than 10 inches. The
10- to 40- inch control section is mainly strata of |oany fine sand, fine sand
or sand. One or nore very thin layers of very fine sand, |oamor finer
materials are in nmost pedons; others contain thin |layers of coarse sand and
gravel. Some pedons have thin Ab hori zons.

The A horizon has hue of 10YR or 2.5Y, value of 5 to 7 and 4 to 6 moist, and
chroma of 1 to 3. Values of 2 or 3 noist are allowed if it is 3 inches or |ess
in thickness or if it is 5 inches or less in thickness and has textures of |oany
fine sand or coarser. Textures range fromsand to silty clay. It is neutral or
slightly alkaline. Some pedons have AC hori zons.

The C horizon has hue of 10YR or 2.5Y, value of 5 to 7 and 4 to 6 noist, and
chroma of 1 to 4. It is loamy fine sand, fine sand or sand. It is slightly
al kal i ne or noderately al kaline.

COVPETI NG SERI ES: There are no other series in the famly.

GEOGRAPHI C SETTI NG: Banks soils are on level to gently sloping | evees, flood
pl ains and |ow terraces of larger streanms. Slopes are 0 to 6 percent. Most
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areas have m crotopographic small ridges, hummocks and hol |l ows created by action
of wind or floodwaters. The soils formed in recently deposited sandy all uvi um
Mean annual tenperature is 39 to 45 degrees F, and nmean annual precipitation is
13 to 18 inches.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Havrelon, Lallie, Lohler and
Trenmbl es soils. These soils comonly are on the nore |evel floodplains farther
fromthe stream channels. Havrelon soils are fine-loanmy and Lallie and Lohler
soils are fine. Trembles soils are coarse-loany. |In sone areas, the |land type,
riverwash, is between the Banks soils and the stream channel

DRAI NAGE AND PERMEABI LI TY: Excessively or somewhat excessively drained. Sl ow
or very slow runoff. Rapid pernmeability. The Banks soils are flooded nearly
every tinme streanms overflow, but they are under water only a short tine.

USE AND VEGETATION: Native range and pasture are the main uses. Sone is
cropped to forage crops, small grains and corn. Cottonwoods, willows, sagebrush
and ot her shrubs are widely spaced. Native grass vegetation is prairie
sandreed, needl eandt hread and bl ue granma.

DI STRI BUTI ON AND EXTENT: Western North Dakota, northwestern South Dakota and
nort heastern Montana. They are of npderate extent.

M_LRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota

SERI ES ESTABLI SHED: McKenzie County, North Dakota, 1932

REMARKS: Revi sed 3/94.

Di agnostic horizons and features recognized in this pedon are: ochric epipedon
- the zone fromthe surface of the soil to a depth of 4 inches (A horizon);
irregul ar decrease in organic carbon with depth (strata in 30 to 60 inches |ayer

(C2 horizon).

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON BARNES ND+MN SD

Est abl i shed Seri es
CIH
04/ 1999

BARNES SERIES

The Barnes series consists of very deep, well drained, noderately or noderately
slowmy perneable soils that formed in loany till. These soils are on til

pl ai ns and norai nes and have slopes ranging fromO to 25 percent. Mean annua
air tenperature is about 42 degrees F, and mean annual precipitation is about 17
i nches.

TAXONOM C CLASS: Fine-1loany, m xed, superactive, frigid Calcic Hapludolls

TYPI CAL PEDON: Barnes loamin a cultivated field. (Colors are for npist soi
unl ess otherwi se stated)

Ap--0 to 7 inches; black (10YR 2/1) |l oam dark gray (10YR 4/1) dry; weak
coarse subangul ar bl ocky structure parting to noderate nedium granular; slightly
hard, friable, slightly sticky and slightly plastic; many fine pores; slightly
al kal i ne; abrupt snooth boundary. (Conbined A horizons 4 to 11 inches thick)

Bwl--7 to 11 inches; dark brown (10YR 3/3) loam brown (10YR 4/3) dry;
noderate medi um prismatic structure parting to noderate nmedi um angul ar bl ocky;
slightly hard, firm slightly sticky and slightly plastic; comon medi um pores;
patches of clay on vertical faces of peds; slightly alkaline; clear wavy
boundary.

Bw2--11 to 19 inches; olive brown (2.5Y 4/4) loam 1ight yellow sh brown
(2.5Y 6/4) dry; noderate medium prismatic structure parting to noderate nmedi um
subangul ar bl ocky; slightly hard, friable, slightly sticky and slightly plastic;
common medi um pores; slightly al kaline; clear wavy boundary. (Conbi ned Bw
hori zons 4 to 23 inches thick)

Bk--19 to 37 inches; olive brown (2.5Y 4/4) |oam pale yellow (2.5Y 7/4)
dry; noderate coarse prismatic structure parting to noderate nmedi um subangul ar
bl ocky; friable, slightly sticky and slightly plastic; few medium pores; few
masses of carbonates; violent effervescence; nmoderately al kaline; gradual wavy
boundary. (7 to 24 inches thick)

C--37 to 60 inches; light olive brown (2.5Y 5/4) loam I|ight yellow sh brown
(2.5Y 6/4) dry; few nedium prom nent yellow sh brown (10YR 5/6) nottles;
massi ve; hard, firm slightly sticky and slightly plastic; strong effervescence;
noder ately al kal i ne

TYPE LOCATION: Pierce County, North Dakota; 8 mles east, 2 nmiles south of
Wol ford; 2100 feet west and 1450 feet north of the southeast corner, sec. 27, T.
158 N., R 69 W

RANGE I N CHARACTERI STICS: The nollic epipedon is 7 to 16 inches thick. The 10
to 40 inch particle-size control section is |loamor clay |Ioam and contains up to
10 percent by volunme of rock fragnments. It has nmore than 30 percent total sand
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and nore than 20 percent fine sand and coarser sand. Stony phases are
recogni zed.

The A horizon has hue of 10YR, value of 2 or 3 and 3 or 4 dry, and chroma of 1;
however, chroma of 2 is allowed below the Ap. It typically is a | oam but

i ncludes fine sandy | oam sandy |oam clay |loam sandy clay |loamand silt | oam
It is noderately acid to slightly alkaline

The Bw horizon has hue of 10YR or 2.5Y, value of 2 to 5, 3 to 6 dry, and chronm
of 2to 4. It is loam clay loamor sandy clay loam It is slightly acid to
slightly al kaline.

The Bk horizon has hue of 2.5Y or 10YR, value of 4 to 6, 5 to 8 dry, and chrom
of 2to 4. It is loamor clay loam It has 10 to 30 percent cal cium carbonate
equivalent. It is slightly alkaline or noderately alkaline. It has relict
nottles in sone pedons. Sone pedons have a BCk hori zon

The C horizon has hue of 10YR or 2.5Y, value of 4 to 6, 4 to 7 dry, and chroma
of 2to 4. It is loamor clay loam It is not nottled in sone pedons. It is
slightly al kaline or noderately alkaline.

COVPETI NG SERI ES: These are the Dol and, Edgel ey, Forndal e, Hi bar, Vienna and
Yeoman series. Doland soils have |less than 20 percent fine sand and coarser
sand in the upper part of the series control section. Edgeley soils have a
relatively high shale content and have bedded shale within 40 inches. Forndale
soils contain I ess than 30 percent total sand in the particle-size control
section. Hibar soils are noderately deep to sandstone. Vienna soils have silty
upper horizons. Yeoman soils have hues redder than 10YR and occur at higher

el evati ons.

GEOGRAPHI C SETTING. Barnes soils are on level to hilly till plains and
norai nes. Slope gradients typically are 2 to 6 percent, but range fromO to 25
percent. The soils formed in loany till. The climate is cool subhumd with a

mean annual air tenperature of 36 to 48 degrees F, and mean annual precipitation
of 15 to 25 inches.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Aastad, Buse, Forman, Hanerly,
Langhei, Parnell, Svea and Tonka soils. Aastad and Svea soils are on concave
and nearly |l evel positions. They have nmollic epipedons nore than 16 inches
thick. Buse and Langhei soils are on steeper convex slopes. Buse soils do not
have a cambic horizon. Langhei soils do not have mollic epi pedons. Forman
soils are on simlar positions to Barnes. They have an argillic horizon
Hamerly, Parnell and Tonka soils are on |lower |ying foot slopes and flats, and
in depressions. They are wetter and have water tables at or near the surface.

DRAI NAGE AND PERMEABI LI TY: Well drained. Runoff ranges from negligible to high
depending on the slope. Moderately slow or nmoderate permeability.

USE AND VEGETATION: Cultivated areas are used for growi ng small grains, flax,

hay and pasture. Native vegetation is western wheatgrass, needl eandt hread,
green needl egrass and bl ue grana.

DI STRI BUTI ON AND EXTENT: Eastern North Dakota, northeastern South Dakota and
western M nnesota. The soils are extensive.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a.
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SERI ES ESTABLI SHED: LaMoure County, North Dakota, 1914.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nollic
epi pedon - the zone fromthe surface of the soil to a depth of 11 inches (Ap and
Bwl horizons); cambic horizon - the zone from 11l to 19 inches (Bw2 horizon).

ADDI TI ONAL DATA: Soil Survey lInvestigation Report No. 2, North Dakota, pages 16
to 29.

Nati onal Cooperative Soil Survey
U S. A
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LOCATI ON BEARDEN ND+MN SD

Est abl i shed Series
Rev. KWI- CJH
06/ 1999

BEARDEN SERIES

The Bearden series consists of very deep, sonmewhat poorly drained, noderately to
slowmy pernmeable soils that fornmed in calcareous silt loamand silty clay | oam

| acustrine sedinments. These soils are on glacial |ake plains and have sl opes of
0 to 3 percent. Mean annual air tenperature is 39 degrees F, and nmean annual
precipitation is 18 inches.

TAXONOM C CLASS: Fine-silty, mxed, superactive, frigid Aeric Calciaquolls

TYPI CAL PEDON: Bearden silty clay loamon a plane slope of less than 1 percent
under cropland. \When described the soil was moist throughout. (Colors are for
nmoi st soil unl ess otherw se stated)

Ap--0 to 7 inches; black (10YR 2/1) silty clay | oam very dark gray (10YR
3/1) dry; moderate very fine subangul ar bl ocky structure parting to noderate
fine granular; very hard, friable, slightly sticky and slightly plastic; common
fine roots; many fine pores; few threads of carbonates; strong effervescence (8
percent cal cium carbonate); slightly al kaline; abrupt snooth boundary.
(Conbi ned A horizons 6 to 14 inches thick)

ABk--7 to 18 inches; dark gray (10YR 4/1) and very dark gray (10YR 3/1)
silty clay loam gray (10YR 5/1) and dark gray (10YR 4/1) dry, gray (10YR 6/1)
dry in the | ower part; weak coarse and nedi um subangul ar bl ocky structure; very
hard, friable, sticky and plastic; conmon fine roots; many fine pores; few fine
masses of carbonates; di ssem nated carbonates throughout with the anmount
increasing with depth; violent effervescence (15 to 20 percent cal cium
carbonate); noderately al kaline; clear irregular boundary. (0 to 14 inches
t hi ck)

Bk1--18 to 28 inches; light olive brown (2.5Y 5/4) silty clay loam 1light
yel | owi sh brown (2.5Y 6/4) dry; nmoderate nmedium and fine subangul ar bl ocky
structure; hard, friable, sticky and plastic; few fine roots; many fine pores;
viol ent effervescence (25 percent calcium carbonate); noderately al kaline; clear
wavy boundary.

Bk2--28 to 36 inches; olive brown (2.5Y 4/4) silty clay loam |ight
yel |l owi sh brown (2.5Y 6/4) dry; few fine faint gray (5Y 5/1) and few fine and
medi um prom nent very dark brown (10YR 2/2) redoxi norphic depletions; weak
coarse subangul ar bl ocky structure parting to noderate fine and very fine
subangul ar bl ocky; hard, friable, sticky and plastic; few fine pores; few nmasses
of carbonates; violent effervescence (15 percent cal cium carbonate); noderately
al kal i ne; clear wavy boundary. (Combined Bk horizons 0 to 54 inches thick)

Cl--36 to 46 inches; light olive brown (2.5Y 5/4) lamnated silty clay
| oam light yellowi sh brown (2.5Y 6/4) dry; comon medium and fine distinct gray
(5Y 5/1) redoxinmorphic depletions and comopn nedi um prom nent dark yell ow sh
brown (10YR 4/4) redoxi norphic concentrations; few black nonnanganese spots;
massi ve; very hard, friable, sticky and plastic; masses of gypsumcrystals; few
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masses of carbonates; strong effervescence (15 percent cal ci um carbonate);
noder ately al kaline; gradual wavy boundary.

C2--46 to 60 inches; light olive brown (2.5Y 5/4) |lam nated silty clay
| oam |ight yellow sh brown (2.5Y 6/4) dry; common distinct gray (5Y 5/1) redox
depl etions and many fine and nedi um prom nent dark yell owi sh brown (10YR 4/ 4)
and strong brown (7.5YR 5/6) redoxinorphic concentrations; massive; very hard,
firm sticky and plastic; few nasses of carbonates; strong effervescence (15
percent cal cium carbonate); slightly alkaline

TYPE LOCATI ON: Penbi na County, North Dakota, about 2 miles north and 3 mles
east of St. Thomas; 640 feet east and 160 feet south of the northwest corner,
sec. 29, T. 160 N., R 52 W

RANGE | N CHARACTERI STICS: The mollic epi pedon ranges from 7 to 20 inches thick
The soil is slightly alkaline or noderately al kaline. Saline phases are
recogni zed.

The Ap or A horizon has hue of 10YR, 2.5Y, 5Y, or is neutral, value of 2 or 3
and 3 to 5 dry, and chroma of 1 or less. It typically is silty clay |oam but
some is loam silt loam clay loamor silty clay. The A horizon contains 1 to
10 percent carbonates. Sone pedons have tongues of A horizon extending into Bk
hori zon.

The ABK horizon has hue of 10YR, 2.5Y or is neutral, value of 2 to 5 and 3 to 6
dry, and chroma of 2 or less. It is silt loamor silty clay loam It is
slightly al kaline or noderately alkaline.

The Bk horizon has hue of 10YR, 2.5Y, or 5Y, value of 3 to 7 and 5 to 7 dry, and
chroma of 1 to 4. It is silt loamor silty clay loam It contains 15 to nore

t han 30 percent carbonates. Mst of this is dissem nated. Sone pedons contain
few or comon, faint to pron nent redoxinorphic features in this horizon. Sone
pedons have Bky or BCk hori zons.

The C horizon has hue of 2.5Y or 5Y, value of 4 to 7 and 5 to 8 dry, and chronm

of 2 to 4. In sone pedons below 30 inches the hue is neutral and the chroma is
1 or less. The texture of the C horizon typically is silty clay |oam or
| am nated silt |loamand silty clay loam In sonme pedons below a depth of 40

i nches the textures range fromgravelly coarse sand to clay. Sone pedons do not
have a C horizon within a depth of 60 inches.

COWPETI NG SERI ES: These are the Cubden, Gunclub, Ml ntosh and Saunders series.

Cubden and Mclntosh soils forned in a silt mantle over glacial till and have 2C
hori zons containing 15 percent fine sand and coarser. Gunclub soils have clay
till within depths of 40 to 60 inches. Saunders soils are poorly drained and

have silty clay and clay textures within a depth of 40 inches.

GEOGRAPHI C SETTI NG. Bearden soils are on level and nearly level glacial I|ake
plains. Slopes are 0 to 3 percent. The soils formed in calcareous silt | oam
and silty clay loam |l acustrine sedinents. The climate is cool, subhum d. The
mean annual air tenperature ranges from 36 to 45 degrees F, and the nmean annual
precipitation from 15 to 24 inches. Frost-free period ranges from90 to 145
days. Elevation ranges from 650 to 2000 feet above sea |evel

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Antler, Beotia, Colvin, Gardena,
G yndon, Hegne, Overly and Perella soils. Antler soils are on adjacent
i nterbeach areas where | ake sedinents are noderately deep over till. They are
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fine-1oany. Beotia, Colvin, Overly and Perella soils are in a drainage sequence
with Bearden soils. Beotia and Overly soils are at higher elevations in the

| ake plain. They do not have calcic horizons within depths of 16 inches and
have Bw horizons. Colvin and Perella soils are in swales and lower lying flats
and basins. Colvin soils are poorly drained. Perella soils do not have calcic
hori zons within a depth of 16 inches. dyndon soils are on adjacent areas.

They are coarse-silty. Gardena soils are on nearby |ake plains at higher

el evations. They do not have calcic horizons within depths of 16 inches and are
coarse-silty. Hegne soils are on adjacent |ake plains. They are fine

DRAI NAGE AND PERMEABI LI TY:  Somewhat poorly drained. Runoff is negligible to
high. Pernmeability is slow to noderate. A seasonal high water table is at
depths of 1.5 to 3.5 feet at sonme time during the period of April through June.

USE AND VEGETATION: Soils are nearly all cropped to small grains and row crops
such as sugar beets. Native vegetation was big bluestem swi tchgrass, western
wheat grass, and a variety of forbs.

DI STRI BUTI ON AND EXTENT: The Red River Valley in eastern North Dakota and
northwestern M nnesota, and in glacial [ake plains in northeastern South Dakota
and central North Dakota. The series is of |arge extent.

MLRA OFFI CE RESPONSI BLE: Bismarck, North Dakota
SERI ES ESTABLI SHED: Ransom County, North Dakota, 1906.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nmollic
epi pedon - the zone fromthe surface of the soil to the depth of 7 inches (Ap
horizon); calcic horizon the zone from7 to 36 inches (ABk, Bkl, and Bk2

hori zons); characteristics associated with wetness - calcic horizon (ABk, Bkl,
and Bk2 horizons).

Were the soil has previously correlated as nmoderately well drained it should be
recorrelated to the Rondell series (Aquic Calciudolls).

ADDI TI ONAL DATA: Type location | aboratory data S54NDak-34-1; additional data
ND51- P- 6, S53ND-9-5, S53ND-9-6, S57ND-18-1, and S54ND- 34- 2.

Nat i onal Cooperative Soil Survey
U S A
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LOCATI ON BORUP MN+ND SD

Est abl i shed Seri es
RBH- CJH
05/ 2000

BORUP SERIES

The Borup series consists of very deep, poorly and very poorly drained soils
that formed in | oany cal careous lacustrine sedinments on | ake plains. These
soils have noderate or nmoderately rapid perneability and slopes of 0 to 3
percent. Mean annual precipitation is about 20 inches. Mean annual tenperature
is about 40 degrees F.

TAXONOM C CLASS: Coarse-silty, m xed, superactive, frigid Typic Calciaquolls

TYPI CAL PEDON: Borup silt loam with a slightly concave slope of less than 1
percent in a shallow depression on a glacial lake plain in a cultivated field.
(Colors are for moist soil unless otherw se stated)

Ap--0 to 7 inches; black (10YR 2/1) silt loam very dark gray (10YR 3/1)
dry; weak fine and medi um subangul ar bl ocky structure; slightly hard, friable,
slightly sticky and plastic; few very fine roots; strong effervescence; slightly
al kal i ne; abrupt smooth boundary.

A--7 to 12 inches; black (10YR 2/1) silt loam very dark gray (10YR 3/1)
dry; weak fine and nmedi um subangul ar bl ocky structure; hard, friable, slightly
sticky and plastic; few very fine roots; strong effervescence; noderately
al kali ne; clear snooth boundary. (Conbined A horizons 4 to 14 inches thick)

Bkg--12 to 28 inches; gray (5Y 5/1) silt loam light gray (5Y 6/1) dry;
weak fine and medi um subangul ar bl ocky structure; hard, friable, sticky and
pl astic; tongues of very dark grayish brown (10YR 3/2) material to a depth of 18
i nches; common fine and nedi um masses of gypsum crystals in the | ower part;
viol ent effervescence; noderately al kal i ne; gradual wavy boundary.

Bkyg--28 to 34 inches; dark gray (5Y 4/1) silt loam Ilight gray (10YR 6/1)
dry; massive; slightly hard, very friable, slightly sticky and slightly plastic;
common fine and medi um masses of gypsum crystals; violent effervescence;
noder ately al kal i ne; gradual wavy boundary. (Conbined Bkg horizons 6 to 30
i nches thick)

Cg--34 to 60 inches; grayish brown (2.5Y 5/2) very fine sandy | oam 1ight
browni sh gray (2.5Y 6/2) dry; conmmon medi um and coarse distinct |ight yellow sh
brown (2.5Y 6/4) redoxinorphic concentrations; massive; slightly hard, very
friable, slightly sticky and slightly plastic; strong effervescence; noderately
al kal i ne.

TYPE LOCATI ON: Grand Forks County, North Dakota; about 7 miles east and 4 miles
north of Northwood; 1,000 feet west and 40 feet south of the northeast corner of
sec. 22, T. 150 N., R 53 W

RANGE | N CHARACTERI STICS: The thickness of nollic epipedon ranges from7 to 20
inches. This soil is typically slightly al kaline or noderately al kaline
t hroughout but is strongly alkaline in the Bk horizon of sonme pedons. These
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soils do not have rock fragnents to depths of 40 inches or nore. |In the 10- to
40-inch particle-size control section, the average content of noncarbonate clay
is less than 18 percent. The calcium carbonate content in that section ranges
from 15 to 40 percent with the higher values being in the calcic horizon.

The A horizon has hue of 10YR, 2.5Y, 5Y or is neutral, value of 2 or 3, and
chroma of 1 or less. Texture is very fine sandy loam loam silt loamor silty
clay loam Sone pedons have an Ak or ABK horizon up to 10 inches thick.

The Bk horizon has hue of 10YR, 2.5Y or 5Y, value of 4 to 6, and chroma of 1 or
2. Texture is loany very fine sand, very fine sandy |loam |oamor silt |oam
It does not have accunul ati ons of gypsumin sone pedons.

The C horizon has hue of 10YR, 2.5Y, 5Y or neutral, value of 4 to 6, and chroma
of 3 or less and typically has redoxi norphic features. Value of 7 is allowed
bel ow depths of 48 inches. Texture is very fine sand, |oanmy very fine sand,
very fine sandy loam |oamor silt | oam

Some pedons have a Bg horizon and/or do not have a Cg horizon

A 2C horizon of loany till or clayey |acustrine sedinents or sandy or gravelly
sedi nents begins at depths as shallow as 40 inches in sone pedons.

COVPETI NG SERIES: No other series is in this famly.

GEOGRAPHI C SETTING: These soils are on flats and in depressions and swal es on
| ake plains. Slope gradients are less than 3 percent. They fornmed in

cal careous | acustrine sediments of Late W sconsinan Age. Mean annual air
tenmperature is 36 to 45 degrees F, and nean annual precipitation ranges from 15
to 24 inches. The frost-free days range from 90 to 145. Elevation above sea

| evel ranges from 800 to 2000 feet.

GEOGRAPHI CALLY ASSCOCI ATED SO LS: These are the Augsburg, dyndon and Weatville
soils. Augsburg and Wheatville soils have clayey material above 40 inches.

G yndon and Wheatville soils are on slightly higher lying terrain and are
somewhat poorly drained.

DRAI NAGE AND PERMEABI LI TY: Very poorly and poorly drained. Runoff is very slow
or ponded. Permeability is nmpderate or noderately rapid. Depth to an apparent
seasonal high water table is as high as +0.5 to 1.5 feet at sonme time from Apri
through June in nobst years. Depressional areas have an apparent seasonal high
water table as high as +1.0 to 1.0 feet sonme tine during nost years.

USE AND VEGETATI ON: Most of these soils are cropped to snall grains, potatoes,
sugar beets, and corn. Undrained areas are used for pasture or hay. Native
vegetation was a wet-site comunity of the tall grass prairie.

DI STRI BUTI ON AND EXTENT: Northwestern and western M nnesota, eastern North
Dakota, and northeastern South Dakota primarily in the Red River Valley.
Moder at el y ext ensi ve.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota

SERI ES ESTABLI SHED: Sargent County, North Dakota, 1961.

REMARKS: Di agnostic horizon and features recognized in this pedon are: nollic
epi pedon - fromthe surface of the soil to a depth of 12 inches (Ap and A
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horizons); calcic horizon - 12 inches to 34 inches (Bkg and Bkyg horizons);
aqui ¢ noi sture regine.

Nat i onal Cooperative Soil Survey
U S. A
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LOCATI ON CASHEL ND+WN

Est abl i shed Series
Rev. CJH
4/ 96

CASHEL SERIES

The Cashel series consists of very deep, sonewhat poorly drained, noderately
slomy and slowy perneable soils that formed in recent fine-textured alluvium
These soils are on flood plains and have slopes of 0 to 25 percent. Mean annua
air tenperature is 39 degrees F and nean annual precipitation is 19 inches.

TAXONOM C CLASS: Fine, snectitic, calcareous, frigid Aquertic Udifluvents

TYPI CAL PEDON: Cashel silty clay - on a |level plane slope of less than 1
percent under cropland. (Colors are for noist soil unless otherw se stated)

Ap--0 to 7 inches; black (10YR 2/1) silty clay, dark gray (10YR 4/1) dry;
strong fine subangul ar bl ocky structure; hard, friable, sticky and plastic; few
fine roots; slight effervescence; slightly alkaline; abrupt snooth boundary.

C--7 to 29 inches; very dark grayish brown (2.5Y 3/2) and olive (5Y 4/3)
silty clay, grayish brown (2.5Y 5/2) and pale olive (5Y 6/3) dry; conmmon fine
prom nent dark reddi sh brown (5YR 3/4) redox concentrations; weak nedium platy
structure parting to noderate fine granular; hard, friable, sticky and very
plastic; few fine roots; strata of silty clay loamand silty clay 1/2 to 1 inch
thick; few fine masses of carbonates in the |lower part; strong effervescence;
noderately al kali ne; abrupt snooth boundary.

Ab--29 to 35 inches; very dark gray (5Y 3/1) silty clay, gray (5Y 5/1) dry;
few fine promi nent strong brown (7.5YR 5/6) nottles; noderate nedium granul ar
structure; very hard, firm very sticky and very plastic; few fine masses of
carbonates; strong effervescence; noderately al kaline; clear snooth boundary.

C--351t0 47 inches; olive gray (5Y 4/2) silty clay |loam |I|ight olive gray
(5Y 6/2) dry; few fine proninent strong brown (7.5YR 5/6) and |ight olive brown
(2.5Y 5/6) nottles; massive; hard, firm sticky and very plastic; few fine
masses of carbonates; strong effervescence; noderately al kaline; clear snooth
boundary.

A ' b--47 to 60 inches; black (N 2/0) silty clay, dark gray (N 4/0) dry; few
fine prom nent dark reddish brown (5YR 3/4) redox concentrations; massive
extrenmely hard, very firm very sticky and very plastic; few fine masses of
carbonates; strong effervescence; slightly al kaline.

TYPE LOCATI ON: Cavalier County, North Dakota; about 6 niles east and 4 mles
north of Vang; 750 feet east and 400 feet north of the southwest corner, sec. 2,
T. 163 N., R 57 W

RANGE | N CHARACTERI STICS: The 10- to 40-inch control section typically is silty
clay or clay in the major part averagi ng between 50 and 60 percent clay, but
ranges from 35 to 60 percent clay including silty clay loamwi th or without thin
strata of silt loam The upper horizons are |lam nated or finely stratified
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The soil is slightly alkaline or nmoderately al kaline throughout. One or nore Ab
hori zons are within depths of 60 inches in nost pedons.

The A horizon has hue of 10YR or 2.5Y, value of 2 or 3 and 3 to 5 dry, and
chroma of 1 or 2. It is silty clay loam silty clay or clay. It is finely
stratified in uncultivated areas. Sone pedons have a thin A horizon bel ow the
Ap hori zon.

The C horizon has hue of 2.5Y, 5Y, 10YR or is neutral, value of 2 to 5 and 4 to
7 dry, and chroma of 3 or less. It is laminated silty clay or silty clay |oam
but includes clay with or without thin strata of silt loam It contains 1 to 10
percent carbonates diffused throughout the soil; and some accunul ati ons as

t hreads or masses. Sone pedons have fragments of snail shells. |t does not
have redox features in sone pedons.

COWVPETI NG SERIES: There are no other series in the sane famly.

GEOGRAPHI C SETTI NG: Cashel soils are on flood plains. Slope gradients range
fromO to 25 percent. Stream nmeanders and channels cut up the soil areas in

pl aces. The soil formed in recent alluviumwashed fromfine-textured soils high
in organic matter. The mean annual air tenperature ranges from 38 to 45 degrees
F, and the mean annual precipitation ranges from 18 to 22 inches.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Bearden, Colvin, Fairdale,
Fargo, Hegne, La Prairie, Ludden, Nutley, Overly and Wahpeton soils. Bearden
Colvin and Overly soils are on nearby | ake plains higher on the | andscape above
the flood plain. These soils are fine-silty and have regul ar decrease in
organic matter. Fairdale, La Prairie and Ludden soils are on the sane flood

pl ain as Cashel soils. Fairdale and La Prairie soils are fine-loanmy. Ludden
soils have mollic epipedon nore than 24 inches thick and are poorly drained.
Fargo, Hegne and Nutley soils are on adjacent |ake plains higher on the

| andscape. Fargo soils have a regul ar decrease in organic matter and Bw

hori zons. Hegne soils have calcic horizons within depths of 16 inches. Nutley
soils have a nollic epipedon and a regul ar decrease of organic carbon with
depth. Wahpeton soils are on |evees and | ess frequently fl ooded areas on the
flood plains. They have a nollic epipedon nore than 16 inches thick.

DRAI NAGE AND PERMEABI LI TY:  Somewhat poorly drained. Modderately slow or slow
pernmeability. Runoff is negligible to very high depending on slope. These
soils are flooded early in the spring following snow nelt and after severe
sunmer storns. They have a seasonal high water table at depths of 2 to 4 feet
during and i medi ately after periods of flooding.

USE AND VEGETATI ON: Sone areas are cropped to spring seeded snmall grains.
Native vegetation is tall prairie grasses, m xed hardwoods and shrubs.

DI STRI BUTI ON AND EXTENT: Eastern North Dakota and western M nnesota, mainly
along the Red River. The soil is of npderate extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota
SERI ES ESTABLI SHED: Ri chl and County, North Dakota, June 1970.

REMARKS: Di agnostic horizons and features recognized in this pedon are:
criteria for Aquertic subgroup - saturated with water between a depth of 50 cm
and 1 mat some period during the year and an LE of 6 cmor nore in the top 1
m.
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VWhere the series was mapped in some ol der surveys and on slunping areas of 6 to

25 percent slopes the series has a deep water table and may consist dom nantly
of Vertic or Mollic Udifluvents.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON CAVOUR SD+ND

Est abl i shed Series
Rev. DNMH- BOK
10/ 98

CAVOUR SERIES

The Cavour series consists of very deep, noderately well and well drained soils
formed in glacial till on uplands. The soils have slow or very sl ow
pernmeability. Slopes range fromO to 6 percent. Mean annual precipitation is
about 21 inches, and nmean annual air tenperature is about 43 degrees F.

TAXONOM C CLASS: Fine, snectitic, frigid Calcic Natrudolls

TYPI CAL PEDON: Cavour |loam - on a nearly level glacial till plain under
grassl and. \When described the soil was slightly nmoist to 38 inches and mpi st
below. (Colors are for dry soil unless otherw se stated.)

A--0 to 6 inches; very dark gray (10YR 3/1) |loam black (10YR 2/1) npist;
noderate fine and nmedi um granul ar structure; slightly hard, friable; neutral;
abrupt snooth boundary. (4 to 10 inches thick)

E--6 to 8 inches; gray (10YR 5/1 and 10YR 6/1) silt |loam dark gray (10YR
4/ 1) and very dark gray (10YR 3/1) noist; weak thin platy structure; slightly
hard, very friable; neutral; abrupt wavy boundary. (0 to 4 inches thick)

Btnl--8 to 13 inches; dark gray (10YR 4/1) clay, black (10YR 2/1) noist;
noderate coarse columar structure parting to strong medi um and fine bl ocky;
extrenmely hard, very firm sticky and plastic; thin |ight gray (10YR 6/1) caps
about 1/4 inch thick on tops of columms; neutral; gradual irregular boundary.

Btn2--13 to 19 inches; dark gray (10YR 4/1) clay, black (10YR 2/1) nvist;
weak medi um and fine prismatic structure parting to strong nedium and fine
bl ocky; extrenely hard, firm sticky and plastic; noderately al kaline; clear
wavy boundary.

Btnyz--19 to 24 inches; dark gray (5Y 4/1) clay, very dark grayish brown
(2.5Y 3/2) noist; nmoderate fine and nedi um bl ocky structure; very hard, firm
sticky and plastic; commn fine and medi um accurul ati ons of gypsum and ot her
salts; nmoderately al kaline; gradual wavy boundary. (Conbined thickness of Btn
horizons is 9 to 24 inches.)

Byz--24 to 32 inches; grayish brown (2.5Y 5/2) clay |oam dark grayish brown
(2.5Y 4/2) noist; noderate nmedi um and coarse subangul ar bl ocky structure; very
hard, firm sticky and plastic; comon fine and nmedi um accunul ati ons of gypsum
and other salts; slight effervescence; noderately al kaline; gradual wavy
boundary. (0 to 20 inches thick)

Cl--32 to 43 inches; |light brownish gray (2.5Y 6/2) clay |loam olive brown
(2.5Y 4/4) noist; conmmon fine distinct of gray (2.5Y 5/1) redox depletions and
prom nent yell owi sh brown (10YR 5/6) redox concentrations; massive; hard, firm
sticky and plastic; few to common fine and nedi um accumul ati ons of gypsum and
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other salts; strong effervescence; noderately al kaline; gradual wavy boundary.
(0 to 16 inches thick)

C2--43 to 60 inches; light brownish gray (2.5Y 6/2) clay | oam olive brown
(2.5Y 4/4) noist; comon fine prom nent yellow sh red (5YR 5/8) and strong brown
(7.5YR 5/6) redox concentrations and conmon medi um di stinct gray (5Y 5/1) redox
depl etions; massive; hard, firm sticky and plastic; fewto comon fine and
medi um accurul ati ons of gypsum and other salts; strong effervescence; slightly
al kal i ne.

TYPE LOCATI ON: Roberts County, South Dakota; about 3 miles south of Wlnot; 162
feet east and 51 feet north of the southwest corner of sec. 19, T. 122 N., R 49
W

RANGE | N CHARACTERI STICS: Depth to carbonates ranges from 14 to 35 inches.
Depth to accunul ati ons of gypsum and other salts ranges from 16 to 45 inches.
Thi ckness of the nmollic epipedon typically is over 16 inches but ranges from7
to 35 inches. The natric horizon has an estimted SAR or ESP of 10 to 20.

The A horizon has hue of 10YR or is neutral, value of 3 to 5 and 2 or 3 npist.

It typically is loamor silt loam but is clay loamin some pedons. Sonme pedons
have up to 25 percent stones on the surface. It ranges fromslightly acid to
slightly al kaline.

The E horizon has value of 3 to 7 and 2 to 5 moist, and chroma of 1 or 2. It is
silt loamor loam but is fine sandy |loamin some pedons. It ranges from
slightly acid to slightly alkaline. Wen cultivated, the A and E horizons
become m xed.

The Btn and Btnyz horizons have hue of 10YR, 2.5Y, or 5Y; value of 3 to 5 and 2
to 4 noist; and chroma of 3 or less. They are clay |oam clay, silty clay, or
silty clay | oam averagi ng between 35 to 50 percent clay with nore than 15
percent fine sand or coarser. Reaction ranges fromneutral to strongly

al kal i ne. Accunul ati ons of gypsum and other salts are not present in the | ower
part of this horizon in sonme pedons.

The Byz horizon has hue of 10YR, 2.5Y, or 5Y; value of 5 or 6 and 4 or 5 nvist;
and chroma of 1 to 3. It is loam clay loam silty clay loam silty clay, or
clay and ranges fromslightly alkaline to strongly al kaline. Sone pedons do not
have gypsum accumul ati ons.

Some pedons have a Bk horizon. It is loam clay loam silty clay loam silty
clay or clay. Sone Bk horizons have accumul ati ons of gypsum and other salts.

The C horizon has hue of 2.5Y or 5Y, value of 5 to 7 and 4 or 5 mpist, and
chroma of 1 to 4. It is loamor clay |oam and ranges fromslightly alkaline to
strongly al kaline. Accunul ati ons of gypsum and other salts are few to comon in
the C hori zon.

COVPETI NG SERI ES: These are the Nahon and Rich series. Nahon soils are varved
within depths of 40 inches and typically contain nmore silt and very fine sand.
Rich soils typically do not have E horizons and have a drier soil npisture
control section.

GEOGRAPHI C SETTI NG. The Cavour soils are on uplands having plane and slightly
convex slopes. Slope gradients typically are 0 to 3 percent but range fromO to
6 percent. Cavour soils formed in firmloam and clay |loamglacial till. The
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mean annual air tenperature ranges from 38 to 48 degrees F, and the mean annual
precipitation ranges from 16 to 24 inches. G ow ng season is about 120 to 130
days; average growi ng season precipitation ranges from 14 to 18 inches; and
growi ng degree days are about 2500 to 2800

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Aastad, Cresbard, Forman,

M randa, Parnell, Peever, and Tonka soils. Cresbard and Mranda soils are on
simlar positions on the |andscape. Aastad, Forman, Parnell, Peever, and Tonka
soils do not have natric horizons. In addition, Aastad soils are in swales.

Forman soils are on higher positions on the | andscape. Peever soils are on
sim | ar nearby |level |andscapes and on slight rises. Parnell and Tonka soils
are very poorly and poorly drained and are in closed depressions.

DRAI NAGE AND PERMEABI LI TY: Moderately well and well drained. Runoff is lowto
very high. Perneability is slow or very sl ow

USE AND VEGETATI ON: These soils are used for growing small grains, corn, feed
grains, and alfalfa. Native vegetation mainly is western wheatgrass, green
needl egrass, blue gramm, buffal ograss, sedges, and forbs.

DI STRI BUTI ON AND EXTENT: Nort heastern South Dakota and eastern North Dakot a.
The series is of npbderate extent.

MLRA OFFI CE RESPONSI BLE: Bismarck, North Dakota

SERI ES ESTABLI SHED: Beadl e County, South Dakota, 1943.

REMARKS: Di agnostic horizons and features recognized in this pedon are: mollic
epi pedon - the zone fromthe surface of the soil to a depth of about 24 inches

(A, E, Btnl, Btn2, Btnyz horizons); Natric horizon - the zone from about 8 to 24
inches (Btnl, Btn2, Btnyz horizons).

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON CLAI RE ND+WN

Est abl i shed Seri es
Rev. HWO- MDS- CJH
3/ 89

CLAIRE SERIES

The Claire series consists of deep, excessively drained, rapidly perneable soils
that fornmed in coarse sand. These soils are on glacial outwash or delta plains
and have slopes ranging fromO to 25 percent. Mean annual tenperature is 42
degrees F, and nmean annual precipitation is 20 inches.

TAXONOM C CLASS: M xed, frigid Typic Udi psaments

TYPI CAL PEDON: Claire |oanmy coarse sand - on a south-facing convex slope of 1
percent under cropland. Where described the soil was dry to 20 i nches and npi st
20 to 60 inches. (Colors are for dry soil unless otherw se stated.)

Ap--0 to 8 inches; dark gray (10YR 4/1) |oany coarse sand, black (10YR 2/1)
nmoi st; very weak fine subangul ar bl ocky structure parting to single grained,
| oose; common roots; neutral; abrupt snooth boundary. (Combined A horizons 2 to
15 inches thick)

AC--8 to 14 inches; dark grayish brown (10YR 4/2) coarse sand, very dark
grayi sh (10YR 3/2) npoist; weak very coarse prismatic structure parting to single
grai ned; |oose; few roots; neutral; clear wavy boundary. (0 to 10 inches thick)

Cl--14 to 19 inches; dark grayish brown (10YR 4/2) coarse sand, very dark
grayi sh brown (10YR 3/2) mpoist; single grained; few roots; mldly alkaline;
cl ear wavy boundary.

C2--19 to 48 inches; grayish brown (10YR 5/2) coarse sand, dark grayish brown
(10YR 4/2) noist; single grained; mldly al kaline; abrupt smooth boundary.

C3--48 to 60 inches; light gray (10YR 7/1) fine sand, dark grayish brown
(2.5Y 4/2) noist; conmon medi um dark reddi sh gray (5YR 4/2) nmpist; nottles;
single grained; slight effervescence; noderately al kaline

TYPE LOCATI ON: Eddy County, North Dakota; about 1 mile south and 5 nmiles west
of Hamar; 2540 feet east and 670 feet north of the southwest corner, sec. 2, T.
150 N., R 63 W

RANGE | N CHARACTERI STICS: The 10- to 40-inch control section is typically
coarse sand, sand, or |oamy coarse sand. The soil ranges fromslightly acid in
the upper part to noderately alkaline in the Iower part. Were the |ower part
of the surface layer has value of 5 or less dry and 3 or less noist it contains
I ess than 1 percent organic matter.

The A horizon has hue of 10YR, value of 4 to 6 and 2 to 4 noist, and chrom of 1
or 2. It typically is loany coarse sand or |oany sand, but sone is coarse sand,
sand, sandy |oam or coarse sandy | oam Sone pedons have Ab horizons.
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The AC horizon has hue of 10YR, value of 4 to 6 and 3 or 4 noist, and chroma of
2. It is loamy coarse sand, |oany sand or coarse sand.

The C horizon has hue of 10YR or 2.5Y, value of 4 to 7 and 3 to 5 moist, and
chroma of 1 to 6. It commnly does not have carbonates, but sonme peds have
slight effervescence at depths of 30 to 50 inches. Sone pedons have coarser or
finer textured materials at depths of 40 to 60 inches.

COWPETI NG SERI ES: These are Friendship, Grayling, Mahtomedi, Menahga, Nynore,
Onega, Pel kie, Plainbo, Sartell, Serden, Shawano, and Sunday in the sane famly
and the Bl anchard, Hubbard, Lino, Lohnes, Poppleton, Redby, Seroco, and Yetul
series. Friendship soils have distinct nottles within depths of 36 inches.
Grayling, Menahga, Nynore, Sartell, and Sunday soils are mediumto very strongly
acid. Mahtonmedi soils have a Bw horizon. Orega and Pel kie soils are nore acid.
Pl ai nbo soils have bedrock within depths of 20 to 40 inches. Serden soils have
fine sand in the series control section. Shawano soils have B horizons with hue
of 7.5YR and chroma of 4 or higher. Blanchard series and Yetull soils are drier
In addition, Blanchard soils contain carbonates throughout the series contro
section. Hubbard and Lohnes soils have nollic epipedons. Lino, Poppleton, and
Redby soils have seasonal water tables within depths of 30 to 50 inches and

di stinct nottling within depths of 30 inches.

GEOGRAPHI C SETTING: Claire soils are on level to hilly glacial outwash or delta
pl ains. Slope gradients typically range fromO to 4 percent but are as steep as
25 percent. The soils fornmed in coarse sand. The climate is subhunmd, with
short warm sumers and | ong cold winters. Mean annual tenperature ranges from
38 to 45 degrees F, and mean annual precipitation from 16 to 22 inches. Most of
the precipitation comes in the spring and sumer.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the conpeting Lohnes and Serden
soils and the Hamar, Hecla, and Maddock soils. Lohnes soils are in less sloping
and concave areas in the same plain as the Claire soils. Serden soils are on
nearby plains. Hamar soils are in concave swal es and basins and are poorly

drai ned. Hecla and Maddock soils are on nearby plains and contain | ess coarse
sand and nmore fine and very fine sand. Hecla and Maddock soils have mollic

epi pedons.

DRAI NAGE AND PERMEABI LI TY: Excessively drained. Little or no runoff when the
soil is not frozen. Perneability is rapid.

USE AND VEGETATION: Soils are cropped to small grains and tame grass and are
used for range and pasture. Native vegetation is as prairie sandreed, sand

bl uestem Pennsylvani a sedge, sand dropseed, needl eandt hread, some forbs and
shrubs.

DI STRI BUTI ON AND EXTENT: Eastern North Dakota. The soil is of npderate extent.
MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a

SERI ES ESTABLI SHED: Lanoure County, North Dakota, 1971.

REMARKS: Revi sed 2/89.

Di aghostic horizons and features recognized in this pedon are: ochric epipedon
- the zone fromthe surface of the soil to a depth of 14 inches (A and AC

hori zons); coarse sand texture between 10 and 40 inches (AC, Cl1, and C2

hori zons) .
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ADDI TI ONAL DATA: Refer to S60ND-14-1 (1-6), North Dakota Agricul tural
Experi ment Station.

Nat i onal Cooperative Soil Survey
U. S. A
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LOCATI ON COLVI N ND+WMN MI' SD

Est abl i shed Seri es
CIH
06/ 2001

COLVIN SERIES

The Colvin series consists of very deep, poorly and very poorly drained,
noderately to slowy perneable soils formed in silt loamand silty clay | oam
sedi nents. These soils are in concave shall ow swal es and depressions on gl aci a
| ake plains, in outwash channels, on streamterraces and in drainageways on til
plains. Slope ranges fromO to 2 percent. Mean annual air tenperature is 41
degrees F and nean annual precipitation is 18 inches.

TAXONOM C CLASS: Fine-silty, m xed, superactive, frigid Typic Cal ciaquolls

TYPI CAL PEDON: Colvin silty clay loamon a | evel concave slope less than 1
percent under native grass. Wen described the soil was npist throughout.
(Colors are for moist soil unless otherw se stated)

A--0 to 10 inches; black (10YR 2/1) silty clay loam dark gray (10YR 4/1)
dry; weak coarse prismatic structure parting to noderate medi um granul ar; hard,
friable, sticky and plastic; many roots; many fine pores; strong effervescence
slightly al kaline; clear wavy boundary. (6 to 16 inches thick)

Bkgl--10 to 20 inches; gray (5Y 6/1) and olive gray (5Y 5/2) silty clay | oam
gray (N 6/0) and white (N 8/0) dry; very weak medi um subangul ar bl ocky structure
parting to weak fine granular; hard, friable, slightly sticky and plastic;
common roots; common fine pores; few masses of carbonates; violent
ef fervescence; mpderately al kaline; gradual wavy boundary.

Bkg2--20 to 30 inches; light olive gray (5Y 6/2) and olive gray (5Y 5/2)
silty clay loam |ight gray (5Y 7/1) and gray (5Y 6/1) dry; conmmon medi um
prom nent |ight olive brown (2.5Y 5/6) redoxinorphic concentrations; very weak
fine subangul ar bl ocky structure; hard, friable, slightly sticky and plastic;
few roots; comon pores; strong effervescence; noderately al kaline; gradual wavy
boundary. (Combi ned Bkg horizons 8 to 54 inches thick)

Cg--30 to 60 inches; olive gray (5Y 5/2) silty clay loam light gray (5Y 7/2)
dry; many coarse prom nent yellow sh brown (10YR 5/8) and few medi um prom nent
yel l owi sh red (5YR 5/6) redoxi morphic concentrations; massive; hard, friable,
sticky and plastic; strong effervescence in upper part, gradually decreases to
slight effervescence at 50 inches; noderately al kaline.

TYPE LOCATI ON: LaMoure County, North Dakota; about 1 mile south and 2 niles
east of Marion; about 75 feet north and 65 feet east of the southwest corner,
sec. 18, T. 136 N., R 60 W

RANGE | N CHARACTERI STICS: The nollic epi pedon ranges from7 to 24 inches in

t hi ckness. The top of the calcic horizon is at depths of |ess than 16 inches.
In sone pedons the |lower part of the nollic epipedon is part of the calcic

hori zon. The 10- to 40-inch particle-size control section typically has 20 to
30 percent noncarbonate clay and ranges from 18 to 35 percent. It contains |ess
than 15 percent fine sand and coarser. Saline phases are recognized
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The A horizon has hue of 10YR, 2.5Y, 5Y or is neutral, value of 2 or 3 and 3 or
4 dry, and chroma of 1 or less. It typically is silt loamor silty clay |oam
but the range includes clay loamand silty clay. It is neutral to noderately

al kaline. Some pedons have an Ak or ABK horizon. Where present they have hue
simlar to the A horizon, and value of 3 or 4 and 4 to 6 dry, and chroma of 1 or
2

The Bkg or Bk horizon has hue of 10YR, 2.5Y, 5Y or is neutral, value of 3 to 7
and 5 to 8 dry, and chroma of 2 or less. Chrom of 3 is allowed below a depth

of 30 inches. It is silt loamor silty clay |loam but clay loamis all owed
bel ow a depth of 25 inches. It is slightly alkaline to strongly alkaline. It
typically has a cal cium carbonate equivalent of 20 to 50 percent. Sone pedons

have Bky, Bkz or BC hori zons.

The Cg horizon has hue of 2.5Y or 5Y, value of 3 to 6 and 5 to 7 dry, and chroma
of 1 to 4. It is silt loamor silty clay loam but clay loamis all owed below a
depth of 25 inches. The Cg horizon bel ow depths of 40 inches typically has
simlar textures. However, in sone pedons the texture ranges from sand to clay
bel ow a depth of 40 inches. The Cg horizon is massive, |am nated or has weak
grades of bl ocky structure. It typically contains few to many redoxi nmorphic
features with chroma of 3 to 8 It is slightly al kaline or noderately al kaline.
Crystals of gypsum and other soluble salts are in some pedons. Sonme pedons do
not have a C horizon within a depth of 60 inches.

COWPETI NG SERI ES: These are the Bear Lake, Col ake, Q ata, Regan and W nger
series. Bear Lake soils have sola mobre than 60 inches thick and have |inme
nodul es in the Bkg horizon. Col ake soils do not have redoxi norphic features
within a depth of 40 inches. Qata soils are strongly saline with conductivity
exceeding 16 mmhos/cm Regan soils contain nmore than 15 percent fine sand or
coarser in the |lower half of the control section. Wnger soils have | oany
glacial till in the Iower part of the control section

GEOGRAPHI C SETTING. Colvin soils are in |level concave shall ow swal es and
depressions on glacial |ake plains, in outwash channels, on streamterraces and
i n drai nageways on till plains. Slopes are 0 to 2 percent. The soils fornmed
in silt loamand silty clay | oam sedi nents. The mean annual air tenperature
ranges from 36 to 48 degrees F, and nmean annual precipitation from 15 to 25
inches. Frost-free period ranges from90 to 145 days. Elevation ranges from
650 to 2000 feet.

GEOGRAPHI CALLY ASSCCI ATED SO LS: These are the conpeting Q ata soils and
Ant | er, Bearden, Borup, Gardena, Hegne, Lamoure, Overly, Perella and Rauville
soils. (Qata soils are on nearby saline swal es and depressions. Antler soils
are on nearby interbeach areas. They are fine-loanmy and have 2C horizons within
depths of 20 to 40 inches of firmglacial till. Bearden, Overly and Perella
soils are in a drainage sequence with Colvin soils. Bearden and Overly soils
are on higher elevations. Overly soils have Bw horizons and do not have
carbonates or calcic horizons within depths of 16 inches. Borup soils are on
near by | ake pl ains where sedinents contain less clay and nore very fine sand.
Hegne soils are on nearby | ake pl ai ns where sedinents are clays. Lanoure and
Rauville soils are on nearby bottom | ands and flood plains of outwash vall eys
and streans. Perella soils are on simlar |andscapes as Colvin soils. Perella
soils do not have calcic horizons within depths of 16 inches.

DRAI NAGE AND PERMEABI LI TY: Poorly and very poorly drained. Runoff ranges from
negligi ble to nmedi um dependi ng on sl ope and surface texture. Water runs onto

Devils Lake Salinity Study: Appendix B2 Page 30
Sheyenne Valley



these soils and ponds for a tinme during wet seasons. The soils commonly are too
wet to cultivate unless drained. Soils on streamterraces occasionally flood
fromstream overflow. Permeability is noderate to slow. An apparent seasona
high water table is at a depth of 0.0 to 1.5 feet at some tine during the period
of March through July in the poorly drained phase. It is at a depth of 1 foot
above the surface to 1 foot below the surface at sone tinme during the period of
Novenmber through July in the very poorly drained phase.

USE AND VEGETATION: Soils are cropped to small grains. Undrained areas are
used for pasture and hay. Native vegetation is slim sedge, wooly sedge, prairie
cordgrass, and a variety of forbs and other sedges.

DI STRI BUTI ON AND EXTENT: Central and eastern North Dakota, western M nnesota
and northeastern South Dakota. The soil is of |arge extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota
SERI ES ESTABLI SHED: Sargent County, North Dakota, 1961.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nollic
epi pedon - the zone fromthe surface of the soil to a depth of 10 inches (A

hori zon); calcic horizon - the zone from 10 to 30 inches (Bkgl and Bkg2

hori zon); characteristics associated with wetness - calcic horizon (Bkgl and
Bkg2 horizons).

ADDI TI ONAL DATA: S66NDak- 14-2; S66NDak-14-7; S66NDak-14-8; S67NDak-50- 3;
S67NDak- 50- 4.

Nati onal Cooperative Soil Survey
U. S A
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LOCATI ON CRESBARD SD+ND

Est abl i shed Seri es
Rev. MAS- KFM- BOK
10/ 98

CRESBARD SERIES

The Cresbard series consists of very deep, noderately well and well drained

soils formed in glacial till, or local alluviumover glacial till on |ower back
sl opes, foot slopes in depressions, and flats on uplands. Perneability is slow
or nmoderately slow. Slopes range fromO to 6 percent. Mean annual

precipitation is about 21 inches, and mean annual air tenperature is about 43
degrees F.

TAXONOM C CLASS: Fine, snmectitic, frigid Gossic Natrudolls

TYPI CAL PEDON: Cresbard |oam - on slope of less than 1 percent in an upl and
swal e in native grass. Wen described the soil was noist to 14 inches and dry
below. (Colors are for dry soil unless otherw se stated.)

Ap--0 to 9 inches; dark gray (10YR 4/1) loam black (10YR 2/1) nvoist; weak
fine granular structure; slightly hard, very friable, nonsticky and nonpl astic;
many very fine and fine roots throughout; common very fine vesicular and few
t ubul ar pores; noderately acid; abrupt snooth boundary. (5 to 12 inches thick)

E--9 to 10 inches; light gray (10YR 6/1) |oam very dark grayish brown (10YR
3/2) nmoist; weak fine and nedium platy structure; slightly hard, very friable,
nonsti cky and nonplastic; common very fine and fine roots; common very fine
vesi cul ar and tubul ar pores; slightly acid; clear smoth boundary. (0 to 6
i nches thick)

E/B--10 to 14 inches; 60 percent |ight gray (10YR 6/1) (E) and 40 percent
dark gray (10YR 4/1) (B) clay |loam very dark grayish brown (10YR 3/2) (E) and
bl ack (10YR 2/1) (B) noist; noderate medium prismatic structure parting to
noderate very fine and fine blocky; hard, friable, slightly sticky and slightly
pl astic; common very fine and fine roots; many very fine tubular and common
vesi cul ar pores; slightly acid; clear smooth boundary. (0 to 7 inches thick)

Btnl--14 to 28 inches; dark gray (10YR 4/1) silty clay, black (10YR 2/1)
noi st; noderate medium prismatic structure parting to strong nedi um bl ocky; very
hard, firm very sticky and very plastic; common very fine and fine roots;
common very fine tubul ar pores; neutral; gradual wavy boundary.

Btn2--28 to 34 inches; grayish brown (2.5Y 5/2) silty clay, dark grayish
brown (2.5Y 4/2) nmoist; nmoderate medium prismatic structure parting to strong
medi um bl ocky; extremely hard, firm noderately sticky and noderately plastic;
comon very fine and fine roots throughout; common very fine tubular pores;
common proni nent dark gray (10YR 4/1) continuous clay filnms on vertical and
hori zontal faces of peds; about 1 percent gravel; neutral; clear wavy boundary.
(Conbi ned thickness of Btn horizons is 7 to 25 inches.)

Bk--34 to 55 inches; grayish brown (2.5Y 5/2) clay |oam dark grayish brown
(2.5Y 4/2) noist; many coarse faint gray (10YR 5/1) redox depletions and few
fine prom nent yellow sh brown (10YR 5/6) redox concentrations; noderate medi um
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prismatic structure parting to weak very fine and fine subangul ar bl ocky; hard
friable, slightly sticky and slightly plastic; few very fine and fine roots;
common very fine tubular pores; commn nediumirregul ar masses of carbonates;
about 3 percent gravel; strongly effervescent; slightly al kaline; gradua

i rregular boundary. (0 to 30 inches thick)

C--55 to 60 inches; |ight brownish gray (2.5Y 6/2) clay |oam grayish brown
(2.5Y 5/2) noist; many nmediumdistinct |ight gray (10YR 6/ 1) reodx depletions
and many fine prom nent yellow sh brown (10YR 5/6) redox concentrations;
massi ve; hard, friable, slightly sticky and slightly plastic; many very fine
vesi cul ar and tubul ar pores; few fine rounded masses of carbonate; strongly
ef fervescent; about 2 percent gravel; slightly alkaline.

TYPE LOCATION: Clark County, South Dakota; about 6 1/2 mles north and 2 mles
east of Carpenter; 1300 feet south and 120 feet west of the northeast corner of
sec. 35, T. 115 N, R 59 W

RANGE | N CHARACTERI STICS: The depth to carbonate ranges from 15 to 40 inches.
Exchangeabl e sodi um exceeds 15 percent in the |ower part of the B horizon or in
the C horizon. The particle size control section contains nmore than 15 percent
fine sand or coarser

The A horizon has value of 3 or 4 and 2 or 3 mpist. In sone pedons, the |ower
part has chroma of 2. It is silt loamor loam It is noderately acid to
neutral .

The E horizon has value of 5 or 6 and 2 to 4 moist, and chroma of 1 or 2. It is
oam or silt | oam and noderately acid to neutral. Some pedons have dark gray

silt coatings on faces of peds.

In the E/B horizon, the E part has colors simlar to the E horizon and the B
part has colors simlar to Bt horizon. It is clay loamor silty clay |oam
Gray or light gray silt coatings are on faces of peds. Sone pedons have relic
round topped columar peds that are degraded in color and structure with

hori zontal and vertical streaks of gray of light gray extending an inch or nore
into the columms. These peds part readily to mediumthrough very fine
subangul ar or angul ar bl ocks. The E/B horizon is noderately acid to neutral
Some pedons have B/ E, EB, or BE horizons.

The Btn horizon has hue of 10YR or 2.5Y, value of 3 to 6 and 2 to 4 noist, and
chroma of 1 to 3. It typically is silty clay, clay loam or clay. |t contains
35 to 50 percent clay and nore than 15 percent fine sand or coarser. The Btn
horizon is slightly acid or neutral in the upper part and ranges to noderately
al kaline in the | ower part. Some pedons have Btnz, Btnk, Btkn, or By horizons.

The Bk horizon has hue of 2.5Y or 5Y, value of 5 to 7 and 4 to 6 npoist, and

chroma of 2 to 4. It is clay loam loam or silt loam It has common to many
accumul ati ons of carbonate. Sone pedons have accunul ati ons of gypsum and ot her
salts. It is slightly alkaline to strongly al kaline. Some pedons have By, Bz,

or BCk hori zons.

The C horizon has hue of 2.5Y or 5Y, value of 5 to 7 and 4 to 6 nvoist, and
chroma of 2 to 4. It is clay loam loam or silt loam Sonme pedons have few or
common fine nests and striations of gypsum and other salts. The C horizon is
slightly alkaline to strongly al kaline. Some pedons have silt |oam | enses bel ow
40 inches. Sonme pedons have hue of 2.5Y or 5Y, value of 4 and 3 nvoist, and
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chroma of 1 or 2 below a depth of 60 inches that are inherent from the parent
mat eri al

COVPETI NG SERIES: This is the Aberdeen series. Aberdeen soils contain |ess
than 15 percent fine sand or coarser in the series control section

GEOGRAPHI C SETTING: Creshbard soils are mainly on footsl opes, backslopes, and in
t oesl opes on uplands. Slope gradients typically are less than 2 percent but
range fromO to 6 percent. The soils formed in glacial till, or local alluvium
over glacial till. Mean annual air tenperature ranges from 38 to 45 degrees,
and mean annual precipitation from 17 to 25 inches. Mst of the precipitation
comes in the spring and sunmer. Growing season is about 110 to 140 days;
average growi ng season precipitation ranges from 13 to 24 inches; and grow ng
degree days are about 2500 to 3000

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Aastad, Barnes, Cavour, Fornan,
Parnel |, Peever, Svea, and Tonka soils. Aastad soils are in swales and do not
have a natric horizon. Cavour soils do not have E/B horizons, have col umar
structure in the upper Btn horizon, and are on the sinmilar nearby |andscapes.
Bar nes, Forman, Peever, and Svea soils are on adjacent uplands and do not have
natric horizons. Parnell and Tonka are in nearby upland depressions and do not
have a natric horizon

DRAI NAGE AND PERMEABI LI TY: Moderately well drained and well drained. Runoff is
negligible to high. Perneability is slow or nmoderately slow. A water table at
4 to 6 feet is present in the noderately well drained phase in npbst years.

USE AND VEGETATI ON: Most areas of Cresbard soils are used to grow small grain
or alfalfa. Native vegetation is mainly western wheatgrass, little bluestem
bi g bl uestem porcupi negrass, needl eandt hread, green needl egrass, sideoats
grama, blue grama, and sedges.

DI STRI BUTI ON AND EXTENT: Northeastern South Dakota, North Dakota, and possibly
M nnesota. The series is of noderate extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a

SERI ES ESTABLI SHED: Spi nk County, South Dakota, 1954.

REMARKS: Di agnostic horizons and features recognized in this pedon: nollic

epi pedon - the zone fromthe surface of the soil to a depth of 28 inches (Ap, E,

E/B, Btnl horizons); Natric horizon - the zone from 14 to 34 inches (Btnl, Btn2
hori zons); glossic horizon - the zone from 10 to 14 inches (E/ B horizon).

Nati onal Cooperative Soil Survey
U S. A
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LOCATI ON DARNEN MN+ND SD

Est abl i shed Seri es
Rev. TLP-JMK- AGG
07/ 2000

DARNEN SERIES

The Darnen series consists of very deep, well drained soils that formed in | oany
col luvial-alluvial sedinents fromglacial drift on glacial noraines. These
soils have slopes of 0 to 6 percent. They have noderate perneability. Mean
annual air tenperature is about 43 degrees F. Mean annual precipitation is
about 22 inches.

TAXONOM C CLASS: Fine-1oanmy, m xed, superactive, frigid Cumulic Hapludolls

TYPI CAL PEDON: Darnen | oam on a 3 percent concave footslope at the base of the
bluffs of a small river valley; ground noraine; cultivated field. (Col ors are
for moist soil unless otherw se stated.)

Ap--0 to 8 inches; black (10YR 2/1) loam very dark gray (10YR 3/1) dry;
weak fine subangul ar bl ocky structure; friable; neutral; abrupt smooth boundary.
(6 to 10 inches thick)

A--8 to 24 inches; black (10YR 2/1) loam very dark gray (10YR 3/1) dry;
weak medi um subangul ar bl ocky structure; friable; nmany fine pores; neutral;
cl ear snmpoth boundary. (6 to 28 inches thick)

AB--24 to 29 inches; very dark grayish brown (10YR 3/2) |oam dark grayish
brown (10YR 4/2) dry; weak fine subangul ar bl ocky structure; friable; many fine
pores; neutral; clear snmooth boundary. (0 to 10 inches thick)

Bwl--29 to 34 inches; very dark grayish brown (10YR 4/2) |oam weak fine
subangul ar bl ocky structure; friable; neutral; gradual smooth boundary. (0 to
25 inches thick)

Bw2--34 to 80 inches; dark grayish brown (2.5Y 4/2) |oam weak fine
subangul ar bl ocky structure; friable; strong effervescence; slightly al kaline.

TYPE LOCATION: Swift County, about 6 miles north northwest of Holloway; about
1,900 feet west and 150 feet north of the southeast corner, sec. 29, T. 122 N
R. 42 W, USGS Hancock SW M nnesota quadrangl e, 45 degrees 20 m nutes 26 seconds
N., lon. 95 degrees 57 m nutes 37 seconds W, NAD27

RANGE | N CHARACTERI STICS: The mollic epi pedon ranges from 24 to 48 inches in
thi ckness. Depth to free carbonates is 20 to 60 inches. The control section
has 18 to 30 percent clay and from 15 to about 35 percent fine sand and coarser
Pedons have fine strata from downsl ope soil novenent. Pedons comonly are free
of rock fragments, but some have as much as 5 percent of the volunme, nostly

bel ow 30 i nches. In sone pedons thin lenses, |less than 6 inches thick, of sand
or loany sand are in the |ower part of the control section. The soil noisture
control section is dry for 20 to 35 consecutive days at some time during the 120
days followi ng the sumrer solstice
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The A horizon has value of 2 or 3 and chroma of 1 or 2. Typically it is |oam
silt oam sandy |loam or clay | oam

The Bw horizon has hue of 10YR or 2.5Y, value of 3 to 6, and chroma of 2 to 6.
The | ower val ue and/or chroma are nostly in the upper part of the B horizon. It
is loamor clay loam It is slightly acid to slightly alkaline. Redoxinorphic
feature are in sone pedons bel ow depths of 36 inches.

Some pedons have a Bk horizon and/or a C horizon.

COWPETI NG SERIES: These are the Everts, Frolic, La Prairie and Southhaven
series. Everts soils have coarse textured materi al above depths of 60 inches.
Frolic and Sout hhaven soils do not have carbonates above a depth of 60 inches.
La Prairie soils have free carbonates throughout the control section.

GEOGRAPHI C SETTI NG: These soils are on nearly level to gently sloping foot

sl opes or toe slopes on glacial noraines. Slope gradients range fromO to 6
percent. The soil formed in | oany, colluvial-alluvial sedinments derived from
| oany glacial till or drift. The mean annual tenperature ranges from 38 to 46
degrees F. The mean annual precipitation is 18 to 24 inches. The frost-free
days range from 90 to 150 days. Elevation above sea level is 670 to 1400 feet.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the well drained Buse, Langhei and
Barnes soils. The Barnes, Langhei and Buse soils are upland soils fornmed in
glacial till, and they are on slopes above the Darnen soils. |In sone places
they are associated with noderately well drained Svea, poorly drained Fl om and
very poorly drained Quam soils

DRAI NAGE AND PERMEABI LITY: Well drained. Permeability is noderate. Surface
runoff is nmedium Depth to an apparent seasonal water table is 4 to 6 feet at
some time from Novenmber to June in normal years.

USE AND VEGETATI ON: Most of these soils are cultivated. Corn, soybeans and
smal | grains are the principal crops. Native vegetation is tall grass prairie.

DI STRI BUTI ON AND EXTENT: Western M nnesota, eastern North Dakota and eastern
Sout h Dakota. Moderately extensive.

MLRA OFFI CE RESPONSI BLE: St. Paul, M nnesota
SERI ES ESTABLI SHED: Norman County, M nnesota, 1970.

REMARKS: Di agnostic horizons and features recognized in this pedon are: mollic
epi pedon - the zone fromthe surface of the soil to a depth of 29 inches (Ap, A
and AB horizons); Cunulic based on colluviumhaving fine strata from periodic
sedi ment nmovi ng downsl ope with rainfall events. Often the color of the upper
sediment is lighter than the original surface due to deposition; udic npisture
regi ne.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON DI CKEY ND+MN SD

Est abl i shed Seri es
CIH
1/ 99

DICKEY SERIES

The Dickey series consists of very deep, well drained soils that fornmed in w nd

and water deposited sands over loamor clay loamtill or lacustrine sedinents.
Permeability is noderately rapid or rapid in the upper part and noderate or
noderately slow in the |oany material. These soils are on sand mantled till or

gl aci ol acustri ne plains and have slopes ranging fromO to 25 percent. Mean
annual air tenmperature is 40 degrees F and mean annual precipitation is 18
i nches.

TAXONOM C CLASS: Sandy over | oany, m xed, superactive, frigid Calcic Hapludolls

TYPI CAL PEDON: Dickey | oanmy fine sand on a convex north northeast-facing slope
of 3 percent under grassland. When described the soil was npist above 12 inches
and below 42 inches. (Colors are for nmoist soil unless otherw se stated)

A--0 to 12 inches; very dark gray (10YR 3/1) loany fine sand, dark gray (10YR
4/ 1) dry; weak fine subangul ar bl ocky structure parting to weak fine granul ar;
soft, very friable, nonsticky and nonplastic; many fine roots; slightly
al kali ne; clear wavy boundary. (5 to 16 inches thick)

Bwl--12 to 20 inches; dark brown (10YR 4/3) |oany fine sand, brown (10YR 5/3)
dry; weak very coarse prismatic structure parting to weak nmedi um and fine
subangul ar bl ocky; soft, very friable, nonsticky and nonplastic; comon fine
roots; neutral; clear wavy boundary.

Bw2--20 to 30 inches; dark brown (10YR 4/3) fine sand, brown (10YR 5/3) dry;
single grain; nonsticky and nonplastic; few fine roots; neutral; abrupt wavy
boundary. (Combi ned Bw horizons 0 to 30 inches thick)

2Bk--30 to 42 inches; light olive brown (2.5Y 5/4) loam |I|ight brownish gray
(2.5Y 6/2) dry; moderate medi um subangul ar bl ocky structure; slightly hard,
friable, slightly sticky and slightly plastic; conmpon soft masses of carbonates;
viol ent effervescence; noderately al kaline; gradual wavy boundary. (6 to 30
i nches thick)

2C--42 to 60 inches; olive brown (2.5Y 4/4) |oam |ight brownish gray (2.5Y
6/2) dry; weak medi um subangul ar bl ocky structure; hard, friable, slightly
sticky and slightly plastic; strong effervescence; noderately al kali ne.

TYPE LOCATION: Pierce County, North Dakota; about 1 mle west and 1 mle north
of Orrin; 650 feet south and 100 feet west of the northeast corner, sec. 5, T.
153 N., R 74 W

RANGE | N CHARACTERI STICS: Depth to the |oamy material comonly is 24 to 36
i nches but ranges from 20 to 40 inches. The nollic epipedon is |less than 16
i nches thick.
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The A horizon has hue of 10YR, value of 2 to 4 and 3 or 4 dry, and chroma of 1.
It has chroma of 2 in the |ower part of some pedons. It typically is loanmy fine
sand or |oanmy sand but sone is fine sandy | oam or sandy loam It is slightly
acid to slightly al kaline.

The Bw horizon has hue of 10YR or 2.5Y, value of 2 to 5 and 3 to 6 dry, and
chroma of 1 to 4. It is loany fine sand, fine sand, or loany sand. |t has weak
grades of prismatic or subangul ar bl ocky structure. It is slightly acid to
slightly alkaline. Some pedons have AC, BC, or C horizons above the 2C
material. Sone pedons have 2BC hori zons.

The 2Bk and 2C horizons have hue of 10YR, 2.5Y, or 5Y, value of 4 to 6 and 5 to
8 dry, and chroma of 2 to 4. They typically are loamor clay |loamglacial till
but some are silt loamor silty clay loamlacustrine sedinents. They contain up
to 10 percent by volune of rock fragnents. They are slightly alkaline to
noderately al kaline. The 2Bk horizon contains an estimated 10 to 30 percent

cal cium carbonate equi val ent, but has nore than 15 percent in sone part. A thin
stone, cobble or gravel line is at the upper boundary of the 2Bk horizon in some
pedons.

COWPETI NG SERIES: This is the Towner series. Towner soils have nollic
epi pedons over 16 inches thick.

GEOGRAPHI C SETTING: Dickey soils are on level to hilly sand mantled till or

gl aci ol acustrine plains. Slopes are convex or plain and range fromO0 to 25
percent. The soils formed in wi nd and wat er deposited sands over | oam or clay
loamtill or lacustrine sedinents. The climate is cool, subhumi d. Mean annua
air tenperatures range from 36 to 45 degrees F, and nmean annual precipitation
from15 to 23 inches. Most of the nmoisture falls in the spring and sumer.

GEOGRAPHI CALLY ASSCCI ATED SO LS: These are the conpeting Towner soils and the
Bar nes, Buse, Egel and, Esnond, Enrick, Hecla, Heindal, Maddock, Serden and
Swenoda soils. Towner and Swenoda soils are on nearby | ess sloping areas.
Swenoda soils are coarse-loany. Barnes, Buse, Esnond, Enrick and Heindal soils
are on nearby upland till plains. All are loany throughout. Egeland soils are
on nearby outwash plains and are coarse-loany. Hecla and Maddock soils are on
nearby delta and | acustrine areas where sands are thicker. They are sandy.
Serden soils are on hilly sandy areas. They do not have nollic epipedons.

DRAI NAGE AND PERMEABI LI TY: Well drained. Runoff is negligible to medium
depending on slope. Perneability is nmoderately rapid or rapid in the upper part
and noderate or noderately slow in the | oany naterial.

USE AND VEGETATION: Soils are cropped to small grains and corn and used for hay
and pasture. Native vegetation was needl eandthread, prairie sandreed, sand
bl uestem sun sedge, and a variety of forbs.

DI STRI BUTI ON AND EXTENT: Eastern North Dakota, northeastern South Dakota, and
western M nnesot a. The series is of npderate extent.

M_LRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota
SERI ES ESTABLI SHED: Brooki ngs County, South Dakota, 1956
REMARKS: Di agnostic horizons and features recognized in this pedon are: nollic

epi pedon - the zone fromthe surface of the soil to a depth of 12 inches (A
hori zon); calcic horizon - the zone from 30 to 42 inches (2Bk horizon).
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LOCATI ON DI WM CK ND+MI' SD

Est abl i shed Series
Rev. CJH
10/ 1999

DIMMICK SERIES

The Di mmi ck series consists of very deep, very poorly drained, very slowy
perneabl e soils that fornmed in clayey sedinments. These soils are in depressions
on uplands and in | ake basins and have slopes of 0 to 2 percent. Mean annua

air tenperature is 41 degrees F, and mean annual precipitation is 16 inches.

TAXONOM C CLASS: Fine, snectitic, frigid Vertic Epiaquolls

TYPI CAL PEDON: Dimmick clay in native grass. (Colors are for noist soil unless
ot herwi se stated)

Oe--3 to 0 inches; roots and partly deconposed stens and | eaves of plants;
| oose; abrupt smooth boundary. (0 to 4 inches thick)

A--0 to 3 inches; very dark gray (10YR 3/1) clay, gray (10YR 5/1) dry; noist;
many very fine distinct dark yell owi sh brown (10YR 4/4) iron accunul ations;
strong fine and very fine angul ar blocky structure; hard, firm very sticky and
very plastic; many fine and mediumroots; neutral; gradual wavy boundary.

Ag--3 to 20 inches; very dark gray (5Y 3/1) clay, gray (5Y 5/1) dry; many
medi um prom nent dark yell owi sh brown (10YR 4/4) iron accurul ati ons; weak fine
angul ar bl ocky structure; hard, very firm very sticky and very plastic; comon
fine and few mediumroots; neutral; gradual smooth boundary. (Conbined A
horizon 12 to 24 inches thick)

BCg--20 to 40 inches; dark gray (5Y 4/1) clay, gray (5Y 6/1) dry; many medi um
prom nent olive brown (2.5Y 4/4) iron accunul ations; weak fine subangul ar bl ocky
structure; hard, very firm very sticky and very plastic; few roots; neutral
di ffuse wavy boundary.

Cg--40 to 60 inches; dark gray (N 4/0) clay, gray (N 6/0) dry; many coarse
proni nent olive brown (2.5Y 4/4) iron accurul ations; massive; hard, very firm
very sticky and very plastic; slightly alkaline.

TYPE LOCATI ON:  Dunn County, North Dakota; 4 mles south, 3 ml|es east of
Kill deer; 1056 feet south and 180 feet east of the northwest corner, sec. 11, T.
144 N., R 95 W

RANGE | N CHARACTERI STICS: Depth to carbonates ranges from 20 to nore than 40

i nches. The nollic epipedon ranges from 14 to 24 inches in thickness. The soi
nmoi sture control section is saturated for up to 21 days beyond the sunmer

sol stice in nost years.

The A horizon has hue of 10YR, 2.5Y or 5Y or is neutral, value of 2 or 3, 4 or 5
dry, and chroma of 2 or less. It is silty clay, clay, or silty clay loamand is
slightly acid to noderately al kaline. Sonme pedons have ABk or Bk horizons.
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The BCg and Cg horizons have hue of 2.5Y, 5Y, or is neutral, value of 4 to 8,
and chroma of 0 to 3. They are clay or silty clay, but sone pedons have strata
of silty clay | oamor sandy clay |loam They are neutral to noderately al kaline.
Sone pedons do not have a BCg horizon. Sonme pedons are |loam silt |oamor silty
clay | oam bel ow 40 i nches.

COWPETI NG SERI ES: These are the Foxl ake and Ful da series. Foxlake soils have
rock fragments and formed in till. Fulda soils are not saturated beyond the
sunmer sol stice in nost years. Series that conpeted prior to the classification
change include the Mountnmed soils. Muntmed soils have a nean annual
precipitation of 35 inches nost of which falls in the fall and winter. 1In
addition, they have rock fragnents and a nollic epipedon | ess than 14 inches

t hi ck.

GEOGRAPHI C SETTING: Dinmck soils are in level or nearly level, slightly
concave depressions on uplands and in | ake basins. The soil fornmed in clayey
sedi nents. Slope ranges fromO to 2 percent. Mean annual air tenperature is 39
to 45 degrees F, and nean annual precipitation is 10 to 18 inches. Most of the
precipitation falls in the spring and sumer.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Arnegard, Belfield, Farland
Grail, Morton, Reeder, Savage, Sen and Vebar soils. Arnegard, Belfield,

Farland, Grail and Savage soils are in nearby swales and on terraces and are
wel | drained. Morton, Reeder, Sen and Vebar soils are on nearby uplands and are
wel | drained.

DRAI NAGE AND PERMEABI LI TY: Very poorly drained. Runoff is ponded. Water runs
into the basins and remains for weeks at a tinme. Pernmeability is very slow.

USE AND VEGETATION: Sonme is in hay and pasture. Native vegetation is slough
sedge, rivergrass and rushes.

DI STRI BUTI ON AND EXTENT: In small areas in western North Dakota, eastern
Mont ana and nort hwestern South Dakota. The extent is noderate.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota

SERI ES ESTABLI SHED: McKenzi e County, North Dakota, 1932

REMARKS: Di agnostic horizons and features recognized in this pedon are: nmollic
epi pedon - the zone fromthe surface of the soil to a depth of 20 inches (A and
Ag horizons); characteristics associated with wetness - chroma of 1 and distinct

nottles in the |lower part of the mollic epipedon (Ag horizon).

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON DI VI DE ND+MN SD

Est abl i shed Series
Rev. CJH
06/ 1999

DIVIDE SERIES

The Divide series consists of very deep, sonewhat poorly drained soils that
formed in |oany sediment over sand and gravel. Perneability is noderate over
rapid or very rapid. These soils are on slightly depressed areas in outwash

pl ai ns, flood plains, terraces and interbeach areas and have sl ope ranging from
0 to 3 percent. Mean annual air tenperature is 39 degrees F, and mean annual
precipitation is 17 inches.

TAXONOM C CLASS:. Fine-I|oany over sandy or sandy-skel etal, m xed, superactive,
frigid Aeric Calciaquolls

TYPI CAL PEDON: Divide |Ioam on a plane |evel slope of less than 1 percent under
cropland. When described the soil was npoist throughout. (Colors are for noist
soil unless otherw se stated)

Ap--0 to 8 inches; black (10YR 2/1) loam very dark gray (10YR 3/1) dry;
noder at e nedi um subangul ar bl ocky structure; slightly hard, very friable,
slightly sticky and slightly plastic; comon fine and medi um roots; about 5
percent gravel; strong effervescence; noderately alkaline; abrupt snooth
boundary. (A horizon 7 to 20 inches thick)

Ak--8 to 12 inches; very dark gray (10YR 3/1) loam gray (10YR 5/1) dry;
weak medi um subangul ar bl ocky structure; slightly hard, very friable, slightly
sticky and slightly plastic; common fine roots; about 5 percent gravel; few fine
masses of carbonates; violent effervescence; noderately al kaline; abrupt wavy
boundary. (0 to 7 inches thick)

Bk--12 to 22 inches; light brownish gray (2.5Y 6/2) loam light gray (2.5Y
7/2) dry; weak medi um subangul ar bl ocky structure; hard, friable, slightly
sticky and slightly plastic; comon fine roots; about 5 percent gravel; conmon
medi um masses of carbonates; violent effervescence; noderately al kaline; clear
smoot h boundary. (8 to 28 inches thick)

2Cl1--22 to 26 inches; light olive brown (2.5Y 5/4) gravelly |oany coarse
sand, |ight yellow sh brown (2.5Y 6/4) dry; single grain; |oose, nonsticky and
nonpl astic; few fine roots; about 20 percent gravel; strong effervescence;
noderately al kaline; clear snpoth boundary.

2C2--26 to 60 inches; olive brown (2.5Y 4/4) very gravelly coarse sand,
light olive brown (2.5Y 5/4) dry; single grain; |oose, nonsticky and nonpl astic;
about 35 percent gravel; slight effervescence; noderately al kaline.

TYPE LOCATI ON: Nel son County, North Dakota; about 2 mles south of Pekin; 1,050
feet west and 315 feet south of the northeast corner, sec. 4, T. 149 N., R 60
W

RANGE | N CHARACTERI STICS: The depth to sand and gravel typically is 24 to 30
i nches and ranges from 20 to 40 inches. The nollic epipedon ranges from7 to 20
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i nches in thickness. The soil is slightly alkaline or noderately al kaline
t hroughout. Saline and channel ed phases are recogni zed

The A horizon has hue of 10YR or 2.5Y, value of 2 or 3 and 3 to 5 dry, and

chroma of 1. Chroma of 2 is allowed in the |ower part. The A horizon typically
is loam but the range includes sandy | oam sandy clay loam silt |oam and clay
loam It does not have carbonates in the upper part of some pedons. Sone

pedons have an ABK hori zon.

The Bk horizon has hue of 10YR, 2.5Y, or 5Y, value of 3 to 7 and 5 to 8 dry, and
chroma of 1 to 4. It is loam clay |oam or sandy clay | oam averagi ng between
18 and 30 percent clay. The calcium carbonate equival ent ranges from 15 to 35
percent. The |ower part of the Bk horizon is gravelly loamin sone pedons.

Some pedons have 2Bk or 2BC hori zons.

The 2C horizon has hue of 10YR, 2.5Y, or 5Y, value of 4 to 6 and 5 to 7 dry, and

chroma of 2 to 6. It contains a m xture of sand and granitic or shale gravel
It is stratified in some pedons. Sonme pedons have loany till below a depth of
40 i nches.

COWPETI NG SERIES: There are no other series in the famly.

GEOGRAPHI C SETTING: Divide soils are on |level and nearly |evel areas on outwash
pl ai ns, flood plains, terraces and interbeach areas. Slope gradients are 0 to 3
percent. The soils formed in |oany sedi nents over sand and gravel. The clinmate
is cool, subhum d. Mean annual air tenperature ranges from 34 to 48 degrees F,
and nmean annual precipitation ranges from 12 to 24 inches. Most of the
precipitation conmes in the spring and sumer.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Arvilla, Binford, Brantford,
Fordville, Kensal, Marysland, Mritz, Osakis, Renshaw, Spottswood, Vang, Walum
Warsing and Wyrene soils. Arvilla and Osakis soils are on nearby sandy outwash
and do not have calcic horizons at depths of less than 16 inches. In addition
Arvilla soils are somewhat excessively drained. Binford, Brantford, Kensal

Vang and Wal um soils are on nearby outwash areas which contain | arge amunts of
shal e fragments in the sand and gravel. None of these soils have calcic

hori zons at depth of less than 16 inches. Fordville and Renshaw soils are on
wel | drained, higher parts of the outwash plain at higher elevations than Divide
soils. They do not have calcic horizons at depths of |less than 16 inches and
are well and sonewhat excessively drained. Marysland soils are in |ower |ying
swal es and depressions. They have distinct or prom nent redoxi norphic features
at depths of less than 20 inches and are poorly and very poorly drained. Moritz
soils do not have sand and gravel within a depth of 40 inches. Moritz,

Spott swood and Warsing soils are on | andscape positions simlar to Divide soils.
Spottswood and WArsing soils are slightly better drained and do not have calcic
hori zons at depth of less than 16 inches. Wrene soils are in simlar positions
in the | andscape as Divide soils. They are sandy.

DRAI NAGE AND PERMEABI LI TY: Sonewhat poorly drained. Runoff is slow
Pernmeability is noderate over rapid or very rapid (loany substratum phases have
noderately sl ow perneability below 40 inches). A seasonal high water table is
at depths of 1.5 to 3.5 feet at sonme tine during the period of April through
June. Soils on flood plains are occasionally flooded for very brief periods.

USE AND VEGETATION: Mainly cropped to wheat and other small grains, hay, and
sonme pasture. Native vegetation is big and little bluestem prairie junegrass,
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green needl egrass, western wheatgrass, bearded wheatgrass, and a variety of
forbs.

DI STRI BUTI ON AND EXTENT: Central and eastern North Dakota, northeastern South
Dakota, and western M nnesota. The soil is of l|arge extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota
SERI ES ESTABLI SHED: Sargent County, North Dakota, 1961.

REMARKS: Di aghostic horizons and features recognized in this pedon are: nmollic
epi pedon - the zone fromthe surface of the soil to a depth of 12 inches (Ap and
Ak horizons); calcic horizon - the zone from8 to 22 inches (Ak and Bk

hori zons); characteristics associated with wetness - calcic horizon (Ak and Bk
hori zons) within 40 inches.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON DOVRAY MN+ND SD

Est abl i shed Seri es
Rev. HRF-ELB
2/ 97

DOVRAY SERIES

The Dovray series consists of deep poorly and very poorly drained soils that

formed in clayey glacial lacustrine sedinents or till on glacial |ake plains and
nor ai nes. These soils have slow and very slow perneability. They have sl opes
of 0 to 2 percent. Mean annual precipitation is about 22 inches, and nean

annual air tenmperature is about 44 degrees F.
TAXONOM C CLASS: Fine, snmectitic, frigid Curmulic Vertic Epiaquolls

TYPI CAL PEDON: Dovray clay with a nearly |l evel concave slope in a depression on
a glacial lake plainin a cultivated field. (Colors are for noist conditions
unl ess otherwi se stated.)

Ap--0 to 10 inches; black (N 2/0) clay; noderate fine subangul ar bl ocky
structure; hard; mldly alkaline; clear snmoth boundary.

A--10 to 33 inches; black (N 2/0) clay; few fine distinct dark yellow sh
brown (10YR 4/4) reodx concetrations; noderate very fine angul ar bl ocky
structure; firm few gypsumcrystals in upper part; neutral; gradual snpoth
boundary. (Combi ned thickness of A horizon is 6 to 51 inches.)

ABg--33 to 43 inches; very dark gray (5Y 3/1) clay; noderate very fine
angul ar bl ocky structure; firm neutral; gradual smooth boundary. (0 to 20
i nches thick)

Bg--43 to 56 inches; olive gray (5Y 5/2) clay; many medi um prom nent brown
(7.5YR 4/4) and dark yellow sh brown (10YR 4/4) redox concentrations; noderate
fine subangul ar bl ocky structure; firm neutral; clear smooth boundary. (0 to 32
i nches thick)

Cg--56 to 60 inches; light olive gray (5Y 6/2) clay; many fine distinct dark
yel l owi sh brown (10YR 4/4) redox concetratuins; massive; firm few streaks and
threads of linme; strong effervescence; mldly alkaline.

TYPE LOCATION: Lac qui Parle County, M nnesota; about 9 miles east and 1 mle
north of WMadi son; about 900 feet south and 25 feet west of the northeast corner,
sec. 22, T. 118 N, R 43 W

RANGE | N CHARACTERI STICS: The sola are 28 to 60 inches thick. Free carbonates
begin at depths of 20 to 60 inches. These soils typically |ack coarse
fragments. However, some pedons have as much as 5 percent of coarse fragnments
of mixed lithology in part to all of the solumor C horizon or both. Sone
pedons have an 0 horizon as thick as 4 inches. The nollic epipedon is 24 to 54

i nches thick. The 10- to 40-inch section averages between 40 and 60 percent
clay, and it has less than 15 percent sand. These soils typically have texture
of silty clay or clay throughout the solum and C horizon, but they are | oam
silt loam clay loam or silty clay | oam bel ow depths of 40 inches in sone
pedons. The A horizon has hue of 10YR through 5Y with value of 2 or 3 or is N 2/
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or N3/. It lacks redox features in sone pedons. It has dark-colored iron or

manganese oxi de coatings or concretions in some pedons. It lacks gypsum
crystals in many pedons. It is slightly acid through mldly alkaline.

The Bg horizon has hue of 2.5Y or 5Y, value of 3 to 6, and chroma of 1 or 2. It
is neutral or mldly alkaline.

The C horizon has hue of 2.5Y or 5Y, value of 4 to 6, and chroma of 1 or 2. It
is neutral to noderately alkaline. |t |acks secondary carbonates in sone
pedons.

COWPETI NG SERIES: These are the Crooked Creek and Hutton series in the sanme
fam |y and the closely related Parnell series. Crooked Creek and Hutton soils
formed in alluviumand are in a climate that is drier and has a shorter grow ng
season. Parnell soils have an argillic horizon

GEOGRAPHI C SETTING:. These soils have concave slopes with gradient of 0 to 2
percent in depressions and drai nageways on ground norai nes and gl aci al |ake
plains. They formed in clayey glacial lacustrine sedinents, or in clayey till,
or in clayey lacustrine sedinments over clayey till. These deposits are Late

W sconsinian in age. Mean annual air tenperature ranges from 40 to 45 degrees
F, and nean annual precipitation from 18 to 26 inches.

GEOGRAPHI CALLY ASSCOCI ATED SO LS: These are the Nutley, Sinai, and Fulda soils
whi ch are nmenbers of a hydrosequence with the Dovray soils. The Nutley soils are
wel |l or noderately well drained and are on convex slopes. The Sinai soils are
noderately well drained and are on plane to slightly concave slopes. The Ful da
soils are poorly drained and are on flats. |In sone places the well drained
Hatti e and Forman, the noderately well drained Aastad, and the poorly drained
Hegne soils are associates. The Hegne soils have a calcic horizon and devel oped
in mterials simlar to Dovray. The Hattie, Forman, and Aastad soils formed in
glacial till.

DRAI NAGE AND PERMEABI LI TY: Poorly and very poorly drained. Perneability is slow
and very slow. Runoff is ponded. Frequently ponded unless artificially drained.

USE AND VEGETATI ON: Most areas are drained and cultivated. Corn, soybeans, and
smal | grains are the principal crops. Undrained areas commonly are used for
growi ng hay or pasture. Native vegetation was tall prairie grass.

DI STRI BUTI ON AND EXTENT: Western M nnesota, eastern North Dakota, and South
Dakota. Moderately extensive.

M_LRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a

SERI ES ESTABLI SHED: Marshall County, South Dakota, 1970.

REMARKS: Di agnhostic horizons and features recognized in this pedon are: nollic
epi pedon - the zone fromthe surface of the soil to a depth of 43 inches (Ap, A

and ABg hori zons).

Classification only was changed 5/94. Conpeting series and other updates will
be made | ater.

Nati onal Cooperative Soil Survey
U S. A
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LOCATI ON ECKMAN ND+MN SD

Est abl i shed Seri es
KAA- CJH
06/ 2000

ECKMAN SERIES

The Eckman series consists of very deep, well drained, noderately pernmeable
soils that formed in cal careous stratified glaciolacustrine deposits. These
soils are on glacial |ake plains and streamterraces. Slopes ranges fromO0O to 15
percent. Mean annual air tenperature is 42 degrees F, and nean annua
precipitation is 19 inches.

TAXONOM C CLASS: Coarse-silty, mxed, superactive, frigid Calcic Hapludolls

TYPI CAL PEDON: Eckman silt loam- on a 5 percent convex southeast-facing sl ope
in a cultivated field. Wen described the soil was moist throughout. (Colors
are for noist soil unless otherw se indicated)

Ap--0 to 9 inches; black (10YR 2/1) silt loam very dark grayish brown
(10YR 3/2) dry; moderate medi um subangul ar bl ocky structure parting to noderate
fine granular; friable, slightly sticky and slightly plastic; few very fine,
fine and medi um roots; common fine tubular pores; slightly alkaline; abrupt
smoot h boundary. (5 to 14 inches thick)

Bwl--9 to 14 inches; very dark grayish brown (10YR 3/2)silt |oam dark
grayi sh brown (10YR 4/2) dry; noderate nedi um subangul ar bl ocky structure
friable, slightly sticky and slightly plastic; few very fine, fine and nedi um
roots; common fine tubular pores; noderately al kaline; clear smooth boundary.

Bw2--14 to 20 inches; dark olive brown (2.5Y 3/3) silt loam |ight olive
brown (2.5Y 5/4) dry; noderate nmedi um subangul ar bl ocky structure; friable,
slightly sticky and slightly plastic; few very fine roots; common fine tubul ar
pores; noderately alkaline; clear snooth boundary. (Conbined Bw horizons 5 to 22
i nches thick)

Bk1--20 to 32 inches; light olive brown (2.5Y 5/3) silt |oam pale yellow
(2.5Y 7/3) dry; nmoderate medi um subangul ar bl ocky structure; friable, slightly
sticky and slightly plastic; few very fine roots; few fine and medi um tubul ar
pores; violently effervescence; noderately al kaline; clear snooth boundary.

Bk2--32 to 41 inches; light olive brown (2.5Y 5/4) silt loam pale yellow
(2.5Y 7/4) dry; noderate nmedi um subangul ar bl ocky structure; friable; slightly
sticky and slightly plastic; few very fine roots; few fine and medi um tubul ar
pores; few fine carbonate masses; violently effervescence; noderately al kaline
cl ear snmooth boundary. (Conbined Bk horizons 6 to 24 inches thick)

Cl--41 to 57 inches; light olive brown (2.5Y 5/4) silt loam Iight
yel l owi sh brown (2.5Y 6/4) dry; few fine prom nent strong brown (7.5YR 5/8)
redoxi mor phi ¢ concentrations along root channels; massive; friable, slightly
sticky and slightly plastic; strong effervescence; noderately al kaline; clear
snmoot h boundary.
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C2--57 to 80 inches; light olive brown (2.5Y 5/4) and olive brown (2.5Y
4/ 4) stratified silt |oam and very fine sandy | oam pale yellow (2.5Y 7/4) and
[ight yellow sh brown (2.5Y 6/4) dry; common medi um prom nent strong brown
(7.5YR 5/8) redoxinmorphic concentrations and few nedi um prom nent gray (2.5Y
6/ 1) redoxi norphic depletions; massive; friable, slightly sticky and slightly
plastic; slight effervescence; noderately alkaline

TYPE LOCATION: Richland County, North Dakota; about 9 nmiles west of Walcott;
1735 feet east and 495 feet north of the southwest corner of sec. 32, T. 126 N.
R. 51 W; USGS Power, ND quadrangle, latitude 46 degrees 32 m nutes 42.98
seconds north, longitude 97 degrees 7 m nutes 48.70 seconds west.

RANGE | N CHARACTERI STICS: The depth to carbonates ranges from 10 to 36 inches.
The mollic epipedon is 7 to 16 inches thick and includes part or all of the Bw
hori zon in sone pedons.

The A horizon has hue of 10YR, value of 2 or 3 and 3 to 5 dry, and chroma of 1
and 1 or 2 dry. It is silt loam loam or very fine sandy loam It is neutra
or slightly alkaline.

The Bw horizon has hue of 10YR or 2.5Y, value of 3 to 5 and 4 to 6 dry, and
chroma of 2 to 4. Texture is silt loam |oamor very fine sandy | oam
Structure is weak or noderate prismatic or subangul ar or angular blocky. It is
neutral to noderately al kaline.

The Bk horizon has hue of 2.5Y or 10YR, value of 5 or 6 and 6 to 8 dry, and
chroma of 2 to 4. It is silt loam very fine sandy loamor loam It has 15 to
nore than 20 percent cal cium carbonate equivalent. Reaction is slightly

al kal i ne or noderately al kaline.

The C horizon has hue of 2.5Y or 10YR, value of 4 to 6 and 6 to 8 dry, and

chroma of 2 to 4. It is typically silt loam very fine sandy | oam or | oam but
may be stratified with very fine sand or fine sandy | oam Sandy to clayey
glacial till or lacustrine materials are in the substrata in sone pedons

Reaction is slightly alkaline or noderately al kaline.

COWPETI NG SERIES: This is the Rothsay series. The Rothsay soils do not have a
cal cic horizon.

GEOGRAPHI C SETTI NG Eckman soils are on level to rolling glacial |ake plains
and glacial streamterraces. The slope gradient commonly is 1 to 6 percent, but
the range is 0 to 15 percent. The soils formed in cal careous stratified

gl aci ol acustrine deposits. The nean annual air tenperature is 36 to 48 degrees
F. Mean annual precipitation is 15 to 24 inches, npbst of which falls in the
spring and summer.

GEOGRAPHI CALLY ASSCCI ATED SO LS: These are the Egel and, Gardena, Great Bend,
Overly and Zell soils. Egeland soils are on simlar nearby |andscapes. They
are coarse-loany. Gardena soils are on nearly |level and concave areas of the

| ake plains. They have nollic epipedons nore than 16 inches thick. Great Bend
and Overly soils are on heavier textured | ake plains. They are fine-silty.

Zell soils are on steep side slopes of streamvalleys. They do not have Bw
hori zons

DRAI NAGE AND PERMEABI LI TY: Well drained. Runoff is negligible to nmedium
depending on slope. Perneability is noderate

Devils Lake Salinity Study: Appendix B2 Page 48
Sheyenne Valley



USE AND VEGETATION: Nearly all areas cropped to small grains, potatoes, and
flax. Native vegetation was md and tall prairie grasses.

DI STRI BUTI ON AND EXTENT: Eastern North Dakota, western M nnesota, and
nort heastern South Dakot a. The soil is of npderate extent.

MLRA OFFI CE RESPONSI BLE: Bismarck, North Dakota

SERI ES ESTABLI SHED: Spi nk County, South Dakota, 1955.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nollic
epi pedon- the zone fromthe surface of the soil to a depth of 14 inches (Ap and

Bwl horizons); cambic horizon - the zone from 14 to 20 inches (Bw2 horizon);
calcic horizon - the zone from 20 to 41 inches (Bkl and Bk2 horizons).

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON EDGELEY ND+SD

Est abl i shed Series
Rev. CJH
10/ 98

EDGELEY SERIES

The Edgel ey series consists of noderately deep, well drained, noderately

pernmeabl e soils that formed in colluvium till, or glaciofluvial deposits
overlying soft shale bedrock, or material weathered from shale bedrock. These
soils are on till plains, glaciofluvial plains, or in streamvalleys and have

slopes of 0 to 35 percent. Mean annual air tenperature is 39 degrees F, and
mean annual precipitation is 19 inches.

TAXONOM C CLASS: Fine-I|oany, m xed, superactive, frigid Typic Hapludolls

TYPI CAL PEDON: Edgeley |loam - cultivated. (Colors are for dry soil unless
ot herwi se stated)

Ap--0 to 6 inches; dark gray (10YR 4/1) |oam black (10YR 2/1) nvist;
noder at e nedi um granul ar structure; slightly hard, very friable, slightly sticky
and slightly plastic; many roots; slightly acid; abrupt snmooth boundary. (5 to 9
i nches thick)

BA--6 to 15 inches; very dark grayish brown (10YR 3/2) silt loam very dark
brown (10YR 2/2) noist; weak coarse prismatic structure parting to noderate
medi um subangul ar bl ocky; slightly hard, very friable, slightly sticky and
slightly plastic; many roots; few fragments of shale; neutral; clear snpoth
boundary. (0 to 15 inches thick)

Bw--15 to 32 inches; brown (10YR 5/3) silty clay |loam dark grayish brown
(2.5Y 4/2) nmoist; few fine faint [ight olive brown (2.5Y 5/4) redox
concentrations; weak coarse prismatic structure parting to noderate medi um and
fine subangul ar bl ocky; hard, friable, sticky and plastic; few roots; slightly
al kal i ne; abrupt smooth boundary. (7 to 18 inches thick)

2Cr--32 to 60 inches; gray (5Y 5/1) soft shale bedrock, very dark gray (5Y
3/1) noist; segregations of carbonates along fractures; slight effervescence.

TYPE LOCATI ON: Nel son County, North Dakota; about 1 1/2 mles east and 4 niles
south of MVille; 1,490 feet east and 1,150 feet north of the southwest corner,
sec. 19, T. 149 N., R 58 W

RANGE | N CHARACTERI STICS: The depth to soft shal e bedrock ranges from 20 to 40
i nches. The nollic epipedon ranges from7 to 16 inches in thickness.

The A horizon has hue of 10YR or 2.5Y, value of 3 or 4 and 2 or 3 npist, and
chroma of 1 or less. It typically is |loamand sone is clay loam silt |oam or
silty clay loam It is slightly acid or neutral

The Bw horizon has hue of 10YR or 2.5Y, value of 4 to 6 and 2 to 4 mpist, and
chroma of 1 to 3. It is loam silt loam silty clay loam or clay | oam and
typically averages between 20 and 30 percent clay but ranges from 18 to 35
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percent clay. It has up to 35 percent shale channers. It is slightly acid to
noderately al kaline. Sonme pedons have a 2Bw or Bk horizon

The 2Cr horizon has hue of 2.5Y or 5Y, value of 5 to 7 and 3 to 5 noist, and
chroma of 1 to 3. It is weathered shale bedrock. Some pedons have a C horizon
above the 2Cr hori zon.

COWPETI NG SERI ES: These are the Barnes, Dol and, Forndal e, Hibar, Vienna and
Yeoman series. These soils do not have shal e bedrock within a depth of 40

i nches. In addition, Hibar soils have an R horizon of sandstone bedrock at
depths of 20 to 40 inches.

GEOGRAPHI C SETTI NG  Edgel ey soils are on level to very steep till plains,

gl aci ofluvial plains, or in streamvalleys. Slope gradients mainly are 1 to 6
percent and range fromO to 35 percent. The soils fornmed in a thin layer of
till, glaciofluvial deposits, or colluvium overlying shale bedrock or materia
weat hered from shal e bedrock. The climate is cool subhumid. Mean annual air
tenperature ranges from 37 to 45 degrees F, and nmean annual precipitation from
15 to 20 inches. Most of the precipitation comes in the spring and sumrer.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the conpeting Barnes soils and the
Brantford, Buse, Cavour, Cresbard, Forman, Hanmerly, Kloten, Mranda, Parnell
Svea, Tonka, Vallers and Wal sh soils. None of the these soils, except the

Kl oten soils, have shale bedrock within a depth of 40 inches. Barnes, Buse

Cavour, Cresbard, Forman, M randa and Svea soils are on nearby till plains.

Buse soils do not have canbic horizons. Cavour, Cresbard and M randa soils have
natric horizons. Forman soils have an argillic horizon. Svea soils have mollic
epi pedons nmore than 16 inches thick. Brantford and Vang soils are on nearby
outwash areas. They are fine-loany over sandy or sandy-skeletal. Wilsh soils

are on nearby terraces, fans and foot slopes. Vang and Wal sh soils have nollic
epi pedons nore than 16 inches thick. Hamerly and Vallers soils are on nearby
swal es and | ower areas on till plains. They have calcic horizons within depths
of 16 inches. Kloten soils are on steep hills and edges of valleys. They have
shal e bedrock at a depth of 9 to 20 inches and do not have a canbic horizon
Parnell and Tonka soils are in kettles and basins. Parnell soils are very
poorly drained and Tonka soils are poorly drained.

DRAI NAGE AND PERMEABI LI TY: Well drained. Runoff is negligible to high
depending on slope. Perneability is noderate in the solum

USE AND VEGETATION: Soils mainly are cropped to spring seeded small grains,

corn, alfalfa, and grass for hay and pasture. Native vegetation was western
wheat grass, green needl egrass, needl eandt hread, and a variety of forbs.

DI STRI BUTI ON AND EXTENT: Nort heastern and south-central North Dakota and
northern South Dakota. The soil is of npderate extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota

SERI ES ESTABLI SHED: LaMoure County, North Dakota, 1914.

REMARKS: Di agnostic horizons and features recognized in this pedon are: mollic
epi pedon - the zone fromthe surface of the soil to a depth of 15 inches (Ap and

BA horizons); canbic horizon - the zone from 15 to 32 inches (Bw horizon).

Nati onal Cooperative Soil Survey
U. S A
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LOCATI ON EGELAND SD+MN ND

Est abl i shed Seri es
Rev. VFK-BOK-CJH
10/ 98

EGELAND SERIES

The Egel and series consists of very deep, well drained soils formed in

gl aci of luvi al deposits. These soils are on terraces, outwash plains, and

upl ands. They have noderately rapid perneability. Slopes range fromO0O to 20
percent. Mean annual air precipitation is about 22 inches, and nean annua
tenperature is about 44 degrees F.

TAXONOM C CLASS: Coarse-|oany, m xed, superactive, frigid Calcic Hapludolls

TYPI CAL PEDON: Egel and sandy | oam - on a northeast-facing convex slope of 3
percent in cultivation. When described, the soil was noist throughout. (Colors
are for dry soil unless otherw se stated)

Ap--0 to 8 inches; dark gray (10YR 4/1) sandy |oam black (10YR 2/1) nvist;
weak fine and medi um granul ar structure; slightly hard, very friable; few fine
roots; neutral; abrupt smooth boundary. (6 to 14 inches thick)

Bwl--8 to 13 inches; dark brown (10YR 4/3) sandy | oam dark brown (10YR 3/3)
noi st; weak coarse prismatic structure parting to weak coarse and medi um
subangul ar bl ocky; slightly hard, very friable; few fine roots; neutral; clear
snmoot h boundary.

Bw2--13 to 30 inches; yellow sh brown (10YR 5/4) sandy |loam dark yellow sh
brown (10YR 4/4) nmoist; weak coarse prismatic structure parting to weak coarse
and medi um subangul ar bl ocky; slightly hard, very friable; few fine roots;
neutral; clear snooth boundary.

Bw3--30 to 35 inches; |ight yellow sh brown (10YR 6/4) |oany sand, yellow sh
brown (10YR 5/4) nmoist; weak coarse prismatic structure parting to weak coarse
subangul ar bl ocky; soft, very friable; neutral; gradual wavy boundary.

(Combi ned Bw horizons 7 to 35 inches thick)

Bk--35 to 48 inches; pale brown (10YR 6/3) |oamnmy fine sand, yellow sh brown
(10YR 5/4) noist; weak coarse subangul ar bl ocky structure; soft, very friable;
common fine accunul ati ons of cal ci um carbonate; strong effervescence; slightly
al kal i ne; gradual wavy boundary. (0 to 32 inches thick)

C--48 to 60 inches; pale brown (10YR 6/3) loanmy fine sand; yellow sh brown
(10YR 5/4) noist; single grained; soft, very friable; few fine accunul ati ons of
cal cium carbonate; strong effervescence; slightly alkaline.

TYPE LOCATI ON: Grant County, South Dakota; about 6 nmiles east and 1 mle north
of Stockholm 1,140 feet east and 114 feet south of the northwest corner, sec.
14, T. 119 N, R 49 W

RANGE | N CHARACTERI STICS: Depth to free calcium carbonate typically is about 35
i nches, but ranges from 14 to 45 inches. Thickness of the nollic epipedon
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ranges from8 to 16 inches and extends into the B horizon in nost pedons. The
solum contains up to 10 percent coarse fragnents.

The A horizon has value of 3 or 4 and 2 or 3 mpist, and chroma of 1.5 or |ess.
It typically is sandy loamor fine sandy | oambut is |loamin some pedons. It
ranges from noderately acid to neutral

The Bw horizon has hue of 10YR or 2.5Y, value of 4 to 6 and 2 to 5 noist, and

chroma of 1 to 4. It is sandy loamor fine sandy |oam and typically is |oany
sand or |oany fine sand below 30 inches. It is slightly acid to slightly
al kaline. In some pedons the upper part is |oam

The Bk horizon has hue of 10YR or 2.5Y, value of 5to 7 and 4 or 5 mpist, and
chroma of 2 to 4. It typically is |loamy sand or |oany fine sand, but sone
pedons are sandy |loam fine sandy | oam or |loany very fine sand. It ranges from
neutral to noderately al kaline. Sone pedons have a BCk horizon.

The C horizon has hue of 10YR or 2.5Y, value of 5 to 7 and 4 or 5 npist, and
chroma of 2 to 4. It typically is |oanmy sand or |oamy fine sand, but sone
pedons are sandy |loam |oany very fine sand, very fine sandy |oam or fine sandy
loam or are stratified with |oamy and sandy | ayers. It ranges fromneutral to
moderately al kaline. Loamand clay loamglacial till is between depths of 40
and 60 inches in sonme pedons. Gavelly | oany sand, gravelly sand or very
gravelly sand is below a depth of 35 inches in sone pedons.

COWVPETI NG SERI ES: These are the Dunnville, Heindal, Kalispell and Lanona
soils. Dunnville soils are strongly acid throughout the series control section
and carbonates are at depths greater than 40 inches. Heindal and Lanona soils
contain less than 70 percent sand at depths of 30 to 40 inches. Kalispell soils
have carbonates within depths of 12 inches and have a chroma of 2 in the A

hori zon.

GEOGRAPHI C SETTI NG: Egel and soils are on terraces, outwash plains, and upl ands.
Sl ope gradients typically are |less than 6 percent, but range fromO to 20
percent. Egeland soils formed in noderately coarse-textured gl aci of |l uvi al
deposits and sandy materials of fans and beaches of | ake plains. Mean annua
air tenperature ranges from about 36 to 48 degrees F, and nean annual
precipitation ranges from 15 to 24 inches. G ow ng season is 120 to 155 days;
average growi ng season precipitation ranges from 15 to 20 i nches; and grow ng
degree days are about 2500 to 3500

GEOGRAPHI CALLY ASSCOCI ATED SO LS: These are the conpeting Heindal soils and the
Arvilla, Eckman, Enbden, Fordville, Forman, Maddock, Peever, Poinsett, Renshaw
and Swenoda soils. The Arvilla, Eckman, Heindal, and Maddock soils are on
simlar nearby | andscapes. Arvilla soils have sand and gravel bel ow depths of
14 and 25 inches. Eckman soils have a coarse-silty particle size contro
section. Maddock soils have a sandy particle size control section. Enmbden and
Swenoda soils are on foot slopes below the Egeland soils. They have nmollic

epi pedons nore than 16 inches thick. Fordville and Renshaw soils are on nearby

terraces and outwash plains. They are fine-loany over sand and gravel. The
Forman, Peever, and Poinsett soils are on nearby glacial till plains. Forman
and Peever soils have an argillic horizon. Poinsett soils have a fine-silty

series control section.

DRAI NAGE AND PERMEABI LI TY: Well drained. Surface runoff ranges from negligible
to | ow depending on slope. Permeability is nmoderately rapid.
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USE AND VEGETATION: Largely used to grow corn, small grain, and alfalfa. Native
vegetation includes little bluestem big bluestem prairie sandreed,

needl egrass, needl eandt hread, sideoats gramm, blue grama, western wheatgrass,
prairie junegrass, porcupinegrass, forbs, and sedges.

DI STRI BUTI ON AND EXTENT: Northeastern South Dakota, eastern North Dakota, and
western M nnesota. The series is of large extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota
SERI ES ESTABLI SHED: Day County, South Dakota, 1952.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nollic
epi pedon - the zone fromthe surface of the soil to a depth of 13 inches (Ap and
Bwl horizons); cambic horizon - the zone from 13 to 35 inches (Bw2 and Bw3

hori zons) .

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON EMBDEN ND+MN SD

Est abl i shed Series
Rev. CJH
10/ 98

EMBDEN SERIES

The Enbden series consists of very deep, well drained or noderately well

drai ned, nmoderately rapidly perneable soils that fornmed in glaciofluvial and

gl aci ol acustrine deposits. These soils are on |ake plains, outwash plains,

del tas and terraces and have slopes ranging fromO to 9 percent. Mean annual air
tenmperature is 42 degrees F, and mean annual precipitation is 19 inches.

TAXONOM C CLASS: Coarse-|oany, m xed, superactive, frigid Pachic Hapl udolls

TYPI CAL PEDON: Enbden fine sandy | oam on a plane slope of |less than 1 percent
under tanme grass pasture. \When described the soil was noist throughout.
(Colors are for dry soil unless otherw se stated)

Ap--0 to 8 inches; very dark gray (10YR 3/1) fine sandy | oam black (10YR
2/ 1) noist; weak fine granular structure; slightly hard, very friable, slightly
sticky and nonplastic; many fine roots and pores; neutral; abrupt smooth
boundary.

A--8 to 14 inches; very dark gray (10YR 3/1) fine sandy | oam black (10YR
2/ 1) noist; weak nedi um subangul ar bl ocky structure parting to weak fine
granul ar; slightly hard, very friable, slightly sticky and nonplastic; many fine
roots and pores; neutral; gradual wavy boundary. (Combined A horizons is 8 to 22
i nches thick)

Bwl--14 to 20 inches; dark grayish brown (10YR 4/2) fine sandy | oam very
dark brown (10YR 2/2) npist; noderate medi um subangul ar bl ocky structure;
slightly hard, very friable, slightly sticky and nonplastic; common fine roots
and pores; neutral; gradual wavy boundary.

Bw2--20 to 24 inches; dark grayish brown (2.5Y 4/2) fine sandy | oam very
dark grayish brown (2.5Y 3/2) noist; weak nedi um subangul ar bl ocky structure;
slightly hard, very friable, nonsticky and nonplastic; few fine roots; common
fine pores; neutral; gradual wavy boundary.

Bw3--24 to 30 inches; |ight brownish gray (2.5Y 6/2) fine sandy | oam very
dark grayish brown (2.5Y 3/2) moist; many medi um faint grayi sh brown (2.5Y 5/2)
redox concentrations; very weak medi um subangul ar bl ocky structure; slightly
hard, very friable, nonsticky and nonplastic; few fine roots; common fine pores;
slight effervescence; slightly alkaline; clear wavy boundary. (Conbi ned Bw
horizon is 6 to 32 inches thick)

Bk--30 to 44 inches; light gray (2.5Y 7/2) fine sandy |oam olive brown (2.5Y
4/ 4) noist; few fine prom nent strong brown (2.5YR 6/6) redox concentrations;
weak coarse subangul ar bl ocky structure; slightly hard, very friable, slightly
sticky and nonplastic; strong effervescence; noderately al kaline; gradual wavy
boundary. (0 to 35 inches thick)
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C--44 to 60 inches; pale yellow (2.5Y 7/3) fine sandy | oam olive brown (2.5Y
4/ 4) noist; comon fine prom nent reddish brown (5YR 4/4) redox concentrations
massi ve; slightly hard, very friable, slightly sticky and nonplastic; slight
ef fervescence; noderately al kali ne.

TYPE LOCATION: Cass County, North Dakota; about 10 nmiles south and 2.5 mles
east of Enbden; 2,640 feet east and 60 feet north of the southwest corner, sec.
21, T. 137 N, R 53 W

RANGE | N CHARACTERI STICS: The depth to carbonates ranges from 20 to 60 inches.
The mol lic epi pedon ranges from 16 to about 40 inches in thickness. The 10 to
40 inch particle-size control section averages between 6 and 18 percent clay and
40 to 70 percent fine sand and coarser

The A horizon has 10YR hue or is neutral, value of 3 or 4 and 2 or 3 nmoist, and
chroma of 1 or less. It is fine sandy | oam sandy |oam very fine sandy | oam or
loam It is slightly acid or neutral

The Bw horizon has 10YR or 2.5Y hue, value of 3 to 5 and 2 to 4 noist, and

chroma of 1 to 4. It is fine sandy |loam |oam sandy |oamor very fine sandy
loam It has thin layers of loamy fine sand | ess than five inches thick in sone
pedons. It is neutral or slightly alkaline. Few to compn and faint to

di stinct redox features are in the |ower part of the Bw horizon in nmany pedons.

The Bk horizon has hue of 10YR, 2.5Y or 5Y, value of 4 to 8 and 3 to 6 nvi st,
and chroma of 1 to 4. It is fine sandy |oam sandy |oam |oany fine sand, very
fine sandy | oamor loanmy sand. It is slightly alkaline or noderately al kaline
The cal ci um carbonate equi val ent ranges for 6 to 20 percent and carbonates are
di ssemi nated or in masses. The Bk horizon does not have redox features in sone
pedons. Sone pedons have a BCk hori zon.

The C horizon typically has 2.5Y hue, and | ess conmmonly 10YR or 5Y, value of 5
to 7 and 4 to 6 moist, and chroma of 1 to 4. It is fine sandy |oam sandy | oam
| oanmy fine sand, or very fine sandy |oam but in sone pedons bel ow depths of 40
inches it has coarser or finer textures. It is neutral to noderately al kaline.

COWPETI NG SERIES: These are the Clontarf, Enrick, Flathead, I|nkster, Ml achy
and Swenoda series. Clontarf soils have fine sand or coarser textures within
the particle-size control section. Enrick soils have a | oam series contro

section, formed in glacial till and have coarse fragnents throughout. Flathead
soils have a redder hue in the Bw horizon and forned in alluviumin
i ntermountain valleys. Inkster soils have nore than 50 percent shale in the

sand size fraction of the 10 to 40 inch particle-size control section. Mlachy
soils contain carbonates throughout the particle-size control section. Swenoda
soils have silt |loamor | oam 2C horizons at depths of 22 to 40 inches.

GEOGRAPHI C SETTING: The level to noderately sloping Enbden soils are on | ake

pl ai ns, outwash plains, deltas and terraces. Slope gradients comonly are |ess
than 3 percent but range fromO to 9 percent. The soil formed in glaciofluvial
and gl aci ol acustrine deposits. The nmean annual air tenperature ranges from
about 36 to 48 degrees F, and the nmean annual precipitation ranges from15 to 24
i nches. Most of the nmoisture falls in the spring and summer.

GEOGRAPHI CALLY ASSCCI ATED SO LS: These are the conpeting Swenoda soils and the
Arveson, Egel and, Tiffany and Wyndnere soils. Swenoda soils are on nearby til
pl ains or |ake plains. Arveson soils are in nearby swales. They have calcic
hori zons within depths of 16 inches and are poorly drained. Egeland, Tiffany
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and Wyndnere soils are in a drai nage sequence with Enmbden soils. Egeland soils
are on the convex well drained higher parts of the | andscape. They have mollic
epi pedons | ess than 16 inches in thickness. Tiffany and Wyndnere soils are in
swal es and depressions. Tiffany soils are poorly drained and contain nottles in
the | ower part of the A horizon. Wndnere soils have calcic horizons within
dept hs of 16 inches.

DRAI NAGE AND PERMEABI LI TY: Well drained or noderately well drained. Runoff
ranges fromnegligible to | ow depending on slope. Perneability is noderately
rapid. A seasonal high water table is at a depth of 3 to 5 feet at sonme tine
during the period April through June in the noderately well drained phase. It
is at a depth of 4 to nore than 6 feet for the sane period in the well drained
phase.

USE AND VEGETATION: Soils mainly are cropped to small grains; row crops as
corn, potatoes; and hay or pasture. Native vegetation was prairie sandreed
needl eandt hread, prairie junegrass, sun sedge, threadl eaf sedge and a variety of
forbs.

DI STRI BUTI ON AND EXTENT: Eastern and central North Dakota, northwestern
M nnesota, and northeastern South Dakota. The soil is extensive.

M_LRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota

SERI ES ESTABLI SHED: Cass County, North Dakota, 1961.

REMARKS: Di agnostic horizons and features recognized in this pedon are: Mllic
epi pedon - the zone fromthe surface of the soil to a depth of 24 inches (Ap, A

Bwl, and Bw2 horizons).

ADDI TI ONAL DATA: Laboratory sanples: S51NDak-5-6, and from North Dakot a
Agricul tural Experinment Station S66Dak-9-1, S57NDak-9-2, ND53-P-13, ND-54-P-3.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON EMRI CK ND

Est abl i shed Seri es
CIH
01/ 2000

EMRICK SERIES

The Enrick series consists of very deep, well or noderately well drained,
noderately permeable soils that fornmed in cal careous glacial till. These soils
are on low relief positions on ground norai nes and have sl opes ranging fromO to
9 percent. Mean annual tenperature is 40 degrees F, and nean annua
precipitation is 17 inches.

TAXONOM C CLASS: Coarse-|oany, m xed, superactive, frigid Pachic Hapl udolls

TYPI CAL PEDON: Enrick |loam - cropland. (Colors for dry soil unless otherw se
st at ed)

Ap--0 to 7 inches; dark gray (10YR 4/1) loam black (10YR 2/1) nvoist; weak
fine granular structure; very friable; neutral; abrupt smooth boundary.

A--7 to 11 inches; dark grayish brown (10YR 4/2) |oam very dark brown (10YR
2/ 2) noist; weak nmedium prismatic structure parting to weak medi um subangul ar
bl ocky; very friable; many fine pores; neutral; gradual snooth boundary.
(Conbi ned A horizons 7 to 20 inches thick)

Bw--11 to 20 inches; grayish brown (10YR 5/2) loam very dark grayish brown
(10YR 3/2) noist; nmoderate medium prismatic structure parting to noderate coarse
and nmedi um subangul ar bl ocky; very friable; neutral; clear wavy boundary. (6 to
30 inches thick)

Bk1--20 to 40 inches; light olive brown (2.5Y 5/3) loam olive brown (2.5Y
4/ 3) noist; very weak nedium and coarse subangul ar bl ocky structure; very
friable; few pebbles and cobbles to 5 inches in dianmeter at depths of 26 inches;
common t hreads of carbonates; strong effervescence; slightly al kaline; gradua
wavy boundary.

Bk2--40 to 46 inches; light yellowi sh brown (2.5Y 6/3) loam 1light olive
brown (2.5Y 5/4) npist; weak coarse subangul ar bl ocky structure with sonme
evi dence of weak nedium platy structure; friable; strong effervescence
noder ately al kaline; gradual irregular boundary. (Conbined Bk horizons 5 to 30
i nches thick)

C--46 to 60 inches; olive gray (5Y 5/2) loam olive brown (2.5Y 4/3) npist;
weak medi um pl aty and subangul ar bl ocky structure; friable; strong
ef fervescence; sone soft carbonate accunul ati ons; noderately al kal i ne.

TYPE LOCATION:  Wells County, North Dakota; about 6 1/2 mles east of Fessenden
Nort h Dakota; 160 feet north and 115 feet east of southwest corner, sec. 9, T.
148 N., R 69 W

RANGE | N CHARACTERI STICS: The nollic epi pedon ranges from 16 to about 40 inches
in thickness. The 10 to 40 inch control section typically is a | oam averagi ng
| ess than 18 percent clay. Sandy |loamlayers 2 to 10 inches thick are in sone
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pedons. Pebbl es and stones are common throughout the profile. Stony phases are
recogni zed. The soil is neutral to mldly alkaline in the A and Bw horizons and
mldly or noderately al kaline in the Bk and C horizons.

The A horizon has a 10YR hue, value of 3 or 4 and 2 or 3 noist, and chroma of 1
in the upper part and 1 or 2 in the lower part. It is loam silt |oam sandy
| oam very fine sandy | oam or fine sandy | oam

The Bw horizon has 10YR or 2.5Y hue, value of 4 or 5 and 3 or 4 mpist, and
chroma of 2 or 3. It has a weak or noderate prismatic and subangul ar bl ocky
structure. The | ower part of the Bw horizon and the Bk and C horizons are
nottled in sone pedons.

The Bk horizon has hue of 2.5Y, value of 5to 8 and 4 to 6 moist, and chroma of
2to 4. It is loamand has 10 to over 25 percent cal cium carbonate equival ent.
Some pedons have a BCk horizon

The C horizon has hue of 2.5Y or 5Y, value of 5 to 7 and 4 or 5 mpist, and
chroma of 2 to 4. It is calcareous loamtill with pockets of fine sand, silt
and pebbles in some pedons.

COVPETI NG SERI ES: These are the Clontarf, Enbden, Flathead, Inkster, Malachy,
and Swenoda series in the sane famly and the Gardena, Heindal and Svea seri es.
Clontarf, Flathead and Mal achy soils have sand or | oamy sand textures at depths
of less than 40 inches. Inkster soils formed in glaciofluvial deposits and
contain nore than 50 percent shale in the sand size fraction of the 10 to 40

i nches control section. Enbden soils have fine sandy | oam series contro
section and formed in glaciofluvial deposits. Swenoda soils have 2C hori zons
within depths of 40 inches that are higher in silt. Heindal soils have nollic
epi pedons |l ess than 16 inches thick. Gardena soils are coarse-silty. Svea
soils are fine-Ioany.

GEOGRAPHI C SETTING: Enrick soils are on level to gently rolling low relief
ground noraines. They are on slightly concave positions. Slope gradients are
comonly less than 2 percent but range fromO to 9 percent. The soil forned in
cal careous glacial till lowin clay and containing pockets of silts, fine sands
and other sorted materials. The climate is cool, subhum d, with a nean annual
tenperature ranging from 38 to 43 degrees F, and a mean annual precipitation
ranging from15 to 22 inches. Mst of the moisture falls in the spring and
sumrer .

GEOGRAPHI CALLY ASSCOCI ATED SO LS: These include the conpeting Fram Heindal and
Svea soils and the Barnes, Fram and Tonka soils. Barnes soils are on adjacent
till plains in the sane geographic area. Fram soils have a calcic horizon
within depths of 16 inches and are sonmewhat poorly drained. Tonka soils are in
the encl osed poorly drained basins and have E and Bt hori zons.

DRAI NAGE AND PERMEABI LI TY: Well or noderately well drained. The noderately
wel | drained phase has a seasonal high water table at depths of 3 to 5 feet at
some time during the period of April through June. The water table is at a
depth of 4 to 6 feet for the sane period in the well drained phase. Surface
runoff is slow. Pernmeability is noderate.

DI STRI BUTI ON AND EXTENT: Nort h-central and eastern North Dakota. The soils are
ext ensi ve.
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USE AND VEGETATION: Nearly all areas cultivated for production of small grains.
Nati ve vegetation: green needl egrass, western wheatgrass, blue grama, prairie
dropseed, and little bluestem

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a.
SERI ES ESTABLI SHED: Wells County, North Dakota, 1970.

REMARKS: Di agnostic horizons and features recognized in this pedon are: Mllic
epi pedon - the zone fromthe surface of the soil to a depth of 20 inches (Ap, A
and Bw horizons).

The pedon neets the color requirenment for the aquic subgroup in the horizon

i medi ately below the nollic epipedon (Bkl horizon), however the soil does not
have aquic conditions imediately below the nollic epipedon and does not neet
the subgroup criteria. Saturation does not occur shallower than three feet.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON ENLOE ND+WN

Est abl i shed Series
Rev. FS-CIJH
02/ 97

ENLOE SERIES

The Enl oe series consists of deep, poorly drained, slowy perneable | acustrine
sedi nents. These soils are in shallow basins and swales in |ake plains and have
sl opes of less than 1 percent. Mean annual tenperature is 42 degrees F, and
mean annual precipitation is 20 inches.

TAXONOM C CLASS: Fine, snectitic, frigid Argiaquic Argialbolls

TYPI CAL PEDON: Enloe silty clay loam - on a concave swale with less than 1
percent slope under cropland. (Colors are for noist soil unless otherw se
stated. \Where described, the soil was npist throughout.)

Ap--0 to 8 inches; black (10YR 2/1) silty clay |oam dark gray (10YR 4/1)
dry; cloddy parting to strong fine and very fine granular structure; very hard,
firm sticky and very plastic; many fine roots; many fine pores; medium acid;
abrupt snooth boundary. (6 to 14 inches thick)

E--8 to 14 inches; very dark gray (10YR 3/1) silty clay loam gray (10YR 6/1)
dry; weak coarse prismatic structure parting to noderate thin platy; hard,
friable, sticky and plastic; comon fine roots; common fine pores; dark gray
(10YR 4/1) uncoated silt and sand grains on faces of peds; medium acid; abrupt
wavy boundary. (2 to 10 inches thick)

Btgl--14 to 18 inches; black (5Y 2/1) clay, very dark gray (5Y 3/1) dry; very
dark gray (5Y 3/1) crushed and rubbed, dark gray (5Y 4/1) dry, crushed; npderate
very coarse prismatic structure parting to strong fine and very fine angul ar
bl ocky; extrenely hard, very firm very sticky and very plastic; conmon fine
roots; common fine pores; slightly acid; abrupt wavy boundary.

Btg2--18 to 29 inches; very dark gray (5Y 3/1) clay, dark gray (5Y 4/1) dry;
dark gray (5Y 4/1) crushed, gray (5Y 5/1) dry, crushed; noderate very coarse
prismatic structure parting to strong fine angul ar blocky; extrenmely hard, very
firm very sticky and very plastic; conmmon fine roots in the upper part and few
fine roots in |ower part; common fine pores; faces of peds are shiny when noist;
slickensides in |lower part; neutral; clear wavy boundary. (8 to 12 inches
t hi ck)

Bt g3--29 to 40 inches; dark gray (5Y 4/1) clay, gray (5Y 6/1) dry; noderate
very coarse prismatic structure parting to strong fine and very fine angul ar
bl ocky; extrenely hard, very firm very sticky and very plastic; few fine roots;
few medi um and fine pores; faces of peds have shiny pressure coatings,
slickensi des cross horizon at an angle of 10 degrees to 15 degrees from
vertical; slight effervescence; mldly alkaline; gradual wavy boundary.
(Combi ned Btg horizons 12 to 36 inches thick)

Bkg--40 to 60 inches; olive gray (5Y 4/2) clay, light olive gray (5Y 6/2)
dry; few fine faint olive brown (2.5Y 4/4) and common fine faint |ight yellow sh
brown and gray (2.5Y 6/4 and 5Y 6/1) dry, mottles; noderate nedium and fine
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angul ar bl ocky structure; extrenely hard, firm very sticky, and very plastic;
few fine roots; few fine pores; few fine masses of carbonates; slight
effervescence; mldly alkaline. (0 to 25 inches thick.)

TYPE LOCATION: Richland County, North Dakota; about 4 mles north and 1 mle
west of Abercronbie; 800 feet east and 310 feet north of the southwest corner,
sec. 17, T. 135 N, R 48 W

RANGE | N CHARACTERI STICS: The thickness of the nollic epipedon and the depth to
the E horizon ranges from7 to 14 inches.

The A horizon has hue of 10YR, 2.5Y, or 5Y; value of 1 to 3 and 3 or 4 dry; and
chroma of 1. It is silty clay loamor silty clay. It has abrupt or clear,
smoot h or wavy | ower boundary.

The E horizon has hue of 10YR, 2.5Y, or 5Y; value of 3 to 5 and 4 to 6 dry; and
chroma of 1. It is silty clay loamor silty clay. |In sone pedons, the E

hori zon has distinct or prominent mottling. The thickness of the E horizon
ranges widely within a short distance, and the | ower boundary is abrupt or clear
and wavy, irregular or broken.

The Btg horizon has hue of 2.5Y or 5Y, value of 2 to 4 and 3 to 6 dry, and
chroma of 1 or 2. It typically averages between 55 and 60 percent clay and
ranges from45 to 60 percent. It has weak or npbderate very coarse to nmedi um
prismatic structure which parts to strong nediumto very fine bl ocky.

The Bkg horizon has hue of 2.5Y or 5Y, value of 4 to 6 and 5 to 7 dry, and

chroma of 1 to 3. It is massive, |lam nated or blocky silty clay or clay. It is
nottled in many pedons. It contains 6 to 20 percent cal cium carbonate. Sone
pedons have a Cg horizon. Sone pedons contain clay loamor clay till bel ow

dept hs of about 40 inches.

COWVPETI NG SERI ES: These are the Tonka series in the sane famly and the

Aber deen, Dovray, Fargo, and Gal chutt series. Tonka soils contain less clay in
the Bt horizon and conmonly contain nore sand and sone coarse fragments in the C
horizons. In addition, they are formed in local alluviumfromtill. Aberdeen
soils have a natric horizon and are not as wet. Dovray soils do not have E

hori zons and have nollic epipedons nore than 24 inches thick. Fargo soils do
not have E horizons. Galchutt soils have A and E horizons that contain |ess

t han 35 percent cl ay.

GEOGRAPHI C SETTING. Enloe soils are in shallow basins and swales in |evel |ake
plains. The soils fornmed in silty clay and clay gl aciol acustrine sedi nents.
The climate is cool subhum d. Mean annual tenperature ranges from 38 to 45
degrees F, and nmean annual precipitation from 17 to 22 inches. Mst of the

noi sture falls in the spring and sumrer.

GEOGRAPHI CALLY ASSCCI ATED SO LS: These are the conpeting Aberdeen, Dovray,
Fargo, and Gal chutt soils and Hegne and Ryan soils. All of these soils are on
nearby | ake plains. Fargo and Hegne soils are on the higher parts of the |ake
pl ain. Hegne soils have a calcic horizon within a depth of 16 inches. Ryan
soils have a thin A horizon and a natric horizon

DRAI NAGE AND PERMEABI LI TY: Poorly drained. Runoff is ponded. Perneability is
sl ow.
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USE AND VEGETATION: Nearly all cropped to small grains and row crops. Native
vegetation was slim sedge, wooly sedge, prairie cordgrass, northern reedgrass,
and a variety of sedges and forbs.

DI STRI BUTI ON AND EXTENT: In the glacial Lake Aggasiz area of eastern North
Dakota. The series is of noderate extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a
SERI ES ESTABLI SHED: Ri chl and County, North Dakota, 1970.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nollic
epi pedon - the zone fromthe surface of the soil to a depth of 8 inches (Ap
horizon), albric horizon - the zone from8 to 14 inches (E horizon); orgillic
horizon - the zone from 14 to 40 inches (Btgl, Btg2, and Btg 3 horizons); chrom
of 2 or less in the albic horizon.

ADDI Tl ONAL DATA: S64NDak-39-1, S65NDak-9-3, S64NDak-9-5 by Soils Departnent,
North Dakota Agricul tural Experiment Station.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON ENLOE ND+WN

Est abl i shed Series
Rev. FS-CIJH
02/ 97

ENLOE SERIES

The Enl oe series consists of deep, poorly drained, slowy perneable | acustrine
sedi nents. These soils are in shallow basins and swales in |ake plains and have
sl opes of less than 1 percent. Mean annual tenperature is 42 degrees F, and
mean annual precipitation is 20 inches.

TAXONOM C CLASS: Fine, snectitic, frigid Argiaquic Argialbolls

TYPI CAL PEDON: Enloe silty clay loam - on a concave swale with less than 1
percent slope under cropland. (Colors are for noist soil unless otherw se
stated. \Where described, the soil was npist throughout.)

Ap--0 to 8 inches; black (10YR 2/1) silty clay |oam dark gray (10YR 4/1)
dry; cloddy parting to strong fine and very fine granular structure; very hard,
firm sticky and very plastic; many fine roots; many fine pores; medium acid;
abrupt snooth boundary. (6 to 14 inches thick)

E--8 to 14 inches; very dark gray (10YR 3/1) silty clay loam gray (10YR 6/1)
dry; weak coarse prismatic structure parting to noderate thin platy; hard,
friable, sticky and plastic; comon fine roots; common fine pores; dark gray
(10YR 4/1) uncoated silt and sand grains on faces of peds; medium acid; abrupt
wavy boundary. (2 to 10 inches thick)

Btgl--14 to 18 inches; black (5Y 2/1) clay, very dark gray (5Y 3/1) dry; very
dark gray (5Y 3/1) crushed and rubbed, dark gray (5Y 4/1) dry, crushed; npderate
very coarse prismatic structure parting to strong fine and very fine angul ar
bl ocky; extrenely hard, very firm very sticky and very plastic; conmon fine
roots; common fine pores; slightly acid; abrupt wavy boundary.

Btg2--18 to 29 inches; very dark gray (5Y 3/1) clay, dark gray (5Y 4/1) dry;
dark gray (5Y 4/1) crushed, gray (5Y 5/1) dry, crushed; noderate very coarse
prismatic structure parting to strong fine angul ar blocky; extrenmely hard, very
firm very sticky and very plastic; conmmon fine roots in the upper part and few
fine roots in |ower part; common fine pores; faces of peds are shiny when noist;
slickensides in |lower part; neutral; clear wavy boundary. (8 to 12 inches
t hi ck)

Bt g3--29 to 40 inches; dark gray (5Y 4/1) clay, gray (5Y 6/1) dry; noderate
very coarse prismatic structure parting to strong fine and very fine angul ar
bl ocky; extrenely hard, very firm very sticky and very plastic; few fine roots;
few medi um and fine pores; faces of peds have shiny pressure coatings,
slickensi des cross horizon at an angle of 10 degrees to 15 degrees from
vertical; slight effervescence; mldly alkaline; gradual wavy boundary.
(Combi ned Btg horizons 12 to 36 inches thick)

Bkg--40 to 60 inches; olive gray (5Y 4/2) clay, light olive gray (5Y 6/2)
dry; few fine faint olive brown (2.5Y 4/4) and common fine faint |ight yellow sh
brown and gray (2.5Y 6/4 and 5Y 6/1) dry, mottles; noderate nedium and fine
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angul ar bl ocky structure; extrenely hard, firm very sticky, and very plastic;
few fine roots; few fine pores; few fine masses of carbonates; slight
effervescence; mldly alkaline. (0 to 25 inches thick.)

TYPE LOCATION: Richland County, North Dakota; about 4 mles north and 1 mle
west of Abercronbie; 800 feet east and 310 feet north of the southwest corner,
sec. 17, T. 135 N, R 48 W

RANGE | N CHARACTERI STICS: The thickness of the nollic epipedon and the depth to
the E horizon ranges from7 to 14 inches.

The A horizon has hue of 10YR, 2.5Y, or 5Y; value of 1 to 3 and 3 or 4 dry; and
chroma of 1. It is silty clay loamor silty clay. It has abrupt or clear,
smoot h or wavy | ower boundary.

The E horizon has hue of 10YR, 2.5Y, or 5Y; value of 3 to 5 and 4 to 6 dry; and
chroma of 1. It is silty clay loamor silty clay. |In sone pedons, the E

hori zon has distinct or prominent mottling. The thickness of the E horizon
ranges widely within a short distance, and the | ower boundary is abrupt or clear
and wavy, irregular or broken.

The Btg horizon has hue of 2.5Y or 5Y, value of 2 to 4 and 3 to 6 dry, and
chroma of 1 or 2. It typically averages between 55 and 60 percent clay and
ranges from45 to 60 percent. It has weak or npbderate very coarse to nmedi um
prismatic structure which parts to strong nediumto very fine bl ocky.

The Bkg horizon has hue of 2.5Y or 5Y, value of 4 to 6 and 5 to 7 dry, and

chroma of 1 to 3. It is massive, |lam nated or blocky silty clay or clay. It is
nottled in many pedons. It contains 6 to 20 percent cal cium carbonate. Sone
pedons have a Cg horizon. Sone pedons contain clay loamor clay till bel ow

dept hs of about 40 inches.

COWVPETI NG SERI ES: These are the Tonka series in the sane famly and the

Aber deen, Dovray, Fargo, and Gal chutt series. Tonka soils contain less clay in
the Bt horizon and conmonly contain nore sand and sone coarse fragments in the C
horizons. In addition, they are formed in local alluviumfromtill. Aberdeen
soils have a natric horizon and are not as wet. Dovray soils do not have E

hori zons and have nollic epipedons nore than 24 inches thick. Fargo soils do
not have E horizons. Galchutt soils have A and E horizons that contain |ess

t han 35 percent cl ay.

GEOGRAPHI C SETTING. Enloe soils are in shallow basins and swales in |evel |ake
plains. The soils fornmed in silty clay and clay gl aciol acustrine sedi nents.
The climate is cool subhum d. Mean annual tenperature ranges from 38 to 45
degrees F, and nmean annual precipitation from 17 to 22 inches. Mst of the

noi sture falls in the spring and sumrer.

GEOGRAPHI CALLY ASSCCI ATED SO LS: These are the conpeting Aberdeen, Dovray,
Fargo, and Gal chutt soils and Hegne and Ryan soils. All of these soils are on
nearby | ake plains. Fargo and Hegne soils are on the higher parts of the |ake
pl ain. Hegne soils have a calcic horizon within a depth of 16 inches. Ryan
soils have a thin A horizon and a natric horizon

DRAI NAGE AND PERMEABI LI TY: Poorly drained. Runoff is ponded. Perneability is
sl ow.
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USE AND VEGETATION: Nearly all cropped to small grains and row crops. Native
vegetation was slim sedge, wooly sedge, prairie cordgrass, northern reedgrass,
and a variety of sedges and forbs.

DI STRI BUTI ON AND EXTENT: In the glacial Lake Aggasiz area of eastern North
Dakota. The series is of noderate extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a
SERI ES ESTABLI SHED: Ri chl and County, North Dakota, 1970.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nollic
epi pedon - the zone fromthe surface of the soil to a depth of 8 inches (Ap
horizon), albric horizon - the zone from8 to 14 inches (E horizon); orgillic
horizon - the zone from 14 to 40 inches (Btgl, Btg2, and Btg 3 horizons); chrom
of 2 or less in the albic horizon.

ADDI Tl ONAL DATA: S64NDak-39-1, S65NDak-9-3, S64NDak-9-5 by Soils Departnent,
North Dakota Agricul tural Experiment Station.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON ESMOND ND+MN

Est abl i shed Series
Rev. CJH
2/ 99

ESMOND SERIES

The Esnond series consists of very deep, well drained, node

rately and noderately rapid pernmeable soils that formed in | oany cal careous
glacial till. These soils are on convex positions on noraines and till plains.
They have sl opes ranging from2 to 45 percent. Mean annual air tenperature is
39 degrees F, and nmean annual precipitation is 17 inches.

TAXONOM C CLASS: Coarse-|oany, m xed, superactive, frigid Typic Calciudolls

TYPI CAL PEDON: Esnond | oam on a north-facing convex slope of 20 percent under
native grass. When described the soil was moist throughout. (Colors are for dry
soil unless otherw se stated)

A--0 to 5 inches; very dark gray (10YR 3/1) loam black (10YR 2/1) noist;
weak medi um and fine granular structure; slightly hard, very friable, slightly
sticky and slightly plastic; many roots; many fine pores; few pebbles; slightly
al kal i ne; clear wavy boundary. (4 to 9 inches thick)

ABk--5 to 9 inches; dark gray (10YR 4/1) |oam very dark grayish brown (10YR
3/2) noist; weak coarse prismatic structure parting to weak medi um subangul ar
bl ocky; slightly hard, friable, slightly sticky and slightly plastic; common
roots; common fine pores; few pebbles; conmon fine masses of carbonates; strong
ef fervescence; noderately al kaline; clear wavy boundary. (0 to 7 inches thick)

Bk--9 to 20 inches; |ight brownish gray (2.5Y 6/2) and |ight gray (2.5Y 7/2)
loam olive (2.5Y 4/4) and light olive brown (2.5Y 5/4) npist; weak coarse
prismatic structure parting to weak nedi um subangul ar bl ocky; slightly hard,
friable; slightly sticky and slightly plastic; few roots; comon fine pores; few
pebbl es; commn nasses of carbonates; violent effervescence; noderately
al kal i ne; gradual wavy boundary. (4 to 30 inches thick)

C--20 to 60 inches; light yellow sh brown (2.5Y 6/4) |oam olive brown (2.5Y
4/ 4) noist; few fine pronm nent dark reddi sh brown and yellowi sh brown (2.5YR 3/4
and 10YR 5/6) noist redoxinorphic concentrations; massive; hard, friable,
slightly sticky and slightly plastic; few stones; strong effervescence;
nmoder at el y al kal i ne.

TYPE LOCATI ON: Eddy County, North Dakota; about 1 1/2 mles south and 2 1/2
nmles east of Sheyenne, North Dakota; 800 feet south and 120 feet west of the
northeast corner, Sec. 23, T. 150 NN R 66 W

RANGE | N CHARACTERI STICS: The 10 to 40 inch particle-size control section is
| oam sandy | oam or fine sandy loam It has 8 to 18 percent clay, 40 to 75
percent fine and coarser sand, and 1 to 10 percent rock fragnents. |In some
pedons, it contains m xed pockets of sand, fine sand, |oam silt | oam and
occasional |enses of gravel. The soil is slightly alkaline or noderately

al kal i ne throughout. Stony phases are recognized
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The A horizon has hue of 10YR, value of 3 to 5 and 2 or 3 npoist, and chroma of
1. In some plowed fields it has hue of 2.5Y and/or chroma of 2. It typically
is loam but in some pedons it is sandy |loam fine sandy |oamor silt | oam

The ABK horizon has hue of 10YR or 2.5Y, value of 4 to 6 and 3 to 5 npist, and
chroma of 1 or 2. It is sandy |oam or | oam

The Bk horizon has hue of 10YR or 2.5Y, value of 5to 7 and 4 to 6 noist, and
chroma of 2 to 4. It has a cal cium carbonate equivalent of 10 to 30 percent.
It is loam fine sandy | oam or sandy | oam

The C horizon has hue of 10YR or 2.5Y, value of 5 to 7 and 4 or 5 noist, and
chroma of 2 to 4. It is loam fine sandy |loam sandy loamor silt loam It is
| am nated, massive or stratified till. Below depths of 40 inches in sonme pedons
it is loamy sand or clay | oam

COWVPETI NG SERI ES: There are no conpeting series. Oher simlar series are the
Buse, Heindal and Zell series. Buse soils are fine-loamnmy. Zell soils are
coarse-silty.

GEOGRAPHI C SETTING. Esnond soils are on convex positions on nearly level to
very steep till plains and noraines. Slope gradients typically are 6 to 15
percent, but range from 2 to 45 percent. The soils formed in |oany cal careous
glacial till. The climate is cool, subhum d. Mean annual air tenperature
ranges from 37 to 45 degrees F, and nean annual precipitation from 15 to 22

i nches. Most of the nmoisture falls in the spring and summer. Frost-free days
range from 95 to 140. Elevation above sea |l evel ranges from 900 to 2000 feet.

GEOGRAPHI CALLY ASSCCI ATED SO LS: These are the Enrick, Fram and Hei ndal soils.
These soils are on a toposequence with Esnond soils. Esnmond soils are on
summits and convex shoul der sl opes; Enrick soils are on concave foot slopes and
toe slopes and in swales; Framare in swales and on flats; and Heindal soils are
on convex and plane side slopes. Enrick soils have nollic epipedons nore than
16 inches thick. Fram soils have an aquic noisture reginme. Heindal soils have
a canmbic horizon

DRAI NAGE AND PERMEABI LI TY: Well drained. Surface runoff is very |ow to medi um
depending on slope. Perneability is noderate and noderately rapid.

USE AND VEGETATI ON: These soils are generally used for range and pasture. Less
sl oping areas are used to grow small grains, flax and hay. Native vegetation is
little bluestem plains nuhly, sideoats gramm, plains reedgrass, thickspike
wheat gr ass, western wheat grass, upland sedges, and a variety of forbs.

DI STRI BUTI ON AND EXTENT: Central and eastern North Dakota and western
M nnesot a. It is of noderate extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota

SERI ES ESTABLI SHED: Eddy County, North Dakota, 1971.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nmollic
epi pedon - the zone fromthe surface of the soil to a depth of 9 inches (A and
ABk horizons); calcic horizon - the zone froma depth of 5 to 20 inches (ABk and

Bk horizons).

Nat i onal Cooperative Soil Survey
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LOCATI ON EXLI NE SD+ND

Est abl i shed Seri es
Rev. LDS-WB
02/ 1999

EXLINE SERIES

The Exline series consists of very deep, sonewhat poorly drained or noderately
wel | drained soils fornmed in |lacustrine and alluvial deposits on | ake plains and
terraces. These soils have very slow perneability. Slopes are 0 to 3 percent.
Mean annual precipitation is about 21 inches and nmean annual air tenperature is
about 42 degrees F.

TAXONOM C CLASS: Fine, snmectitic, frigid Leptic Natrudolls

TYPI CAL PEDON: Exline silt loam- in a slightly depressed shallow basin on a
west -facing slope of Iess than 1 percent in native vegetation. \Wen descri bed
the soil was noist throughout. (Colors are for dry soil unless otherw se
stated.)

A--0 to 2 inches; dark gray (10YR 4/1) silt loam black (10YR 2/1) nvist;
weak fine and very fine granular structure; soft, friable, slightly sticky;
slightly acid; clear smoth boundary. (0 to 3 inches thick)

E--2 to 3 inches; gray (10YR 5/1) silt loam very dark gray (10YR 3/1) npist;
weak very thin platy structure; soft, friable, slightly sticky; slightly acid;
abrupt snooth boundary. (0 to 3 inches thick)

Btn--3 to 7 inches; dark gray (10YR 4/1) clay, black (10YR 2/1) noist; strong
medi um col utmar structure parting to strong fine and nmedi um bl ocky; very hard,
very firm very sticky and very plastic; gray (10YR 5/1) coatings on tops of
colums and faces of peds; continuous shiny filnms on vertical faces of peds;
neutral; clear wavy boundary.

Btnz--7 to 11 inches; dark gray (10YR 4/1) clay, black (10YR 2/1) crushing to
very dark brown (10YR 2/2) npist; noderate medium prismatic structure parting to
strong very fine and fine blocky; very hard, very firm very sticky and very
pl astic; continuous shiny filnms on vertical faces of peds; commn fine and
medi um accunul ati ons of salts; noderately al kaline; clear wavy boundary.

(Conbi ned thickness of Bt horizon is 5 to 26 inches thick)

Bt knz--11 to 19 inches; gray (10YR 5/1) clay, very dark gray (10YR 3/1)
noi st; weak very coarse prismatic structure parting to noderate very fine and
fine blocky; very hard, very firm very sticky and very plastic; continuous
shiny films on vertical faces of peds; many fine and medi um accunul ati ons of
salts; common fine accumul ati ons of carbonate; strong effervescence; noderately
al kal i ne; gradual wavy boundary. (0 to 20 inches thick)

Bkz--19 to 23 inches; |ight brownish gray (2.5Y 6/2) clay, grayish brown
(2.5Y 5/2) nmoist; weak very fine blocky structure; very hard, very firm very
sticky and very plastic; common fine tongues of very dark brown (10YR 2/2)
noi st; conmmon fine accumul ati ons of salts; common fine and nedi um accunul ati ons
of carbonate; strong effervescence; strongly al kaline; gradual wavy boundary.
(0 to 32 inches thick.)
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Bk--23 to 34 inches; light brownish gray (2.5Y 6/2) silty clay | oam grayish
brown (2.5Y 5/2) nmpoist; conmon fine prom nent yellow sh brown (10YR 5/6) redox
concentrations and gray (5Y 5/1) redox depletions; weak fine and very fine
bl ocky structure; very hard, firm sticky and plastic; many coarse tongues of
very dark grayish brown (2.5Y 3/2) moist; few fine accunul ations of salts; few
fine accunul ati ons of carbonate; strong effervescence; strongly al kaline;
gradual wavy boundary. (0 to 20 inches thick)

C--34 to 60 inches; light gray (2.5Y 7/2) silty clay loam |I|ight olive brown
(2.5Y 5/4) noist; many fine and nmedi um prom nent yell ow sh brown (10YR 5/6)
redox concentrations and gray (5Y 5/1) redox depletions; varved; very hard,
firm sticky and plastic; conmmon fine and nmedi um accumul ati ons of carbonate in
the upper part; strong effervescence; noderately al kaline.

TYPE LOCATI ON: Brown County, South Dakota; about 4 niles south of Aberdeen; 484
feet south and 120 feet east of the northwest corner of sec. 11, T. 122 N, R
64 W

RANGE | N CHARACTERI STICS: Salts are above horizons with accumul ati ons of
carbonate and are at depths of 6 to 16 inches. Exchangeabl e sodi um percent age
exceeds 15 percent above a depth of 16 inches. Depth to carbonates ranges from
8 to 28 inches.

The A horizon, where present, has value of 3 to 5 and 2 or 3 mpist, and chroma

of 1.5 or less. It is silt loam loam or silty clay loambut is silty clay in
sone pedons where cultivated. It is slightly acid or neutral. The Ap horizon

is 6 to 10 inches thick and is slightly acid to slightly alkaline.

The E horizon has value of 5 or 6 and 3 to 5 mpist. It comonly is silt |oam
but in some pedons it is loamor silty clay loamand is slightly acid or
neutral. Wen cultivated the E horizon commonly is absent.

The Btn and Btnz horizons have hue of 10YR or 2.5Y, value of 3 to 5 and 2 to 4

moi st, and chroma of 1 or 2. It typically is silty clay, clay, or silty clay
| oam but is clay loamin some pedons. Clay content is between 35 and 55
percent. |In nost pedons the |lower part of this horizon contains few or conmon

nests of gypsum and other salts. Reaction ranges fromneutral to strongly
al kal i ne.

The Btknz, Bkz, and Bk horizons have hue of 10YR or 2.5Y, value of 4 to 7 and 3
or 6 noist, and chroma of 1 to 3. They typically are silty clay, clay or silty
clay loambut is clay loamin sonme pedons. They are noderately al kaline or
strongly al kaline. Most pedons have few to many accumul ati ons of carbonate and
salts.

The C horizon has hue of 2.5Y or 5Y, value of 5 to 8 and 3 to 7 nvoist, and
chroma of 2 to 4. It is silt loamor silty clay loamand typically is varved
with thin strata of very fine sand to clay. It is nmoderately al kaline or
strongly alkaline. It has few or common, fine or medium accunul ati ons of
carbonate. Sonme pedons have sandy material or loany glacial till bel ow depths of
40 i nches.

COWPETI NG SERI ES: These are the Adger, Ferney, Mekinock, and Rhoades seri es.
Adger and Rhoades soils have E horizons with chroma of 2 and are drier in the
soil noisture control section during the 120 days follow ng the sumrer solstice.
Ferney soils have nore than 15 percent fine sand or coarser throughout, and
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formed in glacial till. Mekinock soils have a paralithic contact of shale
bedrock at a depth of 20 to 40 inches.

GEOGRAPHI C SETTING. Exline soils are nearly level to level on flats of the

gl acial l|ake plain and terraces. M crodepressions are common in nost areas.

Sl ope gradients are 0 to 3 percent. The soils fornmed in cal careous |acustrine
and al luvial deposits of silt, fine sand, and clay. Mean annual air tenperature
ranges from 34 to 45 degrees, and nmean annual precipitation ranges from 17 to 24
i nches. Most of the precipitation comes in the spring and sumrer. G ow ng
season i s about 120 to 130 days; average grow ng season precipitation ranges
from 13 to 18 inches; and growi ng degree days are about 2500 to 2800.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Aberdeen, Beotia, Harnony,
Nahon, and Putney soils. Aberdeen soils do not have colummar structure in the
Bt horizon and have tonguing of A horizon material into the Bt horizon.

Aber deen and Nahon soils are on broad snmooth flats on nearby | andscapes.
Beotia, Harnmony, and Putney soils are on slightly higher positions and do not
have natric horizons. |In addition, Beotia and Putney soils are fine-silty.
Nahon soils have salts below 16 inches and have thicker sol a.

DRAI NAGE AND PERMEABI LI TY:  Somewhat poorly or noderately well drained. Runoff
is negligible to high depending on slope. Perneability is very sl ow

USE AND VEGETATION: Used mainly for native hay and pasture. Sone areas are
cultivated when in conplex with other soils. Native vegetation includes western
wheat grass, blue grama, buffalograss, inland salt grass, sedges, and forbs.

DI STRI BUTI ON AND EXTENT: Nort heast ern Sout h Dakota and sout heastern North
Dakota. The series is of noderate extent.

MLRA OFFI CE RESPONSI BLE: Bismarck, North Dakota

SERI ES ESTABLI SHED: Day County, South Dakota, 1952.

REMARKS: Di agnostic horizons and features recognized in this pedon are: mollic
epi pedon - the zone fromthe surface of the soil to a depth of about 19 inches
(A, E, Btn, Btnz, and Btknz horizons); Natric horizon - the zone from a depth of
about 3 to 19 inches (Btn Btnz, and Btknz horizons).

Nat i onal Cooperative Soil Survey
U. S. A
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LOCATI ON FAI RDALE ND+WMN MI' SD WY

Est abl i shed Series
Rev. CJH
2/ 97

FAIRDALE SERIES

The Fairdale series consists of very deep, noderately well drained, noderately
perneabl e soils that formed in recent alluvium These soils are on |low terraces
and on flood plains and have sl opes ranging fromO to 15 percent. Mean annua
air tenperature is 42 degrees F, and mean annual precipitation is 19 inches.

TAXONOM C CLASS: Fine-1oamnmy, m xed, superactive, calcareous, frigid Mllic
Udi fl uvents

TYPI CAL PEDON: Fairdale silt loam- on a plane slope of |less than 1 percent
under cropland. (Colors are for nmoist soil unless otherwi se stated. \Wen
descri bed the soil was npoist throughout.)

Ap--0 to 7 inches; very dark brown (10YR 2/2) silt |oam grayish brown (10YR
5/2) dry; moderate fine and medi um subangul ar bl ocky structure; hard, friable,
slightly sticky and slightly plastic; common fine roots; many fine pores; slight
ef fervescence; slightly al kaline; abrupt snooth boundary. (Conbined A horizons
6 to 15 inches thick)

Cl--7 to 10 inches; fine strata of dark grayish brown (10YR 4/2) and very
dark grayish brown (10YR 3/2) silt loam [|ight brownish gray (2.5Y 6/2) dry;
weak medi um subangul ar bl ocky structure; hard, friable, slightly sticky and
slightly plastic; common fine roots; common fine pores; few | arge root channels;
few worm casts; few fragnments of snail shells; slight effervescence; slightly
al kal i ne; abrupt snooth boundary.

C2--10 to 16 inches; very dark grayish brown (10YR 3/2) silt |oam grayish
brown (10YR 5/2) dry; noderate very fine, fine, and nmedi um subangul ar bl ocky
structure; hard, friable, slightly sticky and slightly plastic; common fine
roots; few large root channels; nmany fine pores; few worm casts; few snai
shells; slight effervescence; slightly al kaline; clear smooth boundary.

C3--16 to 48 inches; dark grayish brown (2.5Y 4/2) and brown (10YR 5/ 3)
stratified loam silt loamand very fine sandy |oam |Iight brownish gray (2.5Y
6/2) and very pale brown (10YR 7/3) dry; few fine prom nent brown (7.5YR 5/4)
redoxi nor phi ¢ concentrations in the | ower part; weak nmedium and coarse
subangul ar bl ocky structure; slightly hard, friable, slightly sticky and
slightly plastic; few fine roots, conmon fine pores; few fine white (10YR 8/1)
irregularly shaped nmasses of carbonates; slight effervescence; noderately
al kal i ne; clear snoboth boundary.

Abl--48 to 60 inches; very dark brown (10YR 2/2) and very dark gray (10YR
3/1) silty clay | oam dark grayish brown (10YR 4/2) dry; few fine prom nent
brown (7.5YR 5/4) redoxinorphic concentrations; noderate fine and medi um
subangul ar bl ocky structure; hard, friable, sticky and plastic; few roots and
fine pores; slight effervescence; noderately alkaline; clear snooth boundary.
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Ab2--60 to 67 inches; black (10YR 2/1) and olive brown (2.5Y 4/3) silty clay
| oam dark gray (10YR 4/1) dry; massive; hard, friable, sticky and plastic; many
fine white (10YR 8/1) irregularly shaped masses of carbonates; slight
ef fervescence; noderately al kaline; clear snoboth boundary. (Combined Ab
hori zons 0 to 20 inches thick)

C 1--67 to 80 inches; dark brown (10YR 4/3) and grayish brown (2.5Y 5/2)
silty clay loam Ilight yellowi sh brown (2.5Y 6/3) dry; nassive; hard, firm
sticky and plastic; many fine white (10YR 8/1) irregularly shaped masses of
carbonates; strong effervescence; noderately al kaline.

TYPE LOCATI ON:  Wal sh County, North Dakota; about 1/2 mile west and 1 mle south
of Mnto; 1850 feet south and 250 feet east of the northwest corner, sec. 6, T.
155 N, R 52 W

RANGE | N CHARACTERI STICS: The 10- to 40-inch particle size control section
averages between 18 and 30 percent clay and 15 to 50 percent fine sand or
coarser.

The Ap horizon has hue of 10YR or 2.5Y, value of 4 or 5 and 2 or 3 noist, and
chroma of 1 or 2. It is silt loam |oam fine sandy |oam very fine sandy | oam
silty clay loam silty clay or clay loam It is slightly alkaline. Ab

hori zons, where present, are at depths of nore than 12 inches.

The C horizon has hue of 10YR or 2.5Y, value of 4 to 7 and 3 to 5 nvist, and
chroma of 1 to 4. It is stratified with average texture of loamor silt | oam
It may contain thin layers of fine sandy |oam very fine sandy | oam clay |oam
or silty clay loam It is slightly or strongly effervescent, and contains few
accumul ati ons of carbonates. It is slightly alkaline or noderately al kaline.
Some pedons have sand bel ow a depth of 40 inches.

COVPETI NG SERIES: There are no other series in the sane famly.

GEOGRAPHI C SETTING: Fairdale soils are on low terraces and flood plains. Slope
gradients are mainly less than 1 percent, but range to 15 percent al ong channels
and edges of terraces. The soils fornmed in stratified, |oany recent alluvium
The mean annual air tenperature ranges from 36 to 48 degrees F, and nean annual
precipitation from 15 to 25 inches, nost of which falls in the spring and
sunmer. Frost-free period ranges from90 to 140 days. Elevation above sea

| evel ranges from 650 to 2350 feet.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Cashel, LaDelle, Lamoure, La
Prairie, Ludden, Neche and Wahpeton soils. All of these soils except Wahpeton
soils are on low terraces and fl oodpl ains. Wahpeton soils are on higher | evees.
Cashel soils are fine and somewhat poorly drained. LaDelle and Neche soils are
fine-silty. In addition, LaDelle soils have a nollic epipedon nore than 20

i nches thick and Neche soils have redoxi morphic concentrations within depths of
20 inches. Lampure soils are fine-silty. Ludden and Wahpeton soils are fine.

In addition, Lamoure and Ludden soils are poorly drained. In addition, Wahpeton
have a nollic epipedon nore than 16 inches thick. La Prairie soils have
nol I'i ¢ epi pedons nmore than 30 inches thick

DRAI NAGE AND PERMEABI LI TY: Moderately well drained. Runoff ranges from

negligi ble to medi um depending on slope. Perneability is nmobderate. These soils
have rare or conmmon flooding early in the spring when the snow nelts, and during
severe sumrer storns. A seasonal high water table is at a depth of 3 to 5 feet
at sone tinme during the period of April through June.
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USE AND VEGETATI ON: Most of the soils are used for cropland, hay and pasture.
Native vegetative is md and tall prairie grasses such as big bluestem green
needl egrass, porcupi negrass, western wheatgrass, a variety of forbs, shrubs, and
trees such as boxel der, chokecherry, cottonwood, elm and prairie rose.

DI STRI BUTI ON AND EXTENT: Eastern North Dakota and western M nnesota, mainly

al ong the Red River of the North and its tributaries. The soil is of noderate
extent.

M_LRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota

SERI ES ESTABLI SHED: Sargent County, North Dakota, Tri-County Soil Survey, 1961.

REMARKS: Di agnostic horizons and features recognized in this pedon are:
criteria for Mollic Udifluvents - Ap horizon with nmoist value of less than 4 and
dry value |l ess than 6.

Nati onal Cooperative Soil Survey
U S. A
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LOCATI ON FARGO ND+WN MTI

Est abl i shed Seri es
Rev. NDP- CJH
03/ 1999

FARGO SERIES

The Fargo series consists of very deep, poorly drained and very poorly drained,
slowmy perneable soils that fornmed in cal careous. clayey lacustrine sedinments.
These soils are on glacial |ake plains, floodplains, and gently sl oping side

sl opes of streans within glacial |ake plains. Slopes range fromO to 6 percent.
Mean annual air tenperature is 42 degrees F, and mean annual precipitation is 19
i nches.

TAXONOM C CLASS: Fine, snectitic, frigid Typic Epiaquerts

TYPI CAL PEDON: Fargo silty clay on a level plane slope of less than 1/10
percent under cropland. When described the soil was dry fromO to 8 inches and
moi st from8 to 60 inches. (Colors are for noist soil unless otherw se stated)

Ap--0 to 8 inches; black (10YR 2/1) silty clay, very dark gray (10YR 3/1)
dry; noderate fine subangul ar blocky structure parting to strong fine granular;
very hard, blocks friable, granules firm very sticky and very plastic; many
fine roots; many fine pores; neutral (pH 7.2); abrupt snmooth boundary.

(Conbi ned A horizons 5 to 15 inches thick)

Bwl--8 to 13 inches; black (10YR 2/1) and very dark gray (10YR 3/1) crushed
and rubbed silty clay, very dark gray (10YR 3/1) and dark gray (10YR 4/1)
crushed and rubbed, dry; noderate medi um subangul ar bl ocky structure parting to
strong very fine angul ar bl ocky; extrenely hard, firm very sticky and very
pl astic; many fine roots; many fine pores; faces of peds have shiny waxy sheen
when noist; cracks filled with A material throughout; neutral (pH 7.0); abrupt
wavy boundary.

Bw2--13 to 21 inches; very dark grayish brown (2.5Y 3/2) and very dark gray
(2.5Y 3/1) silty clay, dark grayish brown (2.5Y 4/2) and gray (2.5Y 5/1) dry;
dark grayish brown (2.5Y 4/2) crushed and rubbed, grayish brown (2.5Y 5/2) dry;
noderate coarse prismatic structure parting to strong fine and very fine angul ar
bl ocky; extrenely hard, firm very sticky and very plastic; comon fine roots;
common pores; slickensides on vertical faces of peds; faces of bl ocks have waxy
sheen when noist; slight effervescence in |ower part, noneffervescent on
tongues; cracks filled with A material throughout; slightly alkaline (pH 7.6);
abrupt irregular boundary. (Conbined Bw horizons 8 to 27 inches thick)

Bkg--21 to 32 inches; olive gray (5Y 5/2) silty clay, |ight gray (5Y 7/2)
dry; weak medi um subangul ar bl ocky structure parting to noderate fine angul ar
bl ocky and granul ar; hard, friable, sticky and plastic; few roots; comon fine
pores; cracks filled with A material extend into this horizon; comon fine
masses of carbonates; strong effervescence; noderately alkaline (pH 8.0); clear
wavy boundary. (0 to 26 inches thick)

Cgl--32 to 48 inches; grayish brown (2.5Y 5/2) silty clay, light gray (2.5Y
7/2) dry; common nedium di stinct brown (10YR 4/3) redox concentrations and gray
(5Y 5/1) redox depletions; weak medi um subangul ar bl ocky structure parting to
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noderate very fine angular blocky and granular; very hard, firm very sticky and
very plastic; few fine roots; commmn pores; strong effervescence; noderately
al kaline (pH 8.0); gradual wavy boundary.

Cg2--48 to 60 inches; olive (5Y 4/3) and pale olive (5Y 6/3) silty clay, pale
olive (5Y 6/3) and pale yellow (5Y 8/3) dry; many nmedi um prom nent dark
yel | owi sh brown (10YR 4/4) redox concentrations; |lam nated, fractures to
noderate very fine blocky structure; very hard, firm very sticky and very
pl astic; few nedium masses of carbonates; slight effervescence; noderately
al kaline (pH 8.0).

TYPE LOCATION: Traill County, North Dakota; about 9 mles south and 6 mles
east of Hillsboro; 1170 feet south and 410 feet east of the northwest corner,
sec. 29, T. 144 N, R 49 W

RANGE | N CHARACTERI STICS: The 10- to 40-inch particle size control section
averages between 40 and 60 percent clay and |less than 15 percent fine sand and
coarser. It is free of rock fragnents. The nollic epipedon ranges from8 to 40
i nches in thickness. The depth to carbonates ranges from 11 to 42 inches.
Sal i ne phases are recogni zed.

The A horizon has hue of 10YR, 2.5Y, 5Y or is neutral, value of 2 and 3 or 4
dry, and chroma of 1 or less. It is clay, silty clay or silty clay loam It is
neutral or slightly alkaline.

The Bw horizon has hue of 10YR, 2.5Y or 5Y, value of 2 to 4 and 3 to 5 dry, and
chroma of 1 or 2. It is clay, silty clay or silty clay loam It is neutral to
noderately alkaline. 1t typically has weak or noderate prismatic structure

whi ch parts to strong fine and very fine blocky structure. Sone pedons do not
have the prismatic structure. Slickensides and shiny, waxy surfaces of peds are
common. Cracks filled with A material commonly extend through the Bw horizon
and range froml/2 inch to 5 inches in width. The Iower part of the Bw horizon
has redoxi norphic features in sone pedons. Sone pedons have a Bg horizon

The Bkg horizon, where present, has hue of 10YR, 2.5Y or 5Y, value of 3 to 6 and
5to 8 dry, and chroma of 1 or 2. It is clay, silty clay or silty clay |oam

It is noderately alkaline. It contains 10 to 25 percent cal ci um carbonate

equi val ent diffused or in masses. Where it has nore than 15 percent cal cium
carbonate equivalent, it does not have nore than 5 percent as masses or decrease
by nmore than 5 percent in a | ower horizon

The Cg horizon has hue of 2.5Y or 5Y, value of 3 to 6 and 5 to 8 dry, and chroma
of 1 to 3. It is clay, silty clay or silty clay loam It is noderately

al kaline. It typically contains common to many distinct or prom nent lowto
hi gh chroma redox features. Where the Cg horizon has chroma of 2 or 3, it
contains redox depletions with chroma of 1. Some pedons contain gypsumcrystals
in the Cg horizons. Sedinments are laminated in the |lower part of the Cg horizon
at depths of 36 to 60 inches in nost pedons. Textures of silt |oamare in sone
pedons bel ow depths of 40 inches.

COWPETI NG SERIES: This is the Clearwater series. The Clearwater series has 2
to 8 percent rock fragments throughout and formed in till.

GEOGRAPHI C SETTING: Fargo soils are on level and nearly level glacial |ake

pl ai ns and fl ood plains and gently sloping side slopes of streans within glacia
| ake plains. Slope gradients commonly are | ess than 1 percent but range fromO
to 6 percent. The soils formed in cal careous, clayey lacustrine sedinments. The
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climate is cool subhum d. Mean annual air tenperature ranges from 36 to 45
degrees F, and nmean annual precipitation from 15 to 23 inches. Mst of the
noi sture falls in the spring and sumrer. Frost-free period ranges from90 to
140 days. Elevation above sea | evel ranges from 650 to 1800 feet.

GEOGRAPHI CALLY ASSCOCI ATED SO LS: These are the Bearden, Cashel, Dovray, Grano,
Hegne, Ludden, Overly, Ryan and Wahpeton soils. Bearden and Overly soils are on
nearby | ake plains and are fine-silty. Cashel soils are on floodplains of

| arger streanms and have fine stratification below the Ap horizon. Dovray and
Grano soils are in concave swal es and depressions on | ake plains. Ludden soils
are on floodplains of larger streans. Dovray do not have cracks filled with A
mat eri al that extend through the Bw horizon. Gano and Ludden soils have
carbonates at depths of less than 10 inches. Hegne soils are on slight rises and
have cal cic horizons within depths of 16 inches. They usually are in conplex
with Fargo soils. Ryan soils are on nearby areas where the | ake sedi nents
contain nore salts and have natric horizons. Wahpeton soils are on | evees and
| ow terraces of large streams, commonly at slightly higher elevations than the

| ake plain and are noderately well drained

DRAI NAGE AND PERMEABI LI TY: Poorly drained and very poorly drained. Runoff is
negligible to high depending on slope. Pernmeability is slow A system of |ega
drains, section lines, road ditches, and field drains remove surface water from
nost Fargo soils. A seasonal high water table is at the surface to 3.0 feet

bel ow the surface at sone time during the period of March through July. It is
1.0 foot above the surface to 2.0 feet below the surface at sone tine during the
peri od of February through August in the ponded, depressional or very poorly

dr ai ned phases.

USE AND VEGETATION: The soils are nearly all cropped to small grains, soybeans
and sugar beets. Native vegetation is western wheatgrass, Kentucky bl uegrass
and a variety of forbs.

DI STRI BUTI ON AND EXTENT: Mainly in the Red River Valley of the North in North
Dakota and M nnesota; smaller areas in glaciolacustrine areas and in west-
central Montana. The soil is extensive

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a
SERI ES ESTABLI SHED: Grand Forks Area, North Dakota, 1902.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nmollic
epi pedon - the zone fromthe surface of the soil to a depth of 21 inches (Ap,
Bwl and Bw2 horizons); Vertisol criteria - cracks filled with A material extend
through the Bw horizons and range from1l/2 to 5 inches in width, slickensides in
the 13 to 21 inch layer (Bw2 horizon); the site will be redescribed in the
future to better docunent the Vertisol criteria.

ADDI Tl ONAL DATA: S51NDak-5-3; S51NDak-5-4; S51NDak-5-8; S51NDak-5-9; S53NDak-9-
3; S53NDak- 9-4; S54NDak-50-1; S54NDak-50-2; Soil Survey Investigation No. 2,
pages 72 to 87. Also S64NDak-9-1; S64NDak-9-4; S64NDak-50-3; S64NDak-50-4;
S65NDak- 39-1; S65NDak- 39-2; S65NDak-39-3; and S65NDak-39-4; and S65NDak-49-1
(Type Location 15 feet to the west of this |lab sanple) by Soils Departnent,
North Dakota Agriculture Experinment Station.

Nati onal Cooperative Soil Survey
U S. A
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LOCATI ON FORDVI LLE SD+MN ND

Est abl i shed Seri es
Rev. KFM BOK
04/ 1999

FORDVILLE SERIES

The Fordville series consists of very deep, well drained soils fornmed in | oany
sedi nents that are noderately deep over sand and gravel on outwash plains,
terraces, and flood plains. Perneability is nmoderate in the solum and very
rapid in the underlying sand and gravel. Slopes range fromO to 9 percent. Mean
annual precipitation is about 22 inches, and nmean annual tenperature is 41
degrees F.

TAXONOM C CLASS:. Fine-I|oany over sandy or sandy-skel etal, m xed, superactive,
frigid Pachic Hapludolls

TYPI CAL PEDON: Fordville |loam - on a plane slope of 1 percent in a cultivated
field. Wen described the soil was dry throughout. (Colors are for dry soi
unl ess otherwi se stated.)

Ap--0 to 6 inches; very dark gray (10YR 3/1) loam black (10YR 2/1) npist;
weak fine granular structure; slightly hard, very friable; neutral; abrupt
snmoot h boundary. (The A horizon is 6 to 14 inches thick.)

Bwl--6 to 12 inches; dark gray (10YR 4/1) |loam very dark gray (10YR 3/1)
noi st; noderate coarse prismatic structure parting to weak nmedi um and coarse
subangul ar bl ocky; slightly hard, very friable; neutral; clear wavy boundary.

Bw2--12 to 17 inches; dark grayish brown (10YR 4/2) |oam very dark grayish
brown (10YR 3/2) nmoist; noderate medium and coarse prismatic structure parting
to weak nedium and coarse subangul ar bl ocky; slightly hard, very friable;
neutral; clear wavy boundary.

Bw3--17 to 24 inches; grayish brown (10YR 5/2) |oam very dark grayi sh brown
(10YR 3/2) noist, rubbed dark grayish brown (10YR 4/2) nvoist; noderate nmedi um
prismatic structure; slightly hard, very friable; neutral; clear wavy boundary.
(Combi ned thickness of Bw horizons is 9 to 30 inches)

2Cl1--24 to 27 inches; grayish brown (10YR 5/2) gravelly |oany sand, dark
grayi sh brown (10YR 4/2) nmoist; single grain; thick crusts of cal cium carbonate
on undersi des of pebbl es; about 15 percent gravel; strong effervescence;
slightly al kaline; gradual wavy boundary.

2C2--27 to 60 inches; grayish brown (2.5Y 5/2) gravelly sand, dark grayish
brown (2.5Y 4/2) moist; single grain; thick crusts of calcium carbonate on
under si des of pebbles in upper part; about 25 percent gravel; strong
ef fervescence; slightly alkaline

TYPE LOCATI ON:  Codi ngton County, South Dakota; about 3 mles west of Rauville;
600 feet west and 114 feet north of the southeast corner, sec. 21, T. 118 N.,
R. 52 W on Sisseton-Wahpeton | ndi an Reservation.
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RANGE | N CHARACTERI STI CS: Thi ckness of the nollic epi pedon ranges from 16 to 30
i nches and conmonly includes the Bw horizon. Depth to sand and gravel typically
is about 24 to 30 inches and ranges from 20 to 40 inches.

The A horizon has value of 3 or 4 and 2 or 3 nmoist, and chroma of 1 npist and 1

or 2 dry, but some pedons have chroma of 2 moist below the Ap horizon. It
typically is loambut is silt Ioam stony |loam or very stony |loamin sone
pedons. It is slightly acid or neutral

The Bw horizon has value of 3 to 5 and 2 to 4 moist, and chroma of 1 to 4. It
is loam silt loam or clay | oam averagi ng between 18 and 30 percent clay. It

ranges fromslightly acid to slightly al kaline.

The BC or Bk horizon, where present, has hue of 10YR or 2.5Y, values of 4 to 8
and 3 to 6 noist, and chroma of 2 or 3. They typically are | oamor clay | oam
but in some places, are sandy clay |loam fine sandy |loam or sandy |loam The BC
horizon is neutral or slightly alkaline and the Bk horizon is slightly or

noder ately al kal i ne

The 2C horizon has hue of 10YR or 2.5Y, value of 4 to 7 and 3 to 6 npist, and

chroma of 2 to 4. It is |oany sand, sand, gravelly |oany sand, gravelly sand,
gravelly coarse sand, very gravelly sand, very gravelly |oany sand and contains
up to 50 percent gravel. Thin strata of finer textures are in sonme pedons. |t

is slightly or noderately al kaline

COWVPETI NG SERI ES: These are the Spottswood and Vang series. The Spottswood
soils are mottled within depths of 40 inches and are noderately well drained.
Vang soils have 50 percent or nmore coarse shale fragnents within depths of 20 to
40 i nches.

GEOGRAPHI C SETTING. Fordville soils are on outwash plains, terraces, and flood

pl ai ns of streans that dissect the glacial till plains. Surfaces are plane to
convex. Slope gradients range fromO to 9 percent. The soil fornmed in | oany
al luvium over stratified sand and gravel. Mean annual tenperature ranges from

38 to 48 degrees F, and nmean annual precipitation ranges from 16 to 24 inches.
The growi ng season is about 120 to 140 days; the average growi ng season
precipitation ranges from 13 to 17 inches. The growi ng degree days are about
2500 to 3000.

GEOGRAPHI CALLY ASSOCI ATED SO LS: This is the conpeting Spottswood series and the
Di vi de, Marysl and, Renshaw, and Sioux soils. Spottswood, Divide, and Marysl and
soils are on lower and wetter parts of the outwash plains and terraces. Renshaw
soils have a mollic epipedon |less than 16 inches thick, are shallow to gravel

and are on slightly higher positions. Divide and Marysland soils have calcic
hori zons within depths of 16 inches. Sioux soils have sand and gravel at depths
of less than 14 inches and are higher convex positions.

DRAI NAGE AND PERMEABI LI TY: Well drained. Surface runoff is mediumor |ow
Pernmeability is noderate in the solum and very rapid in the underlying sand and
gravel. Soils on flood plains are flooded for short periods.

USE AND VEGETATION: Primarily used to grow corn, flax, and alfalfa. Native
vegetation consists mainly of big bluestem l|ittle bluestem needl egrass,
west ern wheat grass, blue grama, sideoats grama, sedges, and forbs.

DI STRI BUTI ON AND EXTENT: Nort heast ern Sout h Dakota, eastern North Dakota, and
western M nnesot a. The series is extensive.
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M_LRA OFFI CE RESPONSI BLE: St. Paul, M nnesota
SERI ES ESTABLI SHED: Rock County, M nnesota, 1945.
REMARKS: Di agnostic horizons and features recognized in this pedon are: mollic

epi pedon - the zone fromthe surface of the soil to a depth of about 24 inches
(Ap, Bwl, Bw2, Bw3 horizons).

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON FOSSUM MN+ND SD

Est abl i shed Seri es
RTD- HRF- CJH
07/ 2000

FOSSUM SERIES

The Fossum series consists of very deep, poorly and very poorly drained soils
that formed in cal careous sandy gl aci ol acustrine or outwash sedi ments on | ake
and outwash plains. These soils have rapid perneability. They have sl opes of 0
to 2 percent. Mean annual precipitation is about 20 inches. Mean annual air
tenperature is about 42 degrees F.

TAXONOM C CLASS: Sandy, m xed, cal careous, frigid Typic Endoaquolls

TYPI CAL PEDON: Fossum sandy loamwith a slightly concave slope of less than 1
percent on a glacial lake plain in a cultivated field. (Colors are for noist
soil unless otherw se stated)

Ap--0 to 8 inches; black (10YR 2/1) sandy |loam very dark gray (10YR 3/1)
dry; weak fine subangul ar bl ocky structure; friable; slight effervescence;
noder at el y al kal i ne; abrupt snooth boundary. (6 to 9 inches thick)

Al--8 to 13 inches; very dark gray (N 3/0) |oamy and; dark gray (N 4/0)
dry; massive; very friable; strong effervescence; noderately al kaline; clear
snmoot h boundary. (0 to 6 inches thick)

A2--13 to 21 inches; very dark grayish brown (2.5Y 3/2) sand, dark grayish
brown (2.5Y 4/2) dry; conmon fine faint gray (5Y 5/1) redoxinorphic depletions
and common fine distinct brown (10YR 5/3) redoxi norphic concentrations; single
grain; |loose; strong effervescence; noderately al kaline; clear snooth boundary.
(0 to 9 inches thick)

Cgl--21 to 26 inches; olive gray(5Y 5/2) fine sand; commpbn nedi um
distinct light olive brown (2.5Y 5/6) redoxinorphic concentrations; single
grain; | oose strong effervescence; noderately al kaline; clear wavy boundary.

Cg2--26 to 60 inches; light olive gray (5Y 6/2) fine sand; conmon acarse
proni nent browni sh yellow (10YR 6/8) redoxi nmorphic concentrations; single grain;
| oose strong effervescence in upper part and slight effervescence in | ower part;
noder ately al kaline; clear wavy boundary.

Cg3--60 to 80 inches; light olive gray (5Y 62) fine sand; single grain;
| oose; common coarse prom nent yellowi sh brown (10YR 5/6) redoxi nmorphic
concentrations; slight effervescence; slightly alkaline

TYPE LOCATION: Swift County, M nnesota; about 1.5 miles south and 0.75 mles
east of Clontarf; 1100 feet east and 160 feet south of the northwest corner,
sec. 25, T. 122 N., R 40 W; USGS Hancock SW M nnesota Quadrangle, latitude 45
degrees, 21 mnutes, 15 seconds north, |ongitude 95 degrees, 38 m nutes, 20
seconds west, NAD27

RANGE | N CHARACTERI STICS: The nollic epipedon ranges from 10 to 24 inches
thick. The depth to |oany fine sand or coarser sedinents is less than 20
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i nches. The average texture in the control section has greater than 55 percent
fine sand and very fine sand, |ess than 30 percent nedium sand and coarser, and
| ess than 15 percent silt plus clay. These soils typically have carbonates in
all parts, except the upper 10 inches of the A horizon in sonme pedons. A slight
accunul ati on of carbonates commonly is in the A horizon or Bk horizon or both,
but the maxi mum content of carbonates is | ess than 15 percent. Typically they
are nonsaline, but sonme areas range to 15 nmhos/cm They typically do not have
rock fragnments, but a few pedons contain as nuch as 5 percent by volune of rock
fragments or very fine gravel, in the lower part of the C horizon. The soil is
slightly al kaline or noderately al kaline throughout.

The A horizon has hue of 10YR, 2.5Y, 5Y or is neutral, value of 2 or 3, and
chroma of 2 or less. It comonly has redoxinorphic features in sone part. It
is loamy sand, |oany fine sand, sandy |oam fine sandy |oamor |oam Coarser
textures of sand and fine sand are in the |ower part of some pedons. Sone
pedons have a Bk hori zon.

The C horizon has hue of 10YR, 2.5Y or 5Y, value of 4 to 6, and typically a
chroma of 1 or 2. However, part of the C horizon in sonme pedons has chroma of
3. The C horizon has few to many redoxi norphic features. It is sand, fine
sand, |oamy sand or |oany fine sand. Sandy |oamor fine sandy loamis in the
upper part of some pedons.

2C horizons of loany glacial till or with up to 35 percent gravel are as shall ow
as 40 inches in sonme pedons.

COWPETI NG SERIES: These are in the Verendrye series. The Verendrye soils have
nore than 30 percent medium sand and coarser in the series control section

GEOGRAPHI C SETTI NG. These soils have plane or concave slopes with gradient of 2
percent or less on glacial |ake and outwash plains. They formed in cal careous
sandy gl aci ol acustrine or outwash sedi ments of |ate W sconsi nan Age. Mean
annual precipitation is 15 to 24 inches. Mean annual air tenperature is 36 to
48 degrees F. Frost-free period ranges from 105 to 140 days. Elevation above
sea |level ranges from 650 to 2350 feet.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Flam ng, Hecla, Hamar, Maddock,
U en and Venlo soils which formed in sedinents simlar to those of Fossum soils.
The Flami ng, Hecla and U en soils are somewhat poorly and noderately well

drai ned and are on slightly higher lying terrain. The Maddock soils are well
drai ned and are on higher lying terrain. The poorly drained Hamar soils are on
flats. The very poorly drained Venlo soils are in depressions.

DRAI NAGE AND PERMEABI LI TY: Poorly and very poorly drained. Runoff is
negligible. Perneability is rapid. A seasonal high water table is at a depth
of 0.5 to 1.5 feet.

USE AND VEGETATION: Mostly cropped to small grains, corn, and soybeans. Some
areas are used for growing hay or pasture. Native vegetation was a wet site
comunity of the tall grass prairie.

DI STRI BUTI ON AND EXTENT: Western M nnesota and eastern North Dakot a.
Moder at el y ext ensi ve.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a

SERI ES ESTABLI SHED: Swi ft County, M nnesota, 1970.
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REMARKS: Di agnostic horizons and features are: nmollic epipedon - the zone from
the surface to a depth of 21 inches (Ap, Al, and A2 horizons); aquic noisture
regime - |low chroma and redoxi norphic features below the A horizon.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON FRAM ND+WN

Est abl i shed Seri es

CJH

05/ 2001

FRAM SERIES

The Fram series consists of very deep, somewhat poorly drained, noderately
pernmeabl e soils that formed in till or water sorted sedi ments over till. These
soils are on till plains, noraines and | ake plains. Slopes range fromO to 3
percent. Mean annual air tenperature is 40 degrees F, and nean annua

precipitation is 17 inches.
TAXONOM C CLASS: Coarse-loany, m xed, superactive, frigid Aeric Calciaquolls

TYPI CAL PEDON: Fram | oam on a convex north-northeast facing 1 percent slope in
a cultivated field. \When described the soil was noist throughout. (Colors are
for moist soil unless otherw se stated)

Ap--0 to 7 inches; black (10YR 2/1) loam dark gray (10YR 4/1) dry; weak fine
granul ar structure; very friable; slightly sticky and slightly plastic; conmmopn
fine roots; about 1 percent pebbles; slight effervescence; slightly alkaline;
abrupt snmooth boundary. (6 to 16 inches thick)

Bk--7 to 18 inches; dark grayish brown (2.5Y 4/2) and |ight brownish gray
(2.5Y 6/2) |loam grayish brown (2.5Y 5/2) and light gray (2.5Y 7/2) dry; weak
coarse subangul ar bl ocky structure; slightly hard, very friable; slightly sticky
and slightly plastic; comon fine roots; many fine pores; few thin tongues of A
mat erial; about 1 percent pebbles; violent effervescence; noderately al kaline;
gradual irregular boundary. (6 to 30 inches thick)

BCk--18 to 38 inches; light olive brown (2.5Y 5/4) loam |ight yellow sh
brown (2.5Y 6/4) dry; weak coarse subangul ar bl ocky structure; very friable;
slightly sticky and slightly plastic; few fine roots; comon fine pores; few
masses of carbonates; about 1 percent pebbles; strong effervescence; noderately
al kal i ne; clear wavy boundary. (0 to 30 inches thick)

C--38 to 60 inches; olive brown (2.5Y 4/4) loam 1light olive brown (2.5Y 5/4)
dry; few fine reddi sh brown redoxi norphic concentrations bel ow 40 inches; weak
medi um subangul ar bl ocky structure; hard, friable; slightly sticky and slightly
pl astic; few small nests of gypsumcrystals in upper part, nore in |ower part;
about 5 percent pebbles; strong effervescence; noderately al kaline.

TYPE LOCATION: Wells County, North Dakota; about 5 niles east and 1 mle south
of Fessenden; 385 feet west and 45 feet north of the southeast corner, Sec. 13,
T. 148 N, R 70 W

RANGE | N CHARACTERI STI CS: Thi ckness of the nollic epipedon ranges from7 to 20
inches. The top of the calcic horizon is at depths of |less than 16 inches, and
in some pedons the | ower part of the mollic epi pedon qualifies as part of the
calcic horizon. The soil contains 1 to 10 percent rock fragnments. Some pedons
contain stones. Sone pedons are saline. The soil is slightly alkaline or
noderately al kali ne throughout.
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The A horizon has a hue of 10YR, value of 2 or 3, 3 to 5 dry, and chroma of 1 or
2. It is sandy loam fine sandy |oam very fine sandy |oam |oamor silt |oam
Some pedons have Ak or ABk hori zons.

The Bk horizon has a hue of 10YR or 2.5Y, value of 4 to 6, 5 to 8 dry, and
chroma of 1 to 4. It typically is sandy loam fine sandy | oam or | oam

Redoxi norphic features are in sone to all parts of the Bk and C horizons. Sone
pedons have Bky hori zons.

The C horizon has a hue of 10YR or 2.5Y, value of 4 or 5, 5 to 7 dry, and chrom

of 2to 4. It is sandy |loam fine sandy |oam or |oam
Sone pedons have a 2C horizon. It typically has a coarse textured lag line at
the top.

COWVPETI NG SERIES: This is the Wndnmere series. Wndmere soils do not have rock
fragments and formed in |acustrine materi al

GEOGRAPHI C SETTING. Fram soils are on |level and nearly level till plains,
nor ai nes and | ake plains. Slope gradients range fromO to 3 percent. They
formed in till or water sorted sedinments over till. The climate is cool

subhum d, with a mean annual air tenperature ranging from 36 to 45 degrees F,
and nean annual precipitation ranging from 15 to 22 inches. The frost-free
period ranges from90 to 140 days. The elevation above sea | evel ranges from
750 to 2300 feet.

GEOGRAPHI CALLY ASSCOCI ATED SO LS: These are the Enrick, Hedman, Heindal, Parnel
and Tonka soils. Enrick and Heindal soils are on better drained, higher |ying
positions. Hedman soils are on adjacent poorly drained flats. Parnell and
Tonka soils occupy very poorly and poorly drained areas in depressions.

DRAI NAGE AND PERMEABI LI TY: Somewhat poorly drained. Runoff is negligible to
medi um dependi ng on slope. Perneability is noderate. A seasonal high water
table is at depths of 1.5 to 3.5 feet at sone time during the period Apri

t hrough June.

USE AND VEGETATI ON: Most areas are cultivated with small grains and hay the
principal crops. The original native grasses were big and little bluestem
wheat grass, prairie dropseed, and bl ue granma.

DI STRI BUTI ON AND EXTENT: Central and eastern North Dakota and western
M nnesota. The soils are of |arge extent.

M_LRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a

SERI ES ESTABLI SHED: Wells County, North Dakota, 1971.

REMARKS: Di agnostic horizons and features recognized in the pedon are: nollic
epi pedon - the zone fromthe surface of the soil to a depth of 7 inches (Ap
horizon); calcic horizon - the zone from7 to 18 inches (Bk horizon);
characteristics associated with wetness - calcic horizon within 16 inches.

Where the soil has been previously correlated as noderately well drained or with
sl opes of nmore than 3 percent it should be recorrelated to Ortonville (Aquic

Cal ci udol I s).

Nat i onal Cooperative Soil Survey
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LOCATI ON GALCHUTT ND+WN

Est abl i shed Series
Rev. CJH
12/ 96

GALCHUTT SERIES

The Gal chutt series consists of very deep, somewhat poorly drained, slowy
pernmeabl e soils that formed in glacial |ake sedinents that are silty in the
upper part and clayey in the |ower part. These soils are on glacial |ake plains
and have slopes of 0 to 1 percent. Mean annual air tenperature is 42 degrees F,
and nean annual precipitation is 20 inches.

TAXONOM C CLASS: Fine, snectitic, frigid Vertic Argialbolls

TYPI CAL PEDON: Gal chutt silt loam- on a level slope of less than 1 percent
under cropland. (Colors are for noist soil unless otherwi se stated. \Where
descri bed, the soil was npoist throughout.)

Ap--0 to 8 inches; black (10YR 2/1) silt loam dark gray (10YR 4/1) dry; weak
coarse and nedi um subangul ar bl ocky structure; slightly hard, very friable, very
sticky and slightly plastic; many fine roots; common fine pores; slightly acid;
abrupt snmooth boundary.

A--8 to 16 inches; black (10YR 2/1) and very dark gray (10YR 3/1) silt | oam
dark gray (10YR 4/1) dry, gray (10YR 5/1) dry in lower part; weak coarse
prismatic structure parting to weak thin platy; hard, very friable, slightly
sticky and slightly plastic; many fine roots; many fine pores; neutral; clear
wavy boundary. (Conbined A horizons 9 to 24 inches thick)

E--16 to 25 inches; dark grayish brown (2.5Y 4/2) and very dark grayi sh brown
(2.5Y 3/2) silt loam |Ilight grayish brown (2.5Y 6/2) and grayish brown (2.5Y
5/2) dry; few fine distinct brown (10YR 4/3) and few fine prom nent black (10YR
2/ 1) redox concentrations; weak very coarse prismatic structure parting to weak
medi um pl aty; hard, very friable, slightly sticky and slightly plastic; common
fine roots; many fine pores; neutral; abrupt wavy boundary. (3 to 16 inches
t hi ck)

2Bt1--25 to 32 inches; olive brown (2.5Y 4/3) clay, light yellow sh brown
(2.5Y 6/3) dry; few fine faint gray (5Y 5/1) redox depletions; weak coarse
prismatic structure parting to strong fine and very fine angul ar bl ocky; very
hard, firm sticky and plastic; few fine roots; common fine pores; neutral
gradual wavy boundary.

2Bt 2--32 to 37 inches; dark grayish brown (2.5Y 4/2) clay, light brownish
gray (2.5Y 6/2) dry; conmon nmedium distinct dark gray (5Y 4/1) redox depletions
and common fine faint olive brown (2.5Y 4/4) redox concentrations; weak coarse
prismatic structure parting to strong nedium and fine angul ar bl ocky; very hard,
firm sticky and plastic; few fine roots; common fine pores; few irregular
masses of carbonates; slight effervescence; slightly alkaline; gradual wavy
boundary. (Combi ned 2Bt horizons 6 to 16 inches thick)
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2C--37 to 60 inches; mxed gray (5Y 5/1) and olive brown (2.5Y 4/3) clay,
gray (5Y 6/1) dry; common fine and medium distinct |ight yellow sh brown (2.5Y
6/4) dry, redox concentrations; weak fine subangular bl ocky structure in the
upper part and massive in |lower part; very hard, firm sticky and plastic; few
medi um i rregul ar masses of carbonates; slight effervescence; slightly alkaline

TYPE LOCATION: Richland County, North Dakota; about 7 nmles west and 1 mle
sout h of Wahpeton; 1,875 feet south and 175 feet west of the northeast corner,
sec. 13, T. 132 N, R 49 W

RANGE | N CHARACTERI STICS: Depth to carbonates ranges from 19 to 48 inches.
Depth to the clayey 2Bt ranges from 12 to 30 inches. The mollic epipedon ranges
from 10 to 24 inches in thickness.

The A horizon has hue of 10YR, value of 2 or 3, and 3 or 4 dry, and chroma of 1.
It typically is silt loam but it is loam fine sandy loamor silty clay loamin
sone pedons. It is slightly acid or neutral. Faint redox features having
chroma of 2 or higher are in the |ower part in sonme pedons.

The E horizon has hue of 2.5Y or 10YR, value of 3 to 5 and 5 to 7 dry, and
chroma of 1 to 3. It is silt loam very fine sandy loamor loam It is neutral
Redox features range fromfew to many, fine to large, and faint to prom nent.

The 2Bt horizon has hue of 2.5Y or 5Y, value of 4 or 5 and 5 or 6 dry, and
chroma of 2 or 3. It is silty clay or clay and averages between 45 and 60
percent clay. It is neutral or slightly alkaline. Redox features range from
fewto many, fine to large, and faint to promnent. It has weak or noderate
prismatic structure and noderate or strong fine or very fine angular bl ocky
structure. In sonme pedons tongues of A horizon extend into the 2Bt hori zon.
The | ower part of the 2Bt has slight to strong effervescence and carbonates are
di ffused through the soil or in nasses. Sone pedons do not have carbonates in
the |l ower part of the 2Bt horizon.

The 2C horizon has hue of 2.5Y or 5Y, value of 4 or 5 and 5 or 6 dry, and chronma
of 1 to 4. It is silty clay or clay and has nassive, |am nated, or weak or
noder at e grades of blocky structure. It is slightly alkaline. It has fewto
common accunul ati ons of carbonates in many pedons. Numerous distinct or

pronm nent redox features make the 2C horizon appear nulticolored in many pedons.

COVPETI NG SERIES: This is the Mdl as series as previously classified. Molas
soils have a paralithic contact within depths of 40 inches.

GEOGRAPHI C SETTING: Galchutt soils are on |evel glacial |ake plains. Slope
gradients range fromO to 1 percent. The soils formed in glacial |ake sedinents
that are silty in the upper part and clayey in the |lower part. Mean annual air
tenperature ranges from 36 to 45 degrees F, and mean annual precipitation from
19 to 23 inches. Most of the precipitation comes in the spring and sumrer.

GEOGRAPHI CALLY ASSCCI ATED SO LS: These are the Bearden, Enloe, Fargo, Hegne,
Overly and Perella soils. Bearden, Overly and Perella soils are on nearby silty
| ake plains. They are fine-silty. Bearden soils have a calcic horizon within
depths of 16 inches. Overly soils do not have an E horizon. Perella soils are
poorly drained. Enloe, Fargo and Hegne soils are on nearby | ake plains. Enloe

soils do not have an abrupt textural change fromthe albic to the argillic
hori zon and are wetter. Fargo and Hegne soils are clayey throughout and do not
have an albic or argillic horizon. |In addition, Hegne soils have a calcic

horizon within a depth of 16 inches.
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DRAI NAGE AND PERMEABI LI TY:  Sonmewhat poorly drained. Runoff is very slow
Permeability is noderate in the A and E horizons and slow in the 2Bt and 2C
hori zons. A seasonal high, perched water table is above the 2Bt horizon, at
depths of 1 to 3 feet below the surface, after high rainfall and in the spring
when snow nelts.

USE AND VEGETATION: A |large percent of this soil is cultivated. Small grains,
soybeans, and flax are principal crops. Native vegetation was big bl uestem
green needl egrass, western wheatgrass and a variety of forbs.

DI STRI BUTI ON AND EXTENT: Eastern North Dakota and western M nnesot a. The
series is of noderate extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota
SERI ES ESTABLI SHED: Ri chl and County, North Dakota, 1970.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nollic
epi pedon - zone fromthe surface of the soil to a depth of 16 inches (Ap and A
horizon); albic horizon - zone from 16 to 25 inches (E horizons); argillic

hori zon - zone from 25 to 37 inches (2Bt1 and 2Bt2 horizons); features
associated with wetness - redox features in the E and 2Bt horizons; abrupt
textural change fromalbic to argillic horizon - silt |oam (E horizon) to clay
(Bt1 horizon); vertic criteria - LE of nore than 6 cmin the upper 1 neter.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON GARDENA ND+WMN MI' SD

Est abl i shed Series
Rev. CJH
10/ 98

GARDENA SERIES

The Gardena series consists of very deep, well drained and noderately well
drai ned, noderately perneable soils that formed in calcareous silty and | oany
gl aci ol acustrine sedinments. These soils are on terraces, deltas and gl aci al

| ake plains and have slopes ranging fromO to 9 percent. Mean annual air
tenperature is 39 degrees F, and nmean annual precipitation is 18 inches.

TAXONOM C CLASS: Coarse-silty, m xed, superactive, frigid Pachic Hapl udolls

TYPI CAL PEDON: Gardena silt loamon a |evel plane slope of less than 1 percent
under cropland. \When described the soil was moist throughout. (Colors are for
dry soil unless otherw se stated)

Ap--0 to 9 inches; very dark gray (10YR 3/1) silt loam black (10YR 2/1)
nmoi st; weak coarse and nmedi um subangul ar bl ocky structure parting to noderate
fine granular; slightly hard, friable, slightly sticky and slightly plastic;
many fine roots; many fine pores; slightly alkaline; abrupt snooth boundary.

A--9 to 15 inches; very dark gray (10YR 3/1) silt loam black (10YR 2/1)
noi st; weak coarse subangul ar bl ocky structure; slightly hard, friable, slightly
sticky and slightly plastic; many fine roots; many fine pores; slightly
al kal i ne; gradual wavy boundary. (Combined A horizons 9 to 25 inches thick)

Bw--15 to 22 inches; dark grayish brown (10YR 4/2) silt |oam very dark
grayi sh brown (10YR 3/2) moist; weak medium prismatic structure; hard, friable,
slightly sticky and slightly plastic; many fine roots; common pores; slightly
al kal i ne; gradual wavy boundary. (5 to 18 inches thick)

Bk--22 to 33 inches; pale brown (10YR 6/3) silt |loam brown (10YR 4/3)
noi st; weak coarse subangul ar bl ocky structure parting to weak fine granul ar;
hard, friable, slightly sticky and slightly plastic; commn fine roots; commopn
pores; few krotovinas; a few small nasses of segregated carbonates; violent
ef fervescence; slightly alkaline; diffuse wavy boundary. (0 to 20 inches thick)

Cl--33 to 56 inches; pale brown (10YR 6/3) silt |Ioam brown (10YR 4/3)
moi st; few fine distinct grayish brown (2.5Y 5/2) redox depletions and dark
brown (10YR 3/3) redox concentrations in |ower part; weak fine and very fine
subangul ar bl ocky structure; hard, friable, slightly sticky and slightly
plastic; few roots; conmon fine pores; few krotovinas to 44 inches; strong
ef fervescence; noderately al kal i ne; abrupt smooth boundary.

C2--56 to 60 inches; light yellow sh brown (2.5Y 6/3) silt |oam grayish
brown (2.5Y 5/2) nmpoist; many medium pronmi nent dark yell owi sh brown (10YR 4/ 4)
redox concentrations; |am nated; hard, friable, slightly sticky and nonpl asti c;
strong effervescence; noderately al kaline.
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TYPE LOCATI ON: WAl sh County, North Dakota; about 5 1/4 miles west and 5 mles
north of Grafton; 1,340 feet west and 430 feet north of the southeast corner
sec. 13, T. 158 N., R 54 W

RANGE | N CHARACTERI STICS: The depth to carbonates typically is 20 to 40 inches
and ranges from about 14 to 40 inches. The nmollic epipedon ranges from 16 to
about 40 inches in thickness and includes part or all of the Bw horizon. The
10- to 40-inch particle-size control section is silt Ioam |oam or very fine
sandy | oam and has nore than 5 percent fine sand and coarser.

The A horizon has hue of 10YR, value of 3 or 4 and 2 or 3 moist, and chroma of
1. It has chroma of 2 in the |ower part of sone pedons. It is loam silt |oam
or very fine sandy loam Reaction is neutral or slightly alkaline.

The Bw horizon has hue of 10YR or 2.5Y, value of 3 to 5 and 2 to 4 noist, and
chroma of 1 to 3. It is loam silt loamor very fine sandy loam It has weak
or noderate grades of prismatic and blocky structure. Faint redox features are
in the | ower part of the Bw horizon in sone pedons. Reaction is neutral to
noder ately al kal i ne

The Bk horizon has hue of 10YR, 2.5Y or 5Y, value of 5to 7 and 4 to 6 nvist,
and chroma of 2 to 4. It is loam silt loamor very fine sandy loam It has 10
to 30 percent calcium carbonate equivalent. Reaction is slightly alkaline or
noderately al kaline. Sone pedons have BCk horizons.

The C horizon has hue of 10YR, 2.5Y or 5Y, value of 5to 7 and 4 to 6 noist, and
chroma of 2 to 4. It does not have redox features in some pedons. Reaction is
slightly al kaline or noderately al kaline. The C horizon bel ow depths of 40

i nches commonly has texture simlar to the control section, but in some pedons
it contains coarser or finer textured glacial till or lacustrine sedinents.

COWPETI NG SERIES: This is the Hantho series. Hantho soils formed in 3 to 6
feet of |oess overlying glacial till and have |l ess than 5 percent fine sand and
coarser sand in the particle-size control section

GEOGRAPHI C SETTI NG:. Gardena soils are on level to sloping terraces, deltas and
gl acial |ake plains. Slope gradients commnly average between 1 to 3 percent
and range fromO to 9 percent. The soils formed in calcareous silty and | oany
gl aci ol acustrine sedinments. The climte is cool, subhum d. Mean annual air
tenmperature ranges from 36 to 45 degrees F, and nmean annual precipitation ranges
from1l5 to 24 inches. Mdst of the nmoisture falls in the spring and summer.

GEOGRAPHI CALLY ASSCOCI ATED SO LS: These are the Bearden, Borup, Colvin, Eckman,
Enmbden, d yndon, Overly and Perella soils. Bearden, Colvin and Perella soils
are on nearby | ake plains. They are fine-silty. |In addition, Colvin and
Perella soils are poorly drained; and Bearden and Colvin soils have calcic

hori zons within depths of 16 inches. Borup, Eckman and G yndon soils are in a
dr ai nage sequence with Gardena soils. Borup soils are in the swales, basins and
low flats; Eckman soils are on the sl opes and convex parts of the | andscape; and
G yndon soils are on the level parts and | ower elevations. Borup soils have
calcic horizons within depths of 16 inches and are poorly drai ned. Eckman soils
have nmollic epi pedons | ess than 16 inches thick. @ yndon soils do not have Bw
hori zons and have cal cic horizons at depths of |ess than 16 inches. Enbden and
Overly soils are on nearby deltas and | ake plains. Enmbden soils are coarse-

| oamy. Overly soils are fine-silty.
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DRAI NAGE AND PERMEABI LI TY: Well drained and noderately well drained. Runoff
ranges from negligi ble to noderate depending on slope. Permeability is
noderate. A seasonal high water table is at a depth of 3 to 5 feet at sonetine
during the period of April through June in the noderately well drained phase.

It is at a depth of 4 to nmore than 6 feet for the sane period in the wel

dr ai ned phase.

USE AND VEGETATION: Soils are cropped to small grains and row crops such as
soybeans, potatoes, sugar beets, beans and sunflowers. Native vegetation was
green needl egrass, bearded wheatgrass, western wheatgrass, prairie junegrass,
needl eandt hread, blue grama and a variety of forbs.

DI STRI BUTI ON AND EXTENT: Nort h-central and eastern North Dakota, northeastern
Sout h Dakota and west-central M nnesota. The series is extensive

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a

SERI ES ESTABLI SHED: Sargent County, North Dakota, 1961.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nollic
epi pedon - the zone fromthe surface of the soil to a depth of 22 inches (Ap, A

and Bw hori zons).

ADDI TI ONAL DATA: Laboratory data: S51NDak-5-7, S50NDak-38-1 and North Dakota
Agricul tural Experinent Station, Soils Department S66ND-39-1 and S66ND- 50- 3

Nati onal Cooperative Soil Survey
U S A

Devils Lake Salinity Study: Appendix B2 Page 93
Sheyenne Valley



LOCATI ON GLYNDON MN+ND SD

Est abl i shed Seri es
Rev. RBH- CJH
06/ 1999

GLYNDON SERIES

The G yndon series consists of very deep, sonewhat poorly drained soils that
formed in silty glacial l|acustrine sedinents and delta sedinents on glacial |ake
pl ai ns. They have noderate perneability in the upper part and noderately rapid
pernmeability in the |lower part. They have slopes of 0 to 3 percent. Mean
annual precipitation is about 20 inches. Mean annual air tenperature is about
40 degrees F.

TAXONOM C CLASS: Coarse-silty, mxed, superactive, frigid Aeric Calciaquolls

TYPI CAL PEDON: d yndon loamwith a plane | evel slope on a glacial lake plain in
a cultivated field. (Colors are for noist soil unless otherw se stated)

Ap--0 to 8 inches; black (10YR 2/1) |oam few masses of very dark gray (10YR
3/1); dark gray (10YR 4/1) dry; weak very fine subangul ar bl ocky structure; very
friable; many roots; strong effervescence; noderately al kaline; abrupt snpoth
boundary.

A--8 to 11 inches; black (10YR 2/1) |loam common inclusions of very dark gray
(10YR 3/1); dark gray (10YR 4/1) dry; weak very fine subangul ar bl ocky
structure; very friable; many roots; strong effervescence; noderately al kaline
gradual wavy boundary. (Combined A horizon 7 to 16 inches)

Bk1l--11 to 16 inches; dark gray (10YR 4/1) |oam weak very fine subangul ar
bl ocky structure; very friable; many roots; dissem nated carbonates throughout;
viol ent effervescence; noderately al kaline; gradual wavy boundary.

Bk2--16 to 28 inches; light yellow sh brown (2.5Y 6/3) |loam few fine faint
light yellowi sh brown (2.5Y 6/4) redoxinorphic concentrations; weak very fine
subangul ar bl ocky structure; very friable; dissem nated carbonates throughout;
viol ent effervescence; noderately al kaline; clear smooth boundary. (Conbined Bk
hori zons 10 to 52 inches thick)

C--28 to 36 inches; light yellow sh brown (2.5Y 6/4) loany very fine sand,
common fine distinct light olive brown (2.5Y 5/6) redoxinorphic concentrations;
massi ve; very friable; strong effervescence; noderately al kaline; gradual snooth
boundary.

Cg--36 to 60 inches; light brownish gray (2.5Y 6/2) loany very fine sand
many medi um prom nent browni sh yell ow (10YR 6/8) redoxi norphic concentrations;
massive with some weak beddi ng pl anes; very friable; strong effervescence
noder at el y al kal i ne

TYPE LOCATI ON:  Norman County, M nnesota; about 4 mles north and 2 nmiles east
of Ada; 665 feet east and 210 feet south of the northwest corner of Sec. 25, T.
145 N, R 46 W
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RANGE | N CHARACTERI STICS: The thickness of the nollic epipedon ranges from7 to
16 inches. The calcic horizon begins within a depth of 16 inches. These soils
have | ess than 15 percent fine sand or coarser in the upper part of the
particle-size control section. These soils do not have rock fragnents at |east
to a depth of 40 inches. The calcium carbonate equivalent typically ranges from
15 to 40 percent in the 0- to 40-inch section. Calciumcarbonate contents

hi gher than 40 percent are in the calcic horizon in sone pedons and sone pedons
are saline.

The Ap or A horizon has hue of 10YR, value of 2 or 3, and chroma of 1 or 2.
Texture is very fine sandy loam |oam silt |oam sandy clay loamor silty clay
| oam Reaction is slightly alkaline to strongly al kaline. Some pedons have an
ABk horizon

The Bk horizon has hue of 10YR to 5Y, value of 3 to 7, and chroma of 1 to 4.
Redoxi norphic features are present in sonme pedons. Texture is loany very fine
sand, very fine sandy |loam |oam sandy clay loam silt loam or silty clay

| oam Sandy clay |oam and silty clay |loamtextures are possi ble because of the
| arge anmounts of clay size calciumcarbonate in this horizon. Sonme pedons have
Bky or BCk horizons. Reaction is slightly alkaline to strongly al kaline

The C horizon has hue of 10YR to 5Y, value of 4 to 7, and chroma of 2 to 4.
Redoxi norphic features are present in sone to all parts. Texture is very fine
sand, |oany very fine sand, very fine sandy loam l|loam or silt |loam Reaction
is slightly alkaline to strongly al kaline. A 2C horizon with sandy, coarse-

| oanmy, fine-loamy, or fine-silty particle-size begins at depths as shallow as 40
i nches in some pedons.

COWPETI NG SERI ES: These are the Bohnsack series. Bohnsack soils contain nore
than 15 percent fine sand or coarser in the upper part of the particle-size
control section and contain 2 to 10 percent rock fragments.

GEOGRAPHI C SETTI NG: These soils have plane or slightly convex slopes with
gradient of 0 to 3 percent on glacial |ake plains. They formed in 40 inches or
nore of |ate W sconsian age glacial |acustrine sedinents and delta sedi nents.
Mean annual air tenperature is 36 to 45 degrees F. Mean annual precipitation
ranges from 15 to 24 inches. Frost-free days range from90 to 150. Elevation
above sea level ranges from 800 to 1500 feet.

GEOGRAPHI CALLY ASSCCI ATED SO LS: These are the Bearden, Borup, Eckman, Gardena
and Wheatville soils. Bearden soils are fine-silty. The poorly drained Borup
soils are in shallow depressions and |lower-lying flats. Eckman and Gardena
soils are better drained and are on higher lying areas. Wheatville soils have
clayey 2C horizons within 40 inches.

DRAI NAGE AND PERMEABI LI TY:  Somewhat poorly drained. Surface runoff is
negligi ble to noderate depending on slope. Perneability is noderate in the
upper part and nmoderately rapid in the lower part. An apparent seasonal high
water table is at depths of 1.5 to 3.5 at sonme time from April through June in
nost years.

USE AND VEGETATI ON: These soils are cultivated. Small grains are the principa
crops, but sugar beets and potatoes are inportant crops. Native vegetation is
tall grass prairie.

DI STRI BUTI ON AND EXTENT: Mainly in the Red River Valley of northwestern
M nnesota and eastern North Dakota. It is also in smaller glacial |ake basins
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of western M nnesota, central North Dakota, and northeast South Dakot a. It is
ext ensi ve.

MLRA OFFI CE RESPONSI BLE: Bismarck, North Dakota
SERI ES ESTABLI SHED: Sargent County, North Dakota, in 196l.

REMARKS: Di agnhostic horizons and features recognized in this pedon are: nmollic
epi pedon - zone fromthe surface to 11 inches (Ap and A horizons); calcic

hori zon - zone from 11 to 28 inches (Bkl and Bk2 horizons); aquic noisture

regi me.

Where the soil has been previously correlated as noderately well drained or on
sl opes of nore than 3 percent, a new series should be established (Aquic
Cal ci udol I s).

ADDI TI ONAL DATA: Refer to MAES Central File Code Nos. 2, 3, 4, 107, 122, 125,
and 931 for results of some |aboratory anal yses of pedons of this series. No.
122 is the typical pedon of this series.

Nat i onal Cooperative Soil Survey
U S A
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LOCATI ON GREAT BEND SD+ND

Est abl i shed Seri es
Rev. LDS-WB
10/ 98

GREAT BEND SERIES

The Great Bend series consists of very deep, well drained soils formed in

gl aci ol acustrine sedinents on |ake plains. Perneability is noderate in the
sol um and noderate to slow in the underlying material. Slopes range fromO to
15 percent. Mean annual precipitation is about 19 inches, and nean annual air
tenperature is about 43 degrees F.

TAXONOM C CLASS: Fine-silty, mxed, superactive, frigid Calcic Hapludolls

TYPI CAL PEDON: Great Bend silt loam- on a northwest-facing sl ope of 3 percent
in a cultivated field. When described the soil was dry throughout. (Colors are
for dry soil unless otherwi se stated.)

Ap--0 to 8 inches; grayish brown (10YR 5/2) silt loam very dark gray (10YR
3/1) noist; weak fine granular structure; slightly hard, friable; many fine
roots; neutral; abrupt smooth boundary. (5 to 10 inches thick)

Bw--8 to 13 inches; grayish brown (10YR 5/2) silty clay | oam very dark
grayi sh brown (10YR 3/2) noist; weak coarse prismatic structure parting to weak
medi um subangul ar bl ocky; slightly hard, friable; common fine roots; neutral
cl ear wavy boundary. (5 to 16 inches thick)

Bk1--13 to 17 inches; pale yellow (2.5Y 7/4) silt loam light olive brown
(2.5Y 5/4) noist; weak coarse prismatic structure parting to weak medi um
subangul ar bl ocky; slightly hard, very friable; few roots; many fine pores;
strong effervescence (17 percent calcium carbonate); slightly alkaline; clear
wavy boundary.

Bk2--17 to 29 inches; pale yellow (2.5Y 7/4) silt loam 1light olive brown
(2.5Y 5/4) noist; weak coarse and nedi um subangul ar bl ocky structure; slightly
hard, very friable; few roots; many fine pores; few fine threads of gypsum
viol ent effervescence (24 percent calcium carbonate); noderately al kaline
gradual wavy boundary. (Conbined Bk horizons is 6 to 26 inches thick.)

Cl--29 to 46 inches; light gray (2.5Y 7/2) and light olive brown (2.5Y 5/4)
silt loam 1light yellow sh brown (2.5Y 6/4) and olive brown (2.5Y 4/4) nvist;
massi ve, varved; slightly hard, friable; strong effervescence (16 percent
cal cium carbonate); noderately al kaline; gradual wavy boundary.

C2--46 to 60 inches; white (2.5Y 8/2) silt loam varved with thin layers of
silty clay and very fine sandy loam |ight yellow sh brown (2.5Y 6/4) noist;
common fine distinct vyellow sh brown (10YR 5/6) and strong brown (7.5YR 5/6)
redox concentrations; massive; slightly hard, friable; 1 to 3 mmthick varves;
few fine dark concretions (iron and manganese oxides); few fine threads of
gypsum crystals; strong effervescence (13 percent cal cium carbonate); noderately
al kal i ne.
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TYPE LOCATI ON:  Brown County, South Dakota; about 1 mile west and 3 nmiles north
of Stratford; 1100 feet south and 130 feet east of the northwest corner of sec.
29, T. 122 N, R 62 W

RANGE | N CHARACTERI STI CS: Thi ckness of the nollic epipedon ranges from7 to 16
i nches and extends into the Bw horizon in nost pedons. Depth to carbonate
ranges from 10 to 32 inches thick. The particle size control section contains a
uni form fine sand distribution and | ess than 15 percent fine sand or coarser.

The A horizon has value of 3 to 5 and 2 or 3 noist, and chroma of 1 or 2 and 1.5
or less moist. It is silt loamor silty clay loamand is slightly acid to
slightly al kaline.

The Bw horizon has hue of 10YR or 2.5Y, value of 4 to 6 and 3 to 5 noist, and

chroma of 2 to 4. It is silt loamor silty clay | oam averagi ng between 18 and
30 percent clay. It is neutral to noderately al kaline. Sonme pedons have relic
nottles.

The Bk horizon has hue of 10YR or 2.5Y, value of 6 to 8 and 4 to 6 noist, and
chroma of 2 to 4. It is silt loamor silty clay loamand is slightly or
nmoderately al kaline. Sone pedons have relic nottles.

The C horizon has 2.5Y hue, value of 5 to 8 and 4 to 6 noist, and chroma of 2 to

4. It is silt loamor silty clay loamand typically is varved with very thin
strata of very fine sand to clay in the |ower part. Stratified |oanmy sand or
| oanmy glacial till is below a depth of 40 inches in sone pedons. Varves range

fromless than 1 mmto 10 mmin thickness. Carbonate occurs as both di ssem nated
and accunul ati ons. Cal cium carbonate equi val ent ranges from 10 to 26 percent.

It is slightly or noderately al kaline. Few to commpn salts are visible in some
pedons. Many krotovina are in the Bk and C horizons of some pedons. Few to
comon nottles of high chroma typically are in the C horizon

COWVPETI NG SERI ES: These are Brandt, Kranzburg, Poinsett, and Putney series in
the same famly. The Kranzburg soils have nore than 15 percent fine sand or
coarser between depths of 20 and 40 inches. Brandt and Poinsett soils have an
uneven fine sand distribution in the particle size control section and contain
nore sand and coarse fragments in the series control section. Putney soils have
gypsum and other salts within a depth of 20 inches.

GEOGRAPHI C SETTING. Great Bend soils are on glacial |ake and delta plains.

Sl opes are convex and npbst have gradients of less than 6 percent, but range from
0 to 15 percent. Great Bend soils formed in silty, calcareous gl aciol acustrine
sedi ments of silt sized particles but with varves of very fine sand or clay
sized particles. Mean annual air tenperature ranges from 38 to 48 degrees F,

and mean annual precipitation from 16 to 24 inches. G ow ng season is about 120
to 140 days; average grow ng season precipitation from14 to 18 inches; and
growi ng degree days are about 2500 to 3000

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Aberdeen, Beotia, Exline,

Har nrony, Nahon, Tonka, and Zell soils. Aberdeen, Exline, Harnony, and Nahon
soils are on broad flats. Aberdeen, Exline, and Nahon soils have a natric

hori zon, and Harnony soil has an argillic horizon. Beotia soils have nollic

epi pedons greater than 16 inches thick and are slightly |lower on the | andscape.
The poorly drained Tonka soils have an albic horizon and are in closed
depressions. Zell soils are coarse-silty and are on the steeper slopes,
particularly along steep sides of streamvalleys crossing the |ake plain.
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DRAI NAGE AND PERMEABI LI TY: Well drained. Surface runoff is negligible to
medi um dependi ng on the slope. Perneability is noderate in the solum and
nmoderate to slow in the underlying materi al

USE AND VEGETATI ON: Most areas cropped to corn, small grains, and alfalfa.
Smal | areas are in native range of blue grama, big bluestem green needl egrass,
west ern wheat grass, sideoats grama, needl eandthread, little bluestem

porcupi negrass, bearded wheat grass, sedges, and forbs.

DI STRI BUTI ON AND EXTENT: Nort heast ern Sout h Dakota and sout heastern North
Dakota. The series is of npderate extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a
SERI ES ESTABLI SHED: Day County, South Dakota, 1952.

ADDI TI ONAL DATA: NSSL data for the typical pedon of Great Bend silt |oamis No.
741.1028-74L1034.

REMARKS: Di agnostic horizons and features recognized in this pedon are: mollic
epi pedon - the zone fromthe surface of the soil to a depth of about 13 inches
(Ap, and Bw horizons).

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON HAMAR SD+MN ND

Est abl i shed Seri es
LDS- CJH
10/ 2001

HAMAR SERIES

The Hamar series consists of very deep, poorly drained soils formed in eolian or
| acustrine sands in upland swal es and depressions. Perneability is rapid or
noderately rapid. Slopes range fromO to 3 percent. Mean annual precipitation
is about 21 inches, and nmean annual air tenperature is about 43 degrees F.

TAXONOM C CLASS: Sandy, mixed, frigid Typic Endoaquolls

TYPI CAL PEDON: Hamar | oany fine sand - in a basin area of |less than 1 percent
slope in native grass. When described the soil was npoist throughout. (Colors
are for noist soil unless otherw se stated)

Al--0 to 7 inches; black (10YR 2/1) loany fine sand, dark gray (10YR 4/1)
dry; single grain; few fine prom nent yellow sh brown (10YR 5/6) redoxi nmorphic
concentrations; many fine and mediumroots; slightly alkaline; clear wavy
boundary.

A2--7 to 12 inches; black (10YR 2/1) loany fine sand, dark gray (10YR 4/1)
dry; single grain; common fine distinct dark yell owi sh brown (10YR 4/4) and
common fine prom nent brown (7.5YR 4/4) redoxinmorphic concentrations; nmany fine
and nediumroots; slightly al kaline; clear wavy boundary. (Conbined A horizons
10 to 30 inches thick)

AC--12 to 17 inches; very dark gray (10YR 3/1) loany fine sand, gray (10YR
5/1) dry; single grain; common fine distinct dark yellowi sh brown (10YR 4/4)
redoxi mor phi ¢ concentrations; comon fine and medi umroots; noderately al kaline;
cl ear wavy boundary. (0 to 10 inches thick)

Cl--17 to 23 inches; very dark grayish brown (10YR 3/2) fine sand, grayish
brown (10YR 5/2) dry; single grain; few fine distinct dark yell owi sh brown (10YR
4/ 4) and prom nent yellow sh brown (10YR 5/6) redoxi norphic concentrations;
slightly al kaline; clear wavy boundary.

C2--23 to 40 inches; grayish brown (2.5Y 5/2) fine sand, |ight brownish gray
(2.5Y 6/2) dry; single grain; common fine prom nent yellow sh brown (10YR 5/6)
redoxi nor phi ¢ concentrations; comon fine and mediumroots in upper part and few
fine and mediumroots in lower part; slight effervescence in the |ower part;
slightly al kaline; clear wavy boundary.

Ab--40 to 47 inches; very dark gray (10YR 3/1) loany fine sand, gray (10YR
5/1) dry; single grain; few fine distinct dark yell owi sh brown (10YR 4/ 4)
redoxi mor phi ¢ concentrations; few fine and nmediumroots; strong effervescence;
nmoder ately al kaline; clear wavy boundary.

Cg--47 to 60 inches; olive gray (5Y 5/2) fine sand, light gray (5Y 7/2) dry;
single grain; comon fine prom nent dark yellow sh browmm (10YR 4/4) and
yel | owi sh brown (10YR 5/6) redoxi norphic concentrations and few fine distinct
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greeni sh gray (5G 5/1) redoxinorphic depletions; few fine and nmedi um roots;
strong effervescence; noderately al kaline.

TYPE LOCATI ON: Marshall County, South Dakota; about 9 mles north and 4 niles
west of Britton; 1190 feet west and 290 feet north of the southeast corner of
sec. 6, T. 128 N, R 58 W

RANGE | N CHARACTERI STICS: The thickness of the nollic epipedon ranges from 10
to 20 inches; horizons with values less than 5.5 dry and 3.5 npoist extend to
depths greater than 20 inches are in sone pedons, but contain less than 0.6
percent organic carbon. The control section is loany fine sand, |oany sand,
fine sand or sand. Textures of |oamy coarse sand and coarse sand with | ess than
30 percent coarse and very coarse sand are allowed. Depth to carbonates
typically is bel ow depths of 30 inches, but ranges from 22 to 80 inches or nore.
Buri ed horizons are bel ow depths of 30 inches in npbst pedons. Sonme pedons do
not have Ab hori zons.

The A horizon has hue of 10YR or 2.5Y, value of 2 or 3 and 3 to 5 dry, and

chroma of 1 or 2. It is loamy fine sand, |oany sand, sandy |oam or fine sandy
| oam Textures of |oanmy coarse sand and coarse sandy |loamwith |ess than 30
percent coarse and very coarse sand are allowed. It is slightly acid to

slightly al kaline. Typically, distinct or prom nent redoxi norphic
concentrations are in the | ower part of the A horizon, but are throughout the
entire A horizon in sonme pedons.

The AC horizon has hue of 10YR or 2.5Y, value of 2 or 3 and 3 to 5 dry, and

chroma of 1 or 2. It is loany fine sand, |oany sand, fine sand, and fine sandy
| oam Textures of |oany coarse sand and coarse sand with | ess than 30 percent
coarse and very coarse sand are allowed. It ranges fromneutral to noderately
al kal i ne.

Some pedons have a Bk horizon at depths bel ow 25 inches.

The C horizon has hue of 2.5Y, 10YR or 5Y, value of 3 to 6 and 5 to 7 dry, and

chroma of 1 to 4. It is loany fine sand, |oany sand, or fine sand. Textures of
| oanmy coarse sand and coarse sand with |l ess than 30 percent coarse and very
coarse sand are allowed. It is slightly alkaline or noderately al kaline. Clay

| oam loam or silty clay loamis between depths of 40 and 60 inches in sonme
pedons.

COWVPETI NG SERI ES: These are the Garborg, Hangaard, Isan, Isanti, Medano and
Venl o series. Garborg soils are sonmewhat poorly drained and do not have a water
table within 1.5 feet of the soils surface during the period of March through

July. Hangaard soils contain nore than 10 percent rock fragments. |Isan, |sant
and Venlo soils are nore moist in the soil moisture control section during the
120 days followi ng the summer solstice. 1In addition, Isanti soils are nore

aci d. Medano soils have carbonates at or near the surface.

GEOGRAPHI C SETTI NG The Hamar soils are on plane or concave sl opes in swal es
and depressions. They are on sandy |acustrine and gl acial outwash plains and
till plains mantled by eolian sand. Slope gradients are |less than 3 percent.
Mean annual air tenperature ranges from 36 to 48 degrees F, and nean annua
precipitation ranges from 16 to 24 inches. Growi ng season is about 120 to 130
days; average growi ng season precipitation ranges from 14 to 18 inches; and
growi ng degree days are about 2500 to 3000. Frost-free period ranges from 90
to 140 days. Elevation above sea |evel ranges from 650 to 2350 feet.

Devils Lake Salinity Study: Appendix B2 Page 101
Sheyenne Valley



GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the conpeting Garborg and Venlo
soils and the Fossum Hecla, Kratka, Maddock and U en soils. Garborg soils are
on higher positions of the | andscape. Venlo soils are on |lower parts of the

| andform  Fossum and Ul en soils have carbonate at or near the surface. Kratka
soils are nedium or nmoderately fine textured between depths of 20 and 40 inches.
Fossum Kratka and U en soils are on simlar |landforns. Hecla soils are drier
in the soil moisture control section, do not have distinct or prom nent

redoxi norphic features in or immediately below the nollic epipedon, and are on
slightly higher landforms. The well drained Maddock soils do not have
redoxi mor phi ¢ features above depths of 40 inches and are on higher parts of the
andform Venlo soils are on |lower parts of the |andform

DRAI NAGE AND PERMEABI LI TY: Poorly drained. Surface runoff is negligible to
low. Pernmeability is rapid or noderately rapid. A seasonal water table is at
depths between 0 and 1.5 feet at sonme time during the period of March through
July.

USE AND VEGETATION: MWhere artificially drained and cultivated, the principa
crops are alfalfa, small grain, corn and tame pasture. Native range species are
bi g bluestem indiangrass, switchgrass, little bluestem sedges and forbs.

DI STRI BUTI ON AND EXTENT: Nort heastern South Dakota, eastern North Dakota, and
western M nnesota. The soil is of |arge extent.

M_LRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota

SERI ES ESTABLI SHED: Spi nk County, South Dakota, 1955.

REMARKS: Di agnostic horizons and features recognized in this pedon are: mollic
epi pedon - the zone fromthe surface of the soil to a depth of about 17 inches
(A, A2, and AC horizons); aquic suborder criteria - chroma of 1 in the |ower

part of the mollic epi pedon and distinct redoxi norphic concentrations (AC
hori zon).

Soils previously correlated as a sonewhat poorly drai ned phase are now incl uded
with the Garborg series.

ADDI TI ONAL DATA: See | aboratory data 74L1035-74L1042.

Nat i onal Cooperative Soil Survey
U. S. A
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LOCATI ON HAMERLY ND+MN SD

Est abl i shed Series
Rev. CJH
06/ 1999

HAMERLY SERIES

The Hamerly series consists of very deep, sonewhat poorly drained soils that
formed in calcareous loany till. Pernmeability is noderate in the upper horizons
and noderate or noderately slow in the | ower horizons. These soils are on flats
on | ake plains and on convex sl opes surroundi ng shall ow depressions and on
slight rises on till plains. They have slopes ranging fromO to 3 percent.

Mean annual air tenperature is 42 degrees F, and mean annual precipitation is 19
i nches.

TAXONOM C CLASS: Fine-loamy, mxed, superactive, frigid Aeric Calciaquolls

TYPI CAL PEDON: Hanerly |oam - cultivated. (Colors are for noist soil unless
ot herwi se stated)

Ap--0 to 8 inches; very dark gray (10YR 3/1) loam gray (10YR 5/1) dry; weak
medi um subangul ar bl ocky structure parting to nmoderate medi um granul ar; friable;
slightly sticky; strong effervescence; abrupt snooth boundary. (Conbined A
hori zons 5 to 18 inches thick)

Bk1--8 to 18 inches; light brownish gray (2.5Y 6/2) |oam weak nedi um and
fi ne subangul ar bl ocky structure; friable; violent effervescence; gradual wavy
boundary.

Bk2--18 to 25 inches; |ight brownish gray (2.5Y 6/2) and |light olive brown
(2.5Y 5/4) | oam weak nedi um subangul ar bl ocky structure; friable; few masses of
carbonates; violent effervescence; gradual wavy boundary. (Combi ned Bk horizons
10 to 40 inches thick)

C--25 to 60 inches; light olive brown (2.5Y 5/4) and olive brown (2.5Y 4/4)
| oam commn nedi um di stinct gray (2.5Y 5/1) redoxi norphic depletions and
yel | owi sh brown (10YR 5/6) redoxi norphic concentrations; weak nedi um bl ocky
structure; firm strong effervescence

TYPE LOCATI ON: Sargent County, North Dakota; about 1/2 mle south of Gwi nner;
2,090 feet south and 95 feet west of the northeast corner, Sec. 26, T. 132 N.,
R. 56 W

RANGE | N CHARACTERI STICS: The mollic epi pedon ranges from7 to 18 inches in

thi ckness. The top of the calcic horizon is at depths of I ess than 16 inches,
and in sonme pedons the |ower part of the mollic epipedon qualifies as part of
the calcic horizon. The soil contains 1 to 10 percent by vol une of rock
fragments. The 10- to 40-inch particle-size control section has visible gypsum
in some pedons. It has 18 to 35 percent noncarbonate clay. Saline and stony
phases are recogni zed

The A horizon has hue of 10YR or 2.5Y, value of 2 or 3 and 3 to 5 dry, and

chroma of 1 or 2. It comonly is loambut in sone pedons it is silt |oam clay
loam silty clay loamor sandy clay loam It is neutral to noderately alkaline.
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VWhere the soil is in native grassland, the A horizon in sone pedons does not
have carbonates. Some pedons have an ABk horizon

The Bk horizon has hue of 10YR, 2.5Y, or 5Y, value of 3 to 7 and 4 to 8 dry, and
chroma of 1 to 4. It is loamor clay loam It is slightly alkaline or
noderately al kaline. Mdttling in the Bk horizon ranges from none to common.
Some pedons have Bky, Bkyz, By or BCk horizons.

The C horizon has hue of 10YR, 2.5Y, or 5Y, value of 4 to 6 and 5 to 8 dry, and
chroma of 1 to 4. It is loamor clay loam It is slightly alkaline or
noder at el y al kal i ne

COVPETI NG SERI ES: These are the Antler, G lby, Mritz and Tetonvi ew seri es.

Antl er soils have |l ess than 15 percent fine sand and coarser in the upper
horizons. Gl by soils have |l ess than 18 percent clay in the upper horizons.
Moritz soils do not have rock fragnments in the particle-size control section and
formed in alluvium Tetonview soils have O horizons and occur at el evations
above 3800 feet.

GEOGRAPHI C SETTING. Hanerly soils are on |level and nearly level till plains.
They are also on flats and slight rises on till plains and |ake plains, and on
slightly convex sl opes surrounding shall ow depressions on till plains. Slopes
are short and commonly having gradients of |less than 3 percent but range fromO
to 3 percent. The soil is forned in calcareous loany till. Mean annual air
tenperature ranges from 36 to 45 degrees F, and nmean annual precipitation ranges
from 12 to 24 inches. Frost-free period ranges from90 to 140 days. Elevation
above sea level ranges from 650 to 2700 feet.

GEOGRAPHI CALLY ASSOCI ATED SO LS: The Hanerly soils are nost commonly in a

t oposequence wi th Barnes, Buse, Svea, Parnell, Vallers and Tonka soils. They
are in intermedi ate positions between the better drained Barnes, Buse and Svea
soils and the wetter Parnell, Vallers and Tonka soils. Parnell and Tonka soils

are in depressions and Vallers soils are on lower lying flats.

DRAI NAGE AND PERMEABI LI TY: Somewhat poorly drained. Runoff is negligible to
medi um dependi ng on slope and surface texture. Mderate perneability in the
upper horizons and noderate or noderately slow in the | ower horizons. Apparent
seasonal high water table is at a depth of 1.5 to 3.5 feet at sone time during
the period April through June.

USE AND VEGETATION: Cultivated areas are used for growing small grains, flax,
hay and pasture. Native vegetation is green needlegrass, little bluestem big
bl uestem and west ern wheat grass.

DI STRI BUTI ON AND EXTENT: Central and eastern North Dakota, northeastern South
Dakota and nort hwestern M nnesota. The soils are extensive.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota
SERI ES ESTABLI SHED: Clay County, South Dakota, 1953.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nmollic
epi pedon - the zone fromthe surface of the soil to a depth of 8 inches (Ap
horizon); calcic horizon -the zone from8 to 25 inches (Bkl and Bk2 horizons);
characteristics associated with wetness - calcic horizon within 16 inches.
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Where correlated as noderately well drained phase or with slopes of nmore than 3
percent should be recorrelated to the Bal aton series (Aquic Calciudolls).

ADDI Tl ONAL DATA: Laboratory data nunbered S53NDak-32-1, S53NDak-32-2, S50NDak-
38-4, and S50NDak-38-7 in Soil Survey Investigations Report No. 2, pp. 128-135.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON HARRI ET ND+SD

Est abl i shed Seri es
CIH
05/ 2001

HARRIET SERIES

The Harriet series consists of very deep, poorly drained, slowy and very slowy
perneabl e soils that formed in calcareous alluvium These soils are on | ow
lying flats, terraces, drainageways and bottom | ands. Slope ranges fromO to 3
percent. Mean annual air tenperature is about 42 degrees F, and nmean annual
precipitation is about 16 inches.

TAXONOM C CLASS: Fine, snectitic, frigid Typic Natraquolls

TYPI CAL PEDON: Harriet loam- on a slope of less than 1 percent in native
grassl and. \When described the soil was moist throughout. (Colors are for noist
soil unless otherw se stated)

E--0 to 2 inches; very dark gray (N 3/0) loam gray (N 5/0) and gray (N 6/0)
dry; weak thick and nedium platy structure; friable; many fine roots; conmon
fine pores; few salt crystals visible when soil is dry; noderately al kaline
abrupt wavy boundary. (0 to 5 inches thick)

Btn--2 to 6 inches; black (N 2/0) clay loam dark gray (N 4/0) dry; noderate
medi um col umar structure; extrenely hard, firm coatings of very dark gray (N
3/0) on faces of peds; gray (N 5/0) dry on tops and sides of colums; slight
ef fervescence on inside of colums; strongly al kaline; clear wavy boundary.

Btnz--6 to 18 inches; very dark grayish brown (2.5Y 3/2) clay | oam grayish
brown (2.5Y 5/2) dry; noderate coarse prismatic and weak nedi um subangul ar
bl ocky structure; very hard, firm few roots; common medi um pores; comon fine
white salt crystals; strong effervescence; strongly al kaline; gradual wavy
boundary. (Combined Btn horizons 3 to 22 inches thick)

Bz1--18 to 28 inches; dark grayish brown (2.5Y 4/2) |oam grayish brown
(2.5Y 5/2) and light brownish gray (2.5Y 6/2) dry; weak coarse prismatic
structure; very hard, firm few fine roots; few medium and fine pores; fine salt
crystals visible when dry; violent effervescence; strongly al kaline; abrupt
smoot h boundary. (0 to 20 inches thick)

2Bz2--28 to 38 inches; light olive brown (2.5Y 5/3) very fine sandy | oam
light yellowi sh brown (2.5Y 6/3) dry; weak coarse prismatic and weak coarse and
medi um subangul ar bl ocky structure; very hard, friable; few fine pores; comopn
very fine salt crystals that are visible when dry; strong effervescence;
strongly al kaline; abrupt snooth boundary. (0 to 26 inches thick)

3Ab--38 to 40 inches; very dark gray (N 3/0) clay | oam dark gray (N 4/0)
dry; few mediumdistinct olive brown (2.5Y 4/3) redoxinorphic concentrations;
weak coarse prismatic structure; very hard, firm few fine roots; strong
ef fervescence; strongly al kaline; abrupt boundary. (0 to 10 inches thick)
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3C--40 to 60 inches; olive brown (2.5Y 4/3) stratified | oam and clay | oam
light yellowi sh brown (2.5Y 6/3) dry; weak coarse and nedi um subangul ar bl ocky
structure; very hard, friable; strong effervescence; strongly alkaline.

TYPE LOCATION: Burleigh County, North Dakota; 20 feet north of road right-of-
way and 40 feet west of entrance to Cypert Park; 1650 feet east and 40 feet
north of the southwest corner, sec. 34, T. 139 N, R 79 W

RANGE | N CHARACTERI STICS: Typically, the soil has carbonates and visible salt
or gypsumcrystals at depths of 4 to 11 inches but they are throughout the soil
in some pedons. Some pedons have a dark A horizon 1 to 2 inches thick.

The E horizon has hue of 10YR, 2.5Y or is neutral, value of 2 to 5 npoist and 4

to 7 dry, and chroma of 1 or less. It is loam silt loam or very fine sandy
loam It is neutral to noderately alkaline. It is absent in sone cultivated
pedons.

The Btn horizon has hue of 10YR, 2.5Y, 5Y or is neutral, value of 2 to 4 noi st

and 3 to 5 dry, and chroma of 2 or less. It is dominantly clay loamor silty
clay | oam but the range includes silty clay and clay. It averages between 35
and 50 percent clay. It is slightly alkaline to very strongly al kaline. Some

pedons have BC, Bkg, Bky, or Bkz horizons. The B horizon has redoxi norphic
features in some pedons.

The C horizon has hue of 10YR, 2.5Y, 5Y or 5GY, value of 3 to 5 noist and 4 to 7
dry, and chroma of 1 to 3. Some pedons have a chroma of 4 below a depth of 40

i nches. The C horizon typically is stratified and has textures ranging from
very fine sandy loamto clay. It is noderately alkaline to very strongly

al kaline. Strata of coarser materials are below a depth of 30 inches in sone
pedons. Sone pedons have faint to prom nent redoxinorphic features in the C
hori zon. Sonme pedons have salts and gypsumin the C horizon

COWVPETI NG SERI ES: These are the Heil, Ranslo and Ryan series. Heil soils do
not have salts or carbonates within depths of 12 inches and they are absent in
the A, E and upper Btn horizons. Ranslo soils have conbined A and E horizons of
nmore than 5 inches thick. Ryan soils average 50 to 60 percent clay in the Btn
hori zon.

GEOGRAPHI C SETTING. Harriet soils are on |evel and nearly level, low |lying
flats, and | ow terraces and bottom | ands along streans. Slopes are 0 to 3
percent. The soils fornmed in cal careous alluvium The mean annual air
tenperature is 34 to 45 degrees F, and the nean annual precipitation is 12 to 20
i nches. Most of the precipitation is in the spring and sumrer.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Farl and, Havrel on, Korchea,
Lamoure, La Prairie, Lehr, Magnus, Ranslo, Savage, Shanbo, Straw and Vel va
soils. None of these soils, except Ranslo, have natric horizons and all, except
Lamoure and Ranslo soils, are better drained. Farland, Lehr, Savage and Shambo
soils are adjacent to Harriet soils on | ow terraces. Havrelon, Korchea,
Lamoure, La Prairie, Magnus, Ranslo, Straw and Velva soils are adjacent to
Harriet soils on flood plains and bottom | ands.

DRAI NAGE AND PERMEABI LI TY: Poorly drained. Runoff is negligible to nedium
dependi ng on sl ope and surface texture. Perneability is slow or very sl ow.
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USE AND VEGETATION: Alnost all areas of Harriet soils are used for native
rangel and or hayland. Native vegetation consists mainly of western wheatgrass,
nuttall al kaligrass and inland saltgrass.

DI STRI BUTI ON AND EXTENT: Harriet soils occur in western and central North
Dakota and northern South Dakota. They are of |arge extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota
SERI ES ESTABLI SHED: Hand County, South Dakota, 1959.

REMARKS: Di agnostic horizons and features recognized in this pedon are: mollic
epi pedon - the zone fromthe surface of the soil to a depth of 18 inches (E,
Btnl, and Btn2 horizons); natric horizon - the zone from2 to 18 inches (Btn and
Bt nz horizons).

Pl acement of the Harriet soils with the Aquolls seens nost appropriate although
they do not always neet the norphol ogical requirenents of the Aquolls (i.e.,
redoxi mor phic features and/or | ow chromg).

Nat i onal Cooperative Soil Survey
U S A
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LOCATI ON HECLA SD+MN ND

Est abl i shed Seri es
LDS- BOK- CJH
03/ 2000

HECLA SERIES

The Hecla series consists of very deep, noderately well drained soils fornmed in
sandy sedi nents on | ake plains and gl acial outwash plains. Perneability is
noderately rapid or rapid. Slopes range fromO to 6 percent. Mean annua
precipitation is about 19 inches, and nean annual air tenperature is about 43
degrees F.

TAXONOM C CLASS: Sandy, m xed, frigid Oxyaqui c Hapl udolls

TYPI CAL PEDON: Hecla loany fine sand - on a plane slope of 2 percent in native
grass. When described the soil was dry to 30 inches and nmoist below. (Colors
are for dry soil unless otherw se stated.)

Al--0 to 6 inches; dark gray (10YR 4/1) loany fine sand, black (10YR 2/1)
nmoi st; weak fine granular structure; soft, very friable; many fine and medi um
roots; neutral; clear smpoth boundary.

A2--6 to 20 inches; dark gray (10YR 4/1) fine sand, very dark gray (10YR 3/1)
noi st; single grain; |loose; comon fine and mediumroots; neutral; clear wavy
boundary. (Combi ned thickness of the A horizons is 16 to 30 inches.)

AC--20 to 30 inches; dark gray (10YR 4/1) fine sand, very dark gray (10YR
3/1) noist; weak nedi um subangul ar bl ocky structure; |oose, very friable; few
fine and medi um roots; neutral; gradual wavy boundary. (0 to 15 inches thick)

Cl--30 to 46 inches; grayish brown (10YR 5/2) fine sand, dark grayish brown
(10YR 4/2) moist; few fine distinct dark yell owi sh brown (10YR 4/4) noi st
redoxi norphi c concentrations; single grain; |oose; few very fine bands of very
dark grayish brown (10YR 3/2) moist; few fine and nmediumroots; slightly
al kal i ne; gradual wavy boundary. (8 to 20 inches thick)

C2--46 to 54 inches; grayish brown (2.5Y 5/2) fine sand, dark grayish brown
(2.5Y 4/2) noist; conmon fine distinct yellowi sh brown (10YR 5/6) and dark
yel l owi sh brown (10YR 4/4) nmpoist redoxi norphic concentrations; single grain; few
fine and nmediumroots; slightly alkaline; clear wavy boundary. (6 to 12 inches
t hi ck)

2Ab--54 to 62 inches; very dark gray (10YR 3/1) fine sandy |loam black (10YR
2/ 1) noist, conmon fine prom nent dark yellowi sh brown (10YR 4/4) noi st
redoxi norphi ¢ concentrations; massive; soft, very friable; few fine and nedi um
roots; slightly alkaline; clear wavy boundary. (0 to 10 inches thick)

2C--62 to 72 inches; light brownish gray (2.5Y 6/2) |loany fine sand, grayish
brown (2.5Y 5/2) mpist; conmon fine prom nent yellow sh brown (10YR 5/6) and
dark yell owi sh brown (10YR 4/4) npist redoxinorphic concentrations; single
grain; |oose; few nmediumroots; slightly alkaline
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TYPE LOCATI ON: Brown County, South Dakota; about 8 nmiles south and 2 niles east
of Hecla; 510 feet west and 130 feet north of the southeast corner of sec. 36,
T. 127 N., R 61 W

RANGE I N CHARACTERI STICS: The nollic epipedon is 10 to 20 inches thick. Mdllic
colors extend to depths of nore than 18 inches, however horizons with nollic

col ors bel ow depths of 20 inches and extending to depths of 40 inches contain

|l ess than .6 percent organic carbon. Typically, a few faint or distinct

redoxi morphic features are bel ow the |ower part of the A horizon or the AC

hori zon and distinct or prom nent redoxi mnorphic features are in the |ower part
of the C horizon. Buried horizons are bel ow depths of 30 inches in npost pedons.
Depth to carbonates ranges from 20 to 80 inches or nore. The particle-size
control section averages nore than 45 percent fine sand and very fine sand, |ess
than 35 percent nmedium and coarser sand, and |less than 15 percent coarse and
very coarse sand

The A horizon has value of 3 or 4 and 2 or 3 moist, and chroma of 1 or 2. It is
| oany fine sand, |oany sand, sandy |oam or fine sandy loamin the upper part
and | oany fine sand, |oany sand, or fine sand in the lower part. It is slightly

acid to slightly al kaline.

The AC horizon has value of 3 to 5 and 2 or 3 noist, and chroma of 1 or 2. It
is loanmy fine sand, fine sand, or |loany sand. It ranges fromslightly acid to
slightly al kaline. Some pedons have a Bw horizon.

The C horizon has hue of 10YR, 2.5Y, or 5Y; value of 4 to 7 and 3 to 5 nvoi st;

and chroma of 2 to 4. The C horizon is loany fine sand, |oanmy sand, or fine
sand. It ranges fromslightly acid to noderately al kaline. Clay | oam or | oam
till is between depths of 40 and 60 inches in some pedons. Very fine sandy | oam
and silt loammaterial is between depths of 40 and 60 inches in some pedons.

COVPETI NG SERI ES: These are the Duelm Fal sen, Flam ng, Osakis, Radium Walum
and Weeding series in the same famly. Duelm soils have | ess than 40 percent
fine and very fine sand. Falsen soils have a particle-size control section that
averages |less than 45 percent fine sand and very fine sand, nore than 35 percent
medi um and coarser sand, and nore than 15 percent coarse and very coarse sand.

Fl am ng soils have mollic colors |less than 18 inches thick. Osakis soils have a
| oamy mantle over a 2C horizon of sand and/or gravel. Radium soils have nore
than 10 percent rock fragnments. Walum soils contain nore than 50 percent sand
size shale fragnents. Weding soils occur at elevations of over 4,200 feet,
contain carbonates at or near the surface and are in a drier climte.

GEOGRAPHI C SETTING: Hecla soils are on plane and convex surfaces of sandy

| acustrine and gl aci al outwash plains and nearby sand-mantled till plains.

Sl ope gradients typically are |l ess than 3 percent and range fromO to 6 percent.
Hecla soils formed in reworked sands. Mean annual tenperature ranges from34 to
48 degrees F, and nean annual precipitation from 14 to 24 inches. G owi ng
season is about 110 to 140 days; average grow ng season precipitation ranges
from 13 to 18 inches; and grow ng degree days are about 2500 to 3000.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Fossum Hamar, U en, Venlo and
Maddock soils. Fossum Hamar and Venlo soils have an aquic soil npisture
regime. U en soils have a calcic horizon within depths of 16 inches. Fossum
Hamar, U en and Venlo soils are in the |lower wetter positions. Mddock soils do
not have redoxi norphic features within depths of 40 inches and typically are on
slightly steeper slopes at higher elevations.
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DRAI NAGE AND PERMEABI LI TY: Moderately well drained. Surface runoff is very
low. Permeability is noderately rapid or rapid. A seasonal water table is at
depths of 2.5 to 5 feet.

USE AND VEGETATI ON: Mbst areas cropped to corn, alfalfa, and small grains.
Some areas are in tanme pasture. Native grasses are big bluestem prairie
sandreed, little bluestem needl eandthread, switchgrass, forbs, and sedges.

DI STRI BUTI ON AND EXTENT: Nort heast ern Sout h Dakota, eastern North Dakota, and
western M nnesota. The soil is extensive.

M_LRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota

SERI ES ESTABLI SHED: Brown and Marshall Counties (Brown-Marshall S and WCD)
Sout h Dakota, 1940.

REMARKS: Di agnostic horizons and feature recognized in this pedon are: nollic
epi pedon - the zone fromthe surface of the soil to a depth of about 20 inches
(Al and A2 horizons). The AC horizon has the color, but not the organic carbon
content to be nollic.

The zone i mmedi ately below the nollic epi pedon (AC horizon) neets the col or
requi rement for the aquic subgroup, but does not have aquic conditions.

The pedon neets the color requirenent for the aquic subgroup in the horizon

i medi ately below the nollic epipedon (AC horizon), however the soil does not
have aquic conditions imediately below the nollic epipedon and does not neet
the subgroup criteria. Saturation does not occur shallower than 2.5 feet.

ADDI TI ONAL DATA: Laboratory data for the typical pedon of Hecla |oanmy fine sand
is No. 74L1051-74L1059.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON HEGNE MN+MIT ND SD

Est abl i shed Seri es
Rev. HRF- RBH- CJH
2/ 99

HEGNE SERIES

The Hegne series consists of very deep, poorly drained soils that fornmed in

cl ayey cal careous | acustrine sedinents on glacial |ake plains. These soils have
sl ow or very slow perneability. They have slopes of 0 to 2 percent. Mean
annual precipitation is about 20 inches. Mean annual air tenperature is about
42 degrees F.

TAXONOM C CLASS: Fine, snectitic, frigid Typic Cal ciaquerts

TYPI CAL PEDON: Hegne silty clay, froma Hegne-Fargo conplex, on a slightly
convex slope of about 0.5 percent on a glacial lake plain in a cultivated field.
(Colors are for moist soil unless otherw se stated)

Ap -- 0 to 10 inches; black (5Y 2.5/1) silty clay, very dark gray (5Y 3/1)
dry; strong fine and medi um subangul ar bl ocky structure; firm common fine
di stinct olive gray (5Y 4/2) redoxinorphic depletions; firm few fine and medi um
roots; many fine rounded light gray (10YR 7/2) masses of carbonate; slightly
ef fervescent; slightly alkaline (pH 7.6); clear wavy boundary. (7 to 16 inches
t hi ck)

Bkssgl -- 10 to 18 inches; about 60 percent olive gray (5Y 4/2), and 40
percent dark gray (5Y 4/1) silty clay; light gray (5Y 6/1) and gray (5Y 5/1)
dry; noderate nedi um subangul ar bl ocky structure; firm few fine roots; few
di stinct intersecting slickensides tilted | ess than 45 degress from hori zont al
cracks filled with A material 1/4 to 3 inches wide and 2 to 4 feet apart; many
fine masses of carbonate; violently effervescent; noderately al kaline (pH 8.4);
cl ear wavy boundary.

Bkssg2 -- 18 to 34 inches; olive gray (5Y 5/2) silty clay; light olive gray
(5Y 6/2) dry; noderate fine and medi um subangul ar bl ocky structure; firnm comon
fine faint dark gray (5Y 4/1) redoxinorphic depletions; few very fine roots; few
di stinct intersecting slickensides tilted | ess than 60 degress from hori zontal
cracks filled with A material 1/4 to 2 inches wide and 2 to 4 feet apart; many
fine masses of carbonate; violently effervescent; noderately al kaline (pH 8.3);
cl ear wavy boundary. (Combi ned Bkg horizons 10 to 30 inches thick)

Bg -- 34 to 50 inches; olive gray (5Y 4/2) silty clay; weak fine and nedi um
subangul ar bl ocky structure; friable; comopn mediumdistinct [ight olive brown
(2.5Y 5/4) redoxi norphic concentrations; few fine masses of carbonate; violently
ef fervescent; noderately alkaline (pH 8.2); clear wavy boundary. (0 to 20
i nches thick)

Cgl --50 to 68 inches; olive gray (5Y 5/2) silty clay; weak fine and medium
subangul ar bl ocky soil fragnments parting to weak fine platy; firm commn nedium
di stinct gray (5Y 5/1) redoxinorphic depletions and nmedi um prom nent strong
brown (7.5YR 4/6) and common fine reddish yellow (7.5YR 6/6) redoxinorphic
concentrations; few nedium carbonate coats on faces of peds; strongly
ef fervescent; noderately alkaline (pH 8.2); clear wavy boundary.
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Cg2 -- 68 to 80 inches; olive (5Y 5/3) lamnated silty clay; |am nates part
to weak fine platy fragnents which part to weak fine subangul ar bl ocky
fragnents; firm common medi um di stinct gray (5Y 5/1) redoxinorphic depletions
and commn nmedi um prom nent strong brown (7.5YR 5/6) and (7.5YR 5/8)
redoxi norphi c concentrations; few mediumirregular |ight gray (2.5Y 72)
carbonate coats on faces of peds; strongly effervescent; noderately al kaline (pH
8.2).

TYPE LOCATI ON: Marshall County, M nnesota; about 5 niles west and 2 mles north
of Stephen; 600 feet south and 2100 feet east of the northwest corner of Sec.

22, T. 157 N, R 49 W ; USGS STEPHEN quadrangl e; Latitude 48 degrees 24 m nutes
25 seconds N. and Longitude 96 degrees 59 m nutes 22 seconds W

RANGE | N CHARACTERI STICS: The thickness of the nollic epipedon ranges from?7 to
16 inches. These soils have free carbonates in all parts with calcium carbonate
equi val ent of 10 to 30 percent throughout. The higher values are in the calcic
hori zon. The depth to the calcic horizon is less than 16 inches. Typically
nost pedons do not have rock fragments. The particle-size control section
ranges from 40 to 60 percent noncarbonate clay, with an average of 50 percent
and |l ess than 5 percent sand. The average linear extensibility is estimted to
be about 10.7 centineters in the upper 40 inches.

The A horizon has hue of 10YR, 2.5Y, 5Y or is neutral, value of 2 or 3, and
chroma of 0 or 1. Texture is silty clay, clay or silty clay | oam

Ef fervescence is slight to violent. Reaction is slightly alkaline or noderately
al kaline. Tongues of A horizon extend to depths as much as 36 inches in sone
pedons.

The Bkssg horizon has hue of 2.5Y, 5Y or 10YR, value of 3 to 6, and chroma of 1
or 2. Chroma of 2 is allowed if there are distinct or prom nent redoxi norphic
concentrations. Texture is clay or silty clay. Effervescence is strong or
violent. Reaction is slightly alkaline or noderately al kaline

The Bg horizon has hue of 2.5Y or 5Y, value of 3 to 6, and chroma of 1 or 2.
Chroma of 2 is allowed if there are distinct or prom nent redoxinorphic
concentrations. Texture is clay or silty clay. Effervescence is slight to
violent. Reaction is slightly or noderately al kaline

The C horizon has hue of 2.5Y or 5Y, value of 4 to 6, and chroma of 1 to 3.

Di stinct or prom nent high chroma redoxi norphic concentrations are present in
nost pedons. Texture is clay or silty clay. Silty clay loamtextures with nore
than 35 percent noncarbonate clay are allowed. Effervescence is slight to
strong. Reaction is slightly alkaline or noderately al kaline. Masses of gypsum
crystals are in the B and C horizon in some pedons.

COWPETI NG SERI ES: These are in the Reis series. Reis soils have more than 5
percent sand in the particle-size control section and forned in clayey gl aci al
till.

GEOGRAPHI C SETTI NG: The Hegne soils have slightly convex to slightly concave

sl opes of less than 2 percent on glacial |ake plains and in a few places these
soils are on flood plains. These soils commonly are on the higher |ying
positions of microrelief topography. They formed in clayey |acustrine sedinents
of Late W sconsinan age. Mean annual air tenperature ranges from 38 to 45
degrees F. Mean annual precipitation ranges from 15 to 27 inches. Frost-free

Devils Lake Salinity Study: Appendix B2 Page 113
Sheyenne Valley



days range from 90 to 140. Elevation above sea | evel ranges from 650 to 1800
feet.

GEOGRAPHI CALLY ASSCOCI ATED SO LS: These are the poorly drained Fargo soils which
formed in simlar sedinents on glacial |ake plains soils. The Hegne soils are
found in a conplex with these associated soils on slightly higher positions.
Fargo soils do not contain a calcic horizon within 16 inches of the surface.

DRAI NAGE AND PERMEABI LI TY: Poorly drained. Runoff is |low or medi um
Pernmeability is slow or very slow. Depth to an apparent seasonal high water
tabl e when undrained is as high as 0.5 to 1.5 feet at sonme time from April to
June in nost years.

USE AND VEGETATION: Nearly all of these soils are cultivated. Principal crops
are small grains and sugar beets. Native vegetation is tall grass prairie.

DI STRI BUTI ON AND EXTENT: Principally in the Red River Valley of northwestern
M nnesota and eastern North Dakota, also in smaller glacial |ake basins in
western M nnesota and north-central North Dakota. These soils are extensive.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a
SERI ES ESTABLI SHED: Sargent County, North Dakota, 1961.

REMARKS: The classification of these soils is in question as to whether they
should be in the Typic or Aeric subgroup of Calciaquerts. This needs further

i nvestigation. This series was previously classified in the Typic Calciaquolls
subgroup

Di agnostic horizons and features recognized in this pedon are: nollic epipedon
- the zone fromthe surface to 18 inches (Ap and A portion of A/ Bkg horizons);
calcic horizon - the zone from 10 to 34 inches (B portion of A/ Bkg and Bkg
horizons); vertic criteria - slickensides and cracks filled with A material in
the zone from 10 to 34 inches (Bkssgl and Bkssg2 horizons); aquic noisture

regi me.

ADDI TI ONAL DATA: Soil Interpretation Record number is MNO053.

Nat i onal Cooperative Soil Survey
U S A
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LOCATI ON HEI MDAL ND+MN SD

Est abl i shed Series
Rev. CJH
10/ 98

HEIMDAL SERIES

The Hei ndal series consists of very deep, well drained, noderately perneable
soils that formed in calcareous glacial till. These soils are on glacial til
pl ai ns and norai nes. Slope ranges fromO0 to 40 percent. Mean annual air
tenperature is 40 degrees F, and nmean annual precipitation is 17 inches.

TAXONOM C CLASS: Coarse-|oany, m xed, superactive, frigid Calcic Hapludolls

TYPI CAL PEDON: Heindal |oam - cropland. (Colors for dry soil unless otherw se
st at ed)

Ap--0 to 5 inches; dark gray (10YR 4/1) loam black (10YR 2/1) nvoist; weak
medi um subangul ar bl ocky structure parting to weak fine granular; very friable;
many pores; neutral; abrupt boundary. (5 to 10 inches thick)

Bwl--5 to 14 inches; grayish brown (10YR 5/2) |oam very dark grayish (10YR
3/2) noist; noderate coarse and medium prismatic structure parting to weak
coarse subangul ar bl ocky; very friable; many fine pores; neutral; gradua
boundary.

Bw2--14 to 19 inches; pale brown (10YR 6/3) |oam brown (10YR 4/3) nvist;
noder ate coarse and medi um prismatic structure parting to weak coarse subangul ar
bl ocky; very friable; many fine pores; slightly alkaline; clear wavy boundary.
(Conbi ned Bw horizons 6 to 16 inches thick)

Bk--19 to 34 inches; light yellow sh brown (2.5Y 6/3) loam 1light olive brown
(2.5Y 5/4) noist; weak coarse prismatic structure parting to weak medi um and
fine subangul ar bl ocky; very friable; common threads and nodul es of carbonates;
viol ent effervescence; noderately al kaline; gradual boundary. (6 to 25 inches
t hi ck)

C--34 to 60 inches; pale yellow (2.5Y 7/3) loam 1light olive brown (2.5Y 5/4)
nmoi st; few coarse distinct gray (5Y 6/1) redox depletions and a few fine
prom nent dark yellow sh brown (10YR 4/4) redox concentrations; weak subangul ar
bl ocky and platy structure; few white carbonate nodul es; violent effervescence
nmoder at el y al kal i ne.

TYPE LOCATION: Wells County, North Dakota; 1,340 feet west and 150 feet south
of northeast corner, Sec. 14, T. 148 N, R 70 W

RANGE | N CHARACTERI STICS: The depth to carbonates ranges from 12 to 26 inches.
The mol lic epipedon ranges from7 to 16 inches in thickness. The control section
commonly is |l oam averaging | ess than 18 percent clay. |In some pedons it is
sandy | oam that has |ess than 55 percent total sand. Pebbles and stones are
common t hroughout the pedon. The soil contains up to 10 percent rock fragnents
t hroughout. Stony phases are recognized.
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The Ap horizon has 10YR hue, value of 3 or 4, 2 or 3 noist, and chroma of 1. It
typically is a loam but silt [oam very fine sandy | oam fine sandy |oam and
sandy |loam are within the range. It is slightly acid or neutral

The Bw horizon has hue of 10YR or 2.5Y, value of 4 to 6, 2 to 5 mpist, and
chroma of 2 to 4. It is loam sandy loam fine sandy | oamor very fine sandy
loam It is slightly acid to slightly al kaline

The Bk horizon has hue of 10YR, 2.5Y, value of 5to 7, 4 to 6 noist, and chrom
of 2to 4. It is loam fine sandy | oam sandy loamor silt loam It is
slightly al kaline or noderately alkaline. It comonly has nmore than 15 percent
cal ci um carbonate equi valent. Sone pedons have a BCk horizon

The C horizon has hue of 10YR, 2.5Y or 5Y, value of 5 to 7 and 4 to 6 noist, and

chroma of 2 to 4. It typically is calcareous loamglacial till, but fine sandy
| oam sandy |loam silt |oam and very fine sandy |loamare within the range. It
is slightly alkaline or noderately alkaline. |n sonme pedons it has strata of

fine sand to sandy clay | oam Sone pedons have a sandy 2C horizon bel ow 40
i nches.

COWPETI NG SERI ES: These are the Dunnville, Egeland, Kalispell and Lanona
series. Dunnville soils are acid throughout the solum and occur in npore npist
areas. Egeland soils have nore than 55 percent sand in the 10- to 40 inch
control section and forned in glacial outwash. Kalispell soils are shallower to
carbonates (see remarks). Lanona soils have a discontinuity with horizons
havi ng nore than 18 percent clay between a depth of 20 and 40 inches.

GEOGRAPHI C SETTI NG. Hei ndal soils are on level to very steep noraines and til
plains. Slope gradients typically are from2 to 5 percent but range fromO to
40 percent. The soil is formed in calcareous glacial till. The climte is
cool, subhum d, with a mean annual air tenperature ranging from 38 to 48 degrees
F, and nmean annual precipitation ranging from 15 to 25 inches. Mst of the

nmoi sture falls in the spring and sunmer. The frost-free period ranges from 90
to 140 days. The elevation ranges from 900 to 2350 feet.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Enrick, Esmond, Fram Parnel
and Tonka series in a drainage sequence. Enrick soils are on concave foot

sl opes; Esnond soils are on convex shoul der slopes; Framsoils on flats and
rims surroundi ng depressions; and Parnell and Tonka soils are in depressions.
Enrick soils have nollic epipedons nore than 16 inches thick. Esnond soils do
not have a canbic horizon. Fram soils have and aquic noisture regine. Parnel
soils are very poorly drained and Tonka soils are poorly drained.

DRAI NAGE AND PERMEABI LITY: Well drained. Runoff is negligible to high
dependi ng on sl ope. Perneability is noderate.

USE AND VEGETATION: Nearly all cultivated for production of small grains and
flax. Native vegetation includes green needl egrass, western wheatgrass, blue
grama and forbs.

DI STRI BUTI ON AND EXTENT: North central and east central North Dakota, west
central M nnesota, and South Dakota. The series is extensive.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota

SERI ES ESTABLI SHED: Wells County, North Dakota, 1970.
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REMARKS: The official description for Kalispell is old (4/57) and does not have
sufficient detail to clearly differentiate fromthe Hei ndal series.

Di agnostic horizons and features recognized in this pedon are: nollic epipedon -
the zone fromthe surface of the soil to a depth of 14 inches (A and Bwl
hori zon); canbic horizon - the zone from 14 to 19 inches (Bw2 horizon).

ADDI TI ONAL DATA: Laboratory sanple nunbers: S60ND 16-21, S60ND-16-22, SU67ND-
16-2, SUB7ND- 16-3, SUB67ND-16-4, SU67ND-16-5, S49ND- 38-2, S53ND- 52-1 and S53ND-
52- 2.

Nat i onal Cooperative Soil Survey
U S A
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LOCATI ON KRATKA MN+ND SD W

Est abl i shed Seri es
Rev. MNJ- RBH- AGG
06/ 2001

KRATKA SERIES

The Kratka series consists of very deep poorly and very poorly drained soils
that formed in a mantl e of sandy glacial |acustrine or outwash sedi nents over

| acustrine sedinments or loany glacial till on glacial |ake plains, glacial
deltas of former glacial |akes, streamterraces, and norai nes. These soils have
noderately rapid or rapid perneability in the upper part and noderately rapid to
noderately slow permeability in the |lower part. Slopes range fromO to 2
percent. Mean annual precipitation is about 22 inches. Mean annual air
tenperature is about 40 degrees F.

TAXONOM C CLASS: Sandy over | oany, m xed, superactive, frigid Typic Endoaquolls

TYPI CAL PEDON: Kratka fine sandy loamin a slightly concave area on a gl aci al
| ake plain in a cultivated field at an el evation of about 1072 feet, MSL.
(Colors are for noist soil unless otherw se stated.)

Ap--0 to 6 inches; black (10YR 2/1) fine sandy |oam very dark gray (10YR
3/1) dry; weak fine and nmedi um subangul ar bl ocky structure parting to weak fine
granul ar; friable; few nedium and conmon very fine and fine roots; about 5
percent gravel; slightly al kaline; abrupt smooth boundary.

A--6 to 11 inches; black (10YR 2/1) fine sandy |oam very dark gray (10YR
3/1) dry; weak noderate subangul ar bl ocky structure parting to weak fine
granular; friable; few fine and comon very fine roots; about 5 percent gravel
slightly al kaline; clear snmooth boundary. (Conbined thickness of A horizons is 6
to 18 inches thick.)

Bgl--11 to 14 inches; dark grayish brown (2.5Y 4/2) fine sandy | oant weak
medi um subangul ar bl ocky structure; very friable; few very fine and fine roots;
about 5 percent gravel; conmon medi um distinct light olive brown (2.5Y 5/4) Fe
concentrations; slightly alkaline; clear snooth boundary.

Bg2--14 to 18 inches; dark grayish brown (2.5Y 4/2) loany fine sand; weak
fine and medi um subangul ar bl ocky structure; very friable; about 8 percent
gravel; common nmedium distinct light olive brown (2.5Y 5/4) and yell owi sh brown
(10YR 5/6) Fe concentrations; slightly alkaline; clear wavy boundary. (Conbi ned
t hi ckness of the Bg horizons is 0 to 32 inches).

Cgl--18 to 25 inches; grayish brown (2.5Y 5/2) fine sand; single grain;
| oose; about 10 percent gravel; many coarse distinct light olive brown (2.5Y
5/ 6) Fe concentrations and conmon nmedium faint |ight brownish gray (2.5Y 6/2) Fe
depl etions and few medi um proni nent yell owi sh brown (10YR 5/6) Fe
concentrations; slightly al kaline; abrupt wavy boundary. (0 to 12 inches thick)

2Cg2--25 to 31 inches; olive gray (5Y 5/2) |oam nmassive; friable; about 5
percent gravel; common nedi um prom nent light olive brown (2.5Y 5/4) Fe
concentrations; slightly effervescent; slightly alkaline; clear wavy boundary.
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2Cg3--31 to 39 inches; olive gray (5Y 5/2) loam rmassive; friable; about 5
percent gravel; common medi um prom nent |ight olive brown (2.5Y 5/4) and few
fine prom nent yellow sh brown (10YR 5/6) Fe concentrations;strongly
ef fervescent; slightly alkaline; clear smooth boundary.

2Cg4--39 to 80 inches; olive gray (5Y 5/2) clay |oam nassive; friable;
about 5 percent gravel; few medi um proni nent yellow sh brown (10YR 5/6) and
common medi um prom nent |ight olive brown (2.5Y 5/6) Fe concentrations; strongly
ef fervescent; slightly alkaline.

TYPE LOCATI ON:  Penni ngton County, M nnesota; about 11 nmiles northwest of Thief
Ri ver Falls; 1420 feet north and 250 feet east of the southwest corner of Sec.

12, T. 154 N., R 45 W, USGS Vi king quadrangle, Lat. 48 degrees 10 m nutes 04
seconds N., 96 degrees 23 minutes 02 seconds W, NAD27.

RANGE | N CHARACTERI STICS: The thickness of the nollic epipedon typically is 6
to 18 inches. The depth to loany glacial till or lacustrine sedinents ranges
from20 to 40 inches. Some pedons have stratified sedinments bel ow 40 inches.
The depth to free carbonates typically ranges from 16 to 45 inches but ranges to
more than 60 inches in sonme pedons. The upper sedinents have 0 to 5 percent
gravel and the 2C horizon contains O to 8 percent by volume of gravel of m xed
lithology. |In pedons that have |acustrine sedinents in the 2C horizons, rock
fragnments may not be present. A thin lag line ranging to as nuch as 6 inches in
t hi ckness and containing as much as 35 percent by volunme of gravel is at the
contact between the upper and | ower material. The reaction ranges from
noderately acid to slightly alkaline in the A and Bg horizons, slightly acid to
slightly alkaline in the Cg horizons and slightly acid to noderately alkaline in
the 2Cg hori zons.

The A or Ap horizon has hue of 10YR or 2.5Y, value of 2 or 3, chroma of 1 or 2
or is neutral. It is loany sand, |oany fine sand, sandy | oam or fine sandy
| oam

Some pedons have an ABg hori zon.

The Bg or Bw horizon has hue of 10YR or 2.5Y, value of 4 to 6, and chrom of 1
or 2 in the upper part, and includes chroma of 3 or 4 in the |lower part. It is
| oanmy fine sand, fine sand, |oamy sand, sand or fine sandy | oam

Some pedons have Bkg or 2Bkg horizons with 2.5Y or 5Y hue. They are slightly
al kal i ne or noderately al kal i ne.

Some pedons have 2Bg horizons with hue of 2.5Y or 5Y, value of 4 to 6 and chroma
of 1 to 3. Textures include | oam or clay |oam

The Cg horizon has hue of 10YR or 2.5Y, value of 4 to 6, and chroma of 2 to 4.
Texture is sand, fine sand, |loany fine sand or |oany sand

Some pedons have thin Ab horizons.

The 2Cg horizon has hue of 10YR to 5Y; value of 4 to 6; and chroma of 1 to 3.

It is loam clay |loam sandy |loam or fine sandy loamin the glacial till and

silt loam silty clay loam or very fine sandy loam with thin strata of | oamny
fine sand or fine sand in the |lacustrine material

COWPETI NG SERIES: There are no conpeting series.
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GEOGRAPHI C SETTI NG: These soils have plane or slightly concave slopes on flats
or in shallow depressions on streamterraces, glacial |ake plains, glacial
deltas of former glacial |akes, and glacial noraines. Slopes range fromO to 2
percent. Kratka soils formed in a sandy mantle of |acustrine glacial outwash
over loany glacial till or lacustrine sedinents of Late Wsconsi nan Age. Mean
annual air tenperature ranges from 37 to 45 degrees F. Mean annual
precipitation ranges from 19 to 33 inches. Frost-free days range from88 to
150. El evation above sea level ranges from 700 to 1500 feet.

GEOGRAPHI CALLY ASSCCI ATED SO LS: These typically include the Fol dahl, Ginstad,

Rockwel | , Strat hcona and Towner soils which formed in simlar materials. The
Fol dahl and Grinmstad soils are noderately well drained to sonewhat poorly
dr ai ned. Rockwel | and Strathcona soils have a calcic horizon and the Towner

soils are noderately well drained. They are also associated with Blonford and
Braham soils in a few places. Blonford are poorly drained soils on plane slopes
and Braham are well drained and noderately well drained soils on plane and
convex sl opes.

DRAI NAGE AND PERMEABI LI TY: Poorly and very poorly drained. Perneability is
nmoderately rapid or rapid in upper part and noderately rapid to noderately slow
in the |ower part. Surface runoff is negligible. Depth to an apparent seasonal
hi gh water table is 0.5 to 1.5 feet at sone tinme fromApril to July in nost
years for the poorly drained phases and at plus 1 to 0.5 feet at sone tinme from
March to August in nost years for the very poorly drained phase.

USE AND VEGETATI ON: Most areas of the Kratka series are used for hay and
pasture or are cropped with small grains. Native vegetation is wet tall grass
prairie and sedges with sone scattered shrubs.

DI STRI BUTI ON AND EXTENT: Primarily northwestern M nnesota in the G acial Lake
Agassiz Plain and in eastern North Dakota, but is also recognized in other parts
of northern M nnesota and W sconsin. Mderately extensive

MLRA OFFI CE RESPONSI BLE: St. Paul, M nnesot a.
SERI ES ESTABLI SHED: Nor man County, M nnesota, 1970.

REMARKS: Di agnostic horizons and features recognized in this pedon are: mollic
epi pedon - fromthe surface to 11 inches (A horizons); aquic features per |ow
chroma below nollic epi pedon. Typical pedon was revisited 9/97 and described to
80 inches.

ADDI TI ONAL DATA: Refer to Mnnesota Agricultural Experinent Station Central
Fil e Code number 3006 for |aboratory data of the typical pedon. See al so MAES
CFC nunbers 802 and 883 and NSSL S92MN-113-3 for | aboratory data of
representati ve pedons and M nnesota Department of Transportation data for
SS81369- 370 for engineering test data

SIR #MNOO72; MN0419, Depressional phase; MN0640, Stratified substratum phase;
MNO641, Stratified substratum depressional phase; MN0618, thick sol um phase.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON LA PRAIRI E ND+MN SD

Est abl i shed Series
Rev. CJH
10/ 98

LA PRAIRIE SERIES

The La Prairie series consists of very deep, noderately well drained, noderately
pernmeabl e soil that formed in loamy alluvium These soils are on terraces and
bottom |l ands in streamvalleys. Slope ranges fromO to 6 percent. Mean annual
air tenperature is 42 degrees F, and mean annual precipitation is 19 inches.

TAXONOM C CLASS: Fine-1oamnmy, m xed, superactive, frigid Cumulic Hapludolls

TYPI CAL PEDON: La Prairie silt loam- on a flat slope of |less than 1 percent in
a cultivated field. (Colors are for moist soil unless otherwi se stated. Wen
descri bed, the soil was nmoist throughout.)

Ap--0 to 8 inches; black (10YR 2/1) silt loam dark gray (10YR 4/1) dry;
weak medi um subangul ar bl ocky structure parting to noderate nedium and fine
granul ar; slightly hard, friable, slightly sticky and slightly plastic; many
fine roots; many fine pores; many worm casts; slightly alkaline; abrupt snooth
boundary.

A--8 to 19 inches; black (10YR 2/1) silt loam dark gray (10YR 4/1) dry;
weak coarse prismatic structure parting to weak coarse and nedi um subangul ar
bl ocky; hard, friable, slightly sticky and slightly plastic; many fine roots;
many fine pores; slightly alkaline; clear wavy boundary. (Conbined A horizon 12
to 30 inches thick)

Bw--19 to 28 inches; very dark grayish brown and very dark brown (10YR 3/2
and 10YR 2/2) silt loam grayish brown and dark grayish brown (10YR 5/2 and 4/2)
dry: weak coarse prismatic structure parting to weak coarse subangul ar bl ocky;
hard, friable, slightly sticky and slightly plastic; common fine roots; many
fine pores; few fine nasses of carbonates; slight effervescence; noderately
al kal i ne; gradual wavy boundary. (0 to 35 inches thick)

Cl--28 to 44 inches; very dark grayish brown (10YR 3/2) silt [oam grayish
brown (10YR 5/2) dry; weak coarse and nedi um subangul ar bl ocky structure; hard,
friable, slightly sticky and slightly plastic; few roots; commn fine pores;
several oval krotovinas 1 to 3 inches in diameter; few fine masses of
carbonates; slight effervescence; noderately al kaline; gradual wavy boundary.

C2--44 to 60 inches; brown (10YR 4/3) silt loam brown (10YR 5/3) dry; weak
thin platy structure; hard, friable, slightly sticky and slightly plastic;
slight effervescence; noderately al kaline.

TYPE LOCATI ON: Cass County, North Dakota; about 8 1/2 miles south and 1/2 mle
east of Enbden; 2,100 feet west and 1,920 feet north of the southeast corner,
sec. 18, T. 137 N., R 53 W

RANGE | N CHARACTERI STICS: Depth to carbonates ranges fromO to 40 inches. The
nmol | i ¢ epi pedon ranges from 16 to over 40 inches in thickness. The 10- to 40-
i nch control section is loam clay loam silt loamor silty clay | oam averagi ng
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18 to 35 percent clay and 15 to 40 percent fine sand and coarser. The soil is
neutral to noderately al kaline throughout. Channel ed and nonfl ooded phases are
recogni zed.

The A horizon has hue of 10YR or is neutral, value of 2 or 3 (3 or 4 dry), and
chroma of 1 or less. It is loam silt loam clay loamor silty clay loam Ab
hori zons are in sonme pedons.

The Bw horizon has hue of 10YR or 2.5Y, value of 2 to 4 (3 to 5 dry), and chroma
of 1 to 3. It is loam clay loam silt loamor silty clay loam Secondary
carbonates, as threads or fine to coarse masses, are in the lower B horizon in
some pedons. Sone pedons have a Bk horizon

The C horizon has hue of 10YR, 2.5Y or 5Y, value of 3 to 5 (4 to 7 dry), and
chroma of 1 to 4. It is loam clay loam silt loamor silty clay |loam Sandy
clay loamis allowed bel ow 40 i nches. The C horizon has faint or distinct

redoxi norphi c concentrations in sonme pedons. Some pedons bel ow a depth of 40

i nches contain strata with up to 5 percent coarse fragnents and textures of very
coarse sand to clay.

COWPETI NG SERIES: There are no other series in the famly.

GEOGRAPHI C SETTING: La Prairie soils are on level to gently sloping terraces,
bottom |l ands and in swales of intermttent streanms. Slope ranges fromO to 6
percent. The soils formed in alluvium The nean annual air tenperature ranges
from37 to 45 degrees F, and the nean annual precipitation from 15 to 23 inches.
Most of the precipitation cones in the spring and summer.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Aastad, Barnes, Cashel
Fai rdal e, Forman, Gardena, LaDelle, Lanmoure, Ludden, Svea, Wahpeton and Wal sh

soils. Aastad, Barnes, Forman and Svea soils are on nearby till uplands and
Gardena and Wal sh soils are on nearby deltas, fans and | ake plains. These soils
have a regul ar decrease in organic matter content with depth. In addition

Barnes and Forman soils have nollic epipedons |Iess than 16 inches in thickness
and Gardena soils are coarse-silty. Cashel, Lambure and Ludden soils are on
nearby | ower |ying bottom | ands. Cashel soils are sonmewhat poorly drained and
have fine textures. Lanoure soils are poorly drained and are fine-silty.
Ludden soils are poorly drained and have fine textures. Fairdale and LaDelle
soils are on simlar positions as La Prairie soils. Fairdale soils have fine
stratification below the A horizon. LaDelle soils are fine-silty. Whpeton
soils are on higher lying |l evees and have fine textures.

DRAI NAGE AND PERMEABI LI TY: Moderately well drained. Runoff is negligible to

| ow dependi ng on slope. Perneability is noderate. The soils are flooded for
short periods when streans overflow. A seasonal high water table is at depth of
3to5 feet at some tinme during the period of April through June.

USE AND VEGETATION: Soils are cropped to spring seeded small grains, row crops
hay and pasture. Native vegetation was big bluestem green needl egrass,

por cupi negrass, western wheatgrass, a variety of forbs; and scattered trees and
shrubs as boxel der, chokecherry, cottonwood, el mand prairie rose.

DI STRI BUTI ON AND EXTENT: Eastern North Dakota and adj acent areas of
northeastern South Dakota and western M nnesota. The series is of |large extent.

M_RA OFFI CE RESPONSI BLE: Bi smarck, North Dakota
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SERI ES ESTABLI SHED:  Spi nk County, South Dakota, 1955.
REMARKS: Revi sed 4/95.

Di agnostic horizons and features recognized in this pedon are: nollic epipedon
- the zone fromthe surface of the soil to a depth of 28 inches (Ap, A and Bw

hori zons); the Cl horizon has the color but not the organic nmatter content to be
part of the nmollic epipedon.

Nati onal Cooperative Soil Survey
U S. A
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LOCATI ON LADELLE SD+MN ND

Est abl i shed Seri es
Rev. KFM BOK- CJH
2/ 99

LADELLE SERIES

The LaDell e series consists of very deep, noderately well drained soils forned
in alluviumon terraces and flood plains. Pernmeability is noderately slow or
noderate. Slopes range fromO to 9 percent. Mean annual precipitation is about
22 inches, and mean annual air tenperature is about 42 degrees F.

TAXONOM C CLASS: Fine-silty, mxed, superactive, frigid Cumulic Hapludolls

TYPI CAL PEDON: LaDelle silt loam- on a 1 percent slope in a cultivated field.
When described the soil was noist throughout. (Colors are for dry soil unless
ot herwi se st ated)

Ap--0 to 7 inches; dark gray (10YR 4/1) silt loam black (10YR 2/1) noist;
weak fine and medi um granul ar structure; soft, very friable; slight
ef fervescence; slightly alkaline, abrupt snooth boundary.

A--7 to 20 inches; dark gray (10YR 4/1) silt loam black (10YR 2/1) noist;
weak nmedi um subangul ar bl ocky structure parting to weak fine and nmedi um
granul ar; slightly hard, very friable; strong effervescence; slightly alkaline
gradual wavy boundary. (Conbined A horizons 12 to 25 inches thick)

Bk--20 to 35 inches; gray (2.5Y 5/1) silt loam very dark gray (2.5Y 3/1)
nmoi st; weak medi um and coarse subangul ar bl ocky structure; slightly hard,
friable; common fine threads of cal cium carbonate; strong effervescence;
slightly al kaline; clear wavy boundary. (0 to 20 inches thick)

Akb--35 to 43 inches; dark gray (10YR 4/1) silty clay loam black (10YR
2/ 1) noist; weak nmedium and coarse subangul ar bl ocky structure; slightly hard,
friable; comon fine and medi um masses of cal ci um carbonate; strong
ef fervescence; slightly al kaline, gradual wavy boundary.

C--43 to 60 inches; gray (10YR 5/1) silt loam very dark gray (10YR 3/1)
nmoi st; common fine prom nent dark brown (10YR 3/3) redox concentrations;
massi ve; hard, friable; few to commn fine and nedi um coats of calcium
carbonate; strong effervescence; slightly alkaline

TYPE LOCATI ON: Roberts County, South Dakota; about 3 miles north of Corona; 370
feet north and 270 feet west of the southeast corner, sec. 14, T. 122 N., R 49
W

RANGE | N CHARACTERI STICS: Depth to cal cium carbonates ranges fromO to nore
than 60 inches. Thickness of the nollic epipedon ranges from 17 to 50 inches.
The control section is silt loam silty clay |oam or | oam averagi ng between 25
and 35 percent clay and | ess than 15 percent fine and coarser sand. Buried

hori zons are bel ow depths of 17 inches in npost pedons. Sonme pedons have gypsum
and ot her salts bel ow 20 inches.
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The A horizon has hue of 10YR or neutral, value of 3 or 4 and 2 or 3 noist, and
chroma of 1 or less. It typically is silt loamor loam but is silty clay |oam
in some pedons. It ranges fromslightly acid to slightly alkaline. 1In sone
pedons the | ower part of the A horizon has a value of 5 dry.

Bw or ABK horizons are in sone pedons.

The Bk horizon has hue of 10YR or 2.5Y, value of 3 to 6 and 2 to 5 nmoist, and
chroma of 3 or less. It is silt loam silty clay loam or loamand is neutra
to nmoderately al kal i ne.

The C horizon has hue of 10YR or 2.5Y, value of 3 to 7 and 2 to 5 noist, and
chroma of 1 to 4. It is silt loam silty clay loam or silty clay. Redox
features are variable. It is slightly or noderately al kaline and has few to
comon fine threads or fine to coarse coats of carbonate. Sone pedons have thin
strata of sand, silt, clay |oam or clay bel ow depths of 40 inches.

COWPETI NG SERI ES: There are no conpeting series.

GEOGRAPHI C SETTING: The LaDelle soils are on nearly level streamterraces and
fl ood plains adjacent to major streams and tributaries within the glacial til

pl ains. Slope gradients are less than 2 percent, except along terrace
escarpnents that range up to 9 percent. They forned in silty alluvial sedinments.
Mean annual air tenperature ranges from 36 to 48 degrees F., and nean annual
precipitation ranges from 15 to 24 inches. Grow ng season is about 105 to 155
days; average growi ng season precipitation from 14 to 18 inches; and grow ng
degree days are about 2600 to 3300. Elevation above sea | evel ranges from 650
to 2350 feet.

GEOGRAPHI CALLY ASSCCI ATED SO LS: These are the Divide, Forman, La Prairie,
Lamour e, Ludden, Peever, and Poinsett soils. Divide soils have calcic horizons
within a depth of 16 inches and are on simlar | andscape positions as the
LaDel l e soils. Forman and Peever soils have argillic horizons. Poinsett soils
have nmol lic epi pedons | ess than 16 inches thick. Forman, Peever, and Poi nsett
soils are on adjacent uplands. La Prairie soils have a fine-loany series
control section. La Prairie soils are on simlar |andscape positions as the
LaDell e soils. Lamure and Ludden soils have a wetter soil nmpisture contro
section. In addition, Ludden soils have a fine textured particle size contro
section. Lamoure and Ludden soils are on slightly |ower |andscape positions than
the LaDell e soils.

DRAI NAGE AND PERMEABI LI TY: Moderately well drained. Surface runoff is lowto
medium  Perneability is noderately slow or noderate. These soils are flooded
for short periods from streamoverflow. A seasonal high water table is at a

depth of 3.5 to 5.0 feet at sonme tinme during the period of April through June.

USE AND VEGETATI ON: Largely used to grow corn, soybeans, small grains, and
alfalfa. Native grasses are green needl egrass, big bluestem switchgrass,
i ndi angrass, and sedges.

DI STRI BUTI ON AND EXTENT: Northeastern South Dakota and adjacent parts of North
Dakota. The series is of noderate extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota

SERI ES ESTABLI SHED:  Spi nk County, South Dakota, 1955.
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REMARKS: Nonfl ooded and fl ooded phases recogni zed.

Di agnostic horizons and features recognized in this pedon are: nollic epipedon
- the zone fromthe surface of the soil to a depth of about 43 inches (Ap, A,
Bk, Akb horizons).

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON LALLI E ND+WMN MI' SD

Est abl i shed Seri es
MDS- CJH
06/ 2001

LALLIE SERIES

The Lallie series consists of very deep, poorly drained and very poorly drained,
slowmy perneable soils formed in | ake basins and old oxbows. These soils have
slopes of 0 to 2 percent. Mean annual air tenperature is about 41 degrees F and
mean annual precipitation is about 17 inches.

TAXONOM C CLASS: Fine, snectitic, calcareous, frigid Vertic Fluvaquents

TYPI CAL PEDON: Lallie silty clay loam- on a |evel slope under native grass.
When described the soil was noist throughout. (Colors are for moist soil unless
ot herwi se st ated)

A--0 to 2 inches; black (10YR 2/1) silty clay | oam dark gray (10YR 4/1)
dry; noderate nedium and fine granular structure; slightly hard, friable, sticky
and plastic; many roots; commn fine flecks of salt; strongly effervescent;
slightly al kaline; abrupt snooth boundary. (1 to 5 inches thick)

Cg--2 to 24 inches; dark gray (5Y 4/1) silty clay loam |ight gray and gray
(5Y 6/1) dry; common nedi um prom nent dark yellow sh brown (10YR 4/ 4)
redoxi norphi c concentrations; weak coarse prismatic structure parting to
noderate fine subangul ar bl ocky; slightly hard, friable, sticky and plastic;
common fine roots; few fine flecks of salt; violently effervescent; slightly
al kal i ne; abrupt wavy boundary. (8 to 26 inches thick)

Ab--24 to 32 inches; black (N 2/0) silty clay, very dark gray (5Y 3/1) dry;
weak coarse prismatic structure parting to nmoderate medi um and fine subangul ar
bl ocky; hard, firm very sticky and very plastic; few fine roots; common fine
flecks of salt; few snail shell fragnments; strongly effervescent; noderately
al kal i ne; gradual wavy boundary. (0 to 8 inches thick)

C g--32 to 60 inches; olive gray (5Y 4/2) silty clay, light gray and gray
(5Y 6/1) dry; comon fine proninent yellowi sh brown (10YR 5/4) redoxi norphic
concentrations; massive; very hard, very firm very sticky and very plastic; few
fl ecks of salt; comon snail fragments; strongly effervescent; slightly
al kal i ne.

TYPE LOCATION: Nel son County, North Dakota; about 1 1/2 mles west and 4 mles
north of Tol na; 2630 feet east and 1300 feet south of the northwest corner, sec.
21, T. 151 N, R 61 W

RANGE | N CHARACTERI STICS: The 10-to 40-inch particle-size control section
averages between 35 and 60 percent clay. Typically, it is layered or varved in
the | ower part and contains one or nmore buried horizons. Sone pedons have
surface layers up to 15 inches thick consisting of recent sedinents. Some
pedons have an O horizon. Sonme pedons are nonsaline

The A horizon has hue of 10YR, 2.5Y or 5Y, value of 2 to 4 and 3 to 6 dry, and
chroma of 1 or 2. It is silty clay loam silty clay, loam silt loam clay

Devils Lake Salinity Study: Appendix B2 Page 127
Sheyenne Valley



| oam sandy |loam or clay. These textures in the ponded phase nay have a mucky
nodi fier. The A horizon is neutral to strongly alkaline.

The C horizon has hue of 2.5Y or 5Y, or is neutral, value of 3 to 6 and 4 to 8
dry, and chroma of 2 or less. Sone pedons have higher chromas in the |ower

part. It typically is silty clay loamor silty clay, but it is clay in sonme
pedons. It is massive or has weak or noderate grades of structure. It does not
have snail shell fragnments and salts in some pedons. It has gypsumin some
pedons. Layers of coarser materials are at depths below 40 inches in sone
pedons. It is slightly alkaline to strongly alkaline. Silt loamstrata up to 6

i nches thick are in some pedons.
COVPETI NG SERI ES: There are no series in the same famly

GEOGRAPHI C SETTING: Lallie soils are on level and nearly |evel |ake basins and
ol d oxbows of river channels. Slope gradients are 0 to 2 percent. The soils
formed in stratified clayey lacustrine or alluvial sedinents. The nmean annua
air tenperature ranges from 34 to 45 degrees F and mean annual precipitation
ranges from 12 to 23 inches. Frost-free period ranges from 105 to 140 days.

El evati on above sea | evel ranges from 650 to 3600 feet.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Colvin, Grano, Hegne and

M nnewaukan soils on | ake plains and Banks, Havrelon, Lohler and Trenbles soils
on floodplains. Banks, Havrelon, Lohler, M nnewaukan and Trenbles soils are not
as wet. |In addition, Banks and M nnewaukan soils are sandy, Havrelon soils are
fine-loany, and Trenbles soils are coarse-loamy. Colvin soils are fine-silty.
Grano and Hegne soils have a nollic epipedon.

DRAI NAGE AND PERMEABI LI TY: Poorly or very poorly drained. Runoff is ponded.
Permeability is slow. A seasonal high water table is at the surface to 1 foot
bel ow t he surface at some time during the period April through August. It is
fromone foot above the surface to one foot below the surface throughout the
year in the ponded phase

USE AND VEGETATI ON: Used for pasture, hay, and wildlife. A few areas are
cropped. Native vegetation is slough sedge and rivergrass.

DI STRI BUTI ON AND EXTENT: North Dakota and parts of Mintana and South Dakot a.
The soil is noderately extensive.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a

SERI ES ESTABLI SHED: Eddy and parts of Benson and Nel son Counties, North Dakota,
1971.

REMARKS: Di agnostic horizons and features recognized in this pedon are: ochric
epi pedon - the zone fromthe surface of the soil to a depth of 2 inches; aquic
suborder criteria - redoxi morphic concentrations and chroma of |less than 2
within 50 cm (Cg horizon); irregular decrease in organic carbon with depth -
buried horizon in the zone from24 to 32 inches (Ab horizon); Vertic criteria -
LE of nore than 6 cmin upper neter.

ADDI TI ONAL DATA: "Depth to Apparent Water Table in Selected North Dakota
Soils." Soil Conservation Service

Nati onal Cooperative Soil Survey
U. S A
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LOCATI ON LAMOURE SD+MN MTI' ND

Est abl i shed Seri es
Rev. KFM-WB
02/ 97

LAMOURE SERIES

The Lanmoure series consists of very deep, sonmewhat poorly drained or poorly
drained soils forned in silty alluviumon flood plains. Perneability is
noderate or nmoderately slow. Slopes are | ess than 2 percent. Mean annual
precipitation is about 22 inches, and nean annual air tenperature is about 43
degrees F.

TAXONOM C CLASS: Fine-silty, mxed, superactive, calcareous, frigid Cumulic
Endoaquol | s

TYPI CAL PEDON: Lanoure silty clay loam- on a slope of 1 percent in a
cultivated field. When described the soil was npoist throughout. (Colors are for
noi st soil unless otherwi se stated.)

Al--0 to 15 inches; black (N 2/0) silty clay loam very dark gray (N 3/0)
dry; weak fine granular structure; slightly hard, friable, slightly sticky;
strong effervescence; noderately al kaline; clear wavy boundary.

A2--15 to 27 inches; black (10YR 2/1) silty clay loam gray (10YR 5/1) dry;
weak medi um and coarse prismatic structure parting to weak fine subangul ar
bl ocky; slightly hard, friable, slightly sticky; strong effervescence;
noder ately al kal i ne; gradual wavy boundary. (Conbined A horizons 24 to 42
i nches thick.)

Cgl--27 to 34 inches; dark gray (N 4/0) silty clay loam gray (N 5/0) dry;
vertical faces of peds very dark gray (N 3/0); weak fine subangul ar bl ocky
structure; slightly hard, friable, slightly sticky; few fine prom nent dark
brown (10YR 3/3) redox concentrations; strong effervescence; noderately
al kal i ne; gradual wavy boundary.

Cg2--34 to 43 inches; dark grayish brown (2.5Y 4/2) silt |oam grayish brown
(2.5Y 5/2) dry; weak fine subangul ar bl ocky structure; slightly hard, friable;
many fine distinct very dark gray (N 3/0) redox depletions and common fine
prom nent dark yellowi sh brown (10YR 4/4) redox concentrations; strong
ef fervescence; mpoderately al kaline; clear wavy boundary.

Ab--43 to 52 inches; very dark gray (10YR 3/1) |loam very dark grayish brown
(10YR 3/2) rubbed, gray (10YR 5/1) dry; weak fine subangul ar bl ocky structure;
hard, friable, slightly sticky; few fine faint dark brown (10YR 3/3) redox
concentrations; slight effervescence; nmoderately al kaline; abrupt wavy boundary.

C g--52 to 60 inches; dark grayish brown (2.5Y 4/2) sandy | oam grayish brown
(2.5Y 5/2) dry; massive; soft, very friable; few fine distinct olive brown (2.5Y
4/ 4) redox concentrations; slight effervescence; noderately al kaline

TYPE LOCATI ON: Brookings County, South Dakota; about 1 mle west and 1.5 mles
north of Bushnell; 1930 feet south and 100 feet east of the northwest corner of
sec. 12, T. 110 N., R 49 W
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RANGE | N CHARACTERI STICS: Depth to carbonates ranges fromO to 10 inches. The
soil is slightly alkaline or noderately al kaline throughout. The control section
typically is a silty clay loam but is silt loamin some pedons. Thickness of
the nollic epipedon ranges from24 to nmore than 60 inches. Buried A horizons
are comon bel ow depths of 30 inches.

The A horizon is neutral or has hue of 10YR, 2.5Y, and 5Y; value of 2 or 3 and 3
to 5 dry; and chroma of 1 or less. It typically is silty clay loam but is silt
 oamin some pedons.

The Cg horizon is neutral or has hue of 2.5Y or 5Y, value of 2 to 6 and 4 to 8
dry, and chroma of 2 or less. Chroma of 2 is only in the lower part. Redox
features are variable, ranging fromfew fine faint to many promnent. In sone
pedons the Cg horizon contains few or common, fine to coarse accunul ati ons of
carbonates. The Cg horizon bel ow depths of 40 inches has texture simlar to the
control section or is stratified loam silt |loam sandy loam silty clay | oam

or clay. Some pedons are sand, gravelly sand, or |oanmy sand.

COWPETI NG SERIES: These are the Downata, Halleck, Inkom Playnmoor, and Rauville
series. Downata soils have A horizons with chroma of 2 or 3. Halleck soils
have mean annual precipitation of 10 to 12 inches and violent effervescence

t hroughout. Inkom soils have canbic horizons. Playnoor soils contain nore
visible salts and have nore exchangeabl e sodium Rauville soils do not have
nottles within depths of 40 inches and are very poorly drained.

GEOGRAPHI C SETTI NG:. The Lamoure soils are on nearly level bottons of glacial
outwash valleys and on flood plains of major streanms and tributaries within
glacial till plains. Slopes are less than 2 percent. They fornmed in silty

al luvium Mean annual air tenperature ranges from 36 to 48 degrees F, and nean
annual precipitation ranges from 16 to 24 inches. G ow ng season is about 120
to 135 days; average growi ng season precipitation from 14 to 20 inches; and
growi ng degree days are about 2500 to 3100

GEOGRAPHI CALLY ASSCOCI ATED SO LS: These are the conpeting Playnmoor and Rauville
soils and the Dovray, Forman, LaDelle, Lowe, Ludden, and Poinsett soils. Ludden
and Playnmoor soils are in simlar |andscapes. Ludden soils have a fine textured
series control section. Rauville soils are in nore depressed and sl uggi sh

dr ai nageways. Dovray soils are deeper to carbonates, have a fine textured
series control section, and are on simlar |andscapes. The well drained Forman
soils have an argillic horizon and on adjacent uplands. The noderately wel

drai ned LaDelle soils do not have nmottles within depths of 40 inches and are on
slightly higher positions on the | andscape. Lowe soils have a calcic horizon
within 16 inches of the surface and have a fine-loany series control section.
They are on sinilar |andscapes to the Lanoure soil. The well drained Poinsett
soils have nmollic epipedons less than 16 inches thick and are on adjacent

upl ands.

DRAI NAGE AND PERMEABI LI TY: Sonewhat poorly drained or poorly drained. Surface
runoff is low. Perneability is noderate or noderately slow. The water table is
at depths of 0 to 2 feet, except during the growi ng season. Lanpure soils
frequently flood from stream overfl ow.

USE AND VEGETATION: Miuch is in native hay and pasture. The better drained
areas are cropped to corn, small grain, alfalfa, and feed grains. Native
vegetation is mainly big bluestem swi tchgrass, indiangrass, kentucky bl uegrass,
prairie cordgrass, little bluestem sedges, and forbs.
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DI STRI BUTI ON AND EXTENT: Northeastern South Dakota, eastern North Dakota, and
western M nnesota. The series is of |arge extent.

MLRA OFFI CE RESPONSI BLE: St. Paul, M nnesota

SERI ES ESTABLI SHED: Lanoure County, North Dakota, 1914.

REMARKS: Di agnostic horizons and features recognized in this pedon are: mollic
epi pedon - the zone fromthe surface of the soil to a depth of about 27 inches

(A1 and A2 horizons).

Nat i onal Cooperative Soil Survey
U. S. A
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LOCATI ON LARSON ND+SD

Est abl i shed Seri es
CIH
1/ 99

LARSON SERIES

The Larson series consists of very deep, nmoderately well and somewhat poorly

drai ned soils that fornmed in calcareous, glacial till. Perneability is slowin
the Btn horizon and noderately slow or noderate in the C horizons. These soils
are on till plains and have slope ranging fromO to 6 percent. Mean annual air

tenperature is 39 degrees F, and nmean annual precipitation is 17 inches.
TAXONOM C CLASS: Fine-1oany, m xed, superactive, frigid Calcic Natrudolls

TYPI CAL PEDON: Larson |oam-cultivated. (Colors are for dry soils unless
ot herwi se st ated)

Ap--0 to 6 inches; very dark gray (10YR 3/1) loam black (10YR 2/1) noist;
weak fine granular structure; slightly hard, friable, slightly sticky and
slightly plastic; many roots; neutral; abrupt smooth boundary. (Combined A
horizons 5 to 12 inches thick)

E--6 to 7 inches; gray (10YR 5/1) silt loam black (10YR 2/1) nmoist; noderate
medi um subangul ar bl ocky structure parting to noderate thin platy; slightly
hard, friable, slightly sticky and slightly plastic; many roots; neutral; abrupt
wavy boundary. (0 to 4 inches thick)

Btnl--7 to 13 inches; dark gray (5Y 4/1) clay loam black (5Y 2/1) nvist;
strong medi um col ummar structure parting to noderate, medium and fine angul ar
bl ocky; hard, very firm sticky and plastic; thin gray (5Y 5/1) coatings on tops
of colums; slightly alkaline; gradual wavy boundary.

Btn2--13 to 16 inches; dark gray (5Y 4/1) clay |loam very dark gray (5Y 3/1)
noi st; strong medium prismatic structure parting to noderate medi um angul ar
bl ocky; hard, very firm sticky and plastic; slight effervescence; slightly
al kal i ne; gradual wavy boundary. (Combined Btn horizons 5 to 16 inches thick)

Bkyz--16 to 22 inches; olive gray (5Y 5/2) clay loam dark olive gray (5Y
3/2) noist; noderate medium prismatic structure parting to noderate fine angul ar
bl ocky; slightly hard, firm sticky and plastic; comon gypsumcrystals and fine
segregations of salts; strong effervescence; noderately al kaline; gradual wavy
boundary.

Bk--22 to 36 inches; light olive gray (5Y 6/2) clay loam olive (5Y 4/3)
nmoi st; noderate nedium prismatic structure parting to noderate nedi um angul ar
bl ocky; slightly hard, firm sticky and plastic; violent effervescence
noder ately al kal i ne; gradual wavy boundary. (Conbi ned Bk horizons 6 to 40
i nches thick)

C--36 to 60 inches; pale olive (5Y 6/3) clay |loam olive (5Y 4/3) npist;
comon nmedi um di stinct yellowi sh brown (10YR 5/4) npist redoxinorphic
concentrations; massive; hard, firm sticky and plastic; strong effervescence;
noder ately al kal i ne
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TYPE LOCATI ON: Eddy County, North Dakota; about 15 niles east and 4 1/2 niles
north of New Rockford; 2140 feet south and 100 feet east of the northwest
corner, sec. 1, T. 149 N, R 64 W

RANGE | N CHARACTERI STICS: The soil contains 0 to 10 percent by volune pebbles
or stones and a few boul ders.

The A horizon has 10YR or 2.5Y hue, value of 3 to 5 and 2 or 3 moist, and chroma
of 1. It typically is loam but included are fine sandy |loam silt |oam or clay
loam It is slightly acid or neutral

The E horizon has hue of 10YR or 2.5Y, value of 5 to 7 and 2 to 5 moist, and
chroma of 1 to 3. It is fine sandy |oam very fine sandy |oam |oany fine sand,
loamor silt loam It is slightly acid to slightly al kaline

The Btn horizon has hue of 10YR, 2.5Y or 5Y, value of 4 to 6 and 2 to 4 nvoist,

and chroma of 1 to 3. It has a chroma of 4 in the |ower part of sone pedons.
It typically is clay loam but included are loamand silty clay |loam It
typically contains 25 to 30 percent clay but ranges from 18 to 35 percent. It
is neutral to strongly alkaline. It has noderate or strong columar or

prismatic structure which parts to angul ar or subangul ar bl ocky structure in
many pedons. Sone pedons have a Btk horizon. Bty horizons are allowed below a
depth of 16 inches.

The By, Bz and Bk horizons have hue of 2.5Y or 5Y, value of 5 to 8 and 4 to 6

nmoi st, and chroma of 1 to 4. They are loamor clay loam They are noderately

al kaline or strongly alkaline. The Bk horizon contains 10 to 25 percent cal cium
carbonate dissem nated or in nmasses, but has 15 percent in sone part. The By
and Bz horizons contain few to many gypsum or salt crystals. Sone pedons have a
BC hori zon.

The C horizon has hue of 10YR, 2.5Y or 5Y, value of 5to 7 and 4 to 6 npoist, and
chroma of 2 to 4. It typically is loam but it is silt loamor clay loamin
sonme pedons. It is nmoderately alkaline or strongly alkaline. It is stratified
and has | ayers of coarser or finer textures below 40 inches in some pedons.

COWPETI NG SERIES: There are no conpeting series in the same fanmly

GEOGRAPHI C SETTING. Larson soils are on level to undulating till plains. Slope
comonly is less than 3 percent, but ranges to 6 percent. The soils formed in
cal careous, glacial till containing pockets of silt, fine sand and other sorted

materials. Mean annual air tenperature ranges from 37 to 45 degrees F, and nean
annual precipitation from15 to 20 inches. Most of the moisture falls in the
spring and summer.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Cathay Enrick, Fram Hei ndal
M randa, Parnell, Swenoda and Tonka soils. Cathay and Mranda soils are on
simlar |andscapes with Larson soils. Cathay soils have tonguing or
interfingering of albic materials into the Btn horizon. Mranda soils have
visible salt crystals within 16 inches of the surface. Enrick, Fram Heinda

and Swenoda soils are on nearby till plains. They are in conplex with Larson
soils in sonme areas. They do not have natric horizons. |In addition, Framsoils
have cal cic horizons within depth of 16 inches. Parnell and Tonka soils are in
depressions. They are very poorly and poorly drained, respectively. In

addition, they do not have natric horizons and are fine.
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DRAI NAGE AND PERMEABI LI TY: Moderately well and sonmewhat poorly drained.

Runof f ranges from negligible to medi um dependi ng on slope. Perneability is
slow in the Btn horizons and noderately slow or noderate in the C horizon. A
seasonal high water table is at a depth of 2 to 4 feet at sonme time during the
period of April through June in the somewhat poorly drained phase and at a depth
of 3 to 5 feet at sone tinme for the same period in the noderately well drained
phase.

USE AND VEGETATION: Soils are cropped to small grains and used for hay and
pasture. Native vegetation was western wheatgrass, green needl egrass,

needl eandt hread, bl ue gramm, sandberg bl uegrass, inland salt grass, fringed
sage, and a variety of forbs.

DI STRI BUTI ON AND EXTENT: Central and eastern North Dakota, and northeastern
Sout h Dakota. The soil is of npderate extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a
SERI ES ESTABLI SHED: Wells County, North Dakota, 1970.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nollic
epi pedon - the zone fromthe surface of the soil to a depth of 16 inches (Ap, E,
Btnl, and Btn2 horizons); the Bkyz horizon has the color but not the organic
matter content to be part of the nmollic epipedon; natric horizon - the zone from
7 to 16 inches (Btnl and Btn2 horizons); calcic horizon - the zone from22 to 36
i nches (Bk horizon).

ADDI TI ONAL DATA: Laboratory data for S49ND-38-1, S49ND-38-13, and 49ND- 48-14.

Nat i onal Cooperative Soil Survey
U S A
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LOCATI ON LEMERT ND

Est abl i shed Series
Rev. MDS- CIJH
10/ 98

LEMERT SERIES

The Lenert series consists of very deep, sonewhat poorly and moderately well

drai ned, slowy perneable soil that formed in noderately coarse textured

sedi nents overlying sand. These soils are on outwash and | ake plains and have

sl opes ranging fromO to 9 percent. Mean annual tenperature is 39 degrees F, and
mean annual precipitation is 18 inches.

TAXONOM C CLASS: Coarse-|oany, m xed, superactive, frigid Leptic Natrudolls

TYPI CAL PEDON: Lemert sandy |loam - on a slightly concave slope of less than 1
percent under grassland. (Colors are for nmpist soil unless otherw se stated
Where described the soil was npist throughout.)

A--0 to 3 inches; black (10YR 2/1) sandy |loam very dark gray (10YR 3/1) dry;
weak medi um granul ar structure; slightly hard, very friable, slightly sticky and
slightly plastic; many fine roots; neutral; abrupt snooth boundary. (1 to 10
i nches thick)

Bt1--3 to 7 inches; black (10YR 2/1) sandy |oam dark gray (10YR 4/1) dry;
strong medi um col umar structure parting to strong medi um subangul ar bl ocky;
extremely hard, firm sticky and plastic; conmmon fine roots; many thin clay
films on faces of peds and surface of pores; few pebbles up to 5 nmin size
strong effervescence; strongly al kaline; gradual wavy boundary.

Bt2--7 to 12 inches; very dark gray (10YR 3/1) sandy |oam dark gray (10YR
4/ 1) dry; strong medium prismatic structure parting to strong nedi um subangul ar
bl ocky; extrenely hard, firm sticky and plastic; few fine roots; commn thin
clay filnms on faces of peds; few coarse fragnments as nmuch as 5 mmin size; |ight
gray (10YR 7/1) diffuse carbonates on interior of peds; strong effervescence;
very strongly al kaline; clear wavy boundary. (Conbined Bt horizons 6 to 16
i nches thick)

Bky--12 to 17 inches; light gray (N 7/0) |loam white (N 8/0) dry; few fine
distinct light olive brown (2.5Y 5/6) nmottles; weak medium prismatic structure
parting to noderate medi um subangul ar bl ocky; hard, friable, sticky and plastic;
few fine roots; gray (N 5/0) coatings on faces of prisnms; few pebbles; few nests
of gypsum crystals; few nests of carbonates; violent effervescence; strongly
al kal i ne; gradual wavy boundary.

Bkyz--17 to 22 inches; |light brownish gray (2.5Y 6/2) loam |ight gray (N
7/0) dry; weak medium prismatic structure parting to weak nmedi um subangul ar
bl ocky; slightly hard, friable, sticky and plastic; few small roots; few
pebbl es; common fine salt and gypsumcrystals; few nests of carbonates; violent
ef fervescence; very strongly al kaline; clear wavy boundary. (Conmbined Bk
horizons 0 to 18 inches thick)
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2Cl1--22 to 49 inches; olive brown (2.5Y 4/4) coarse sand, |ight olive brown
(2.5Y 5/4) dry; single grain; |oose, nonsticky and nonpl astic; about 10 percent
gravel; slight effervescence; strongly al kaline; clear wavy boundary. (0 to 35
i nches thick)

3C2--49 to 60 inches; dark grayish brown (2.5Y 4/2) clay |oam |I|ight brownish
gray (2.5Y 6/2) dry; massive; hard, firm sticky and plastic; slight
ef fervescence; noderately al kal i ne.

TYPE LOCATI ON: Eddy County, North Dakota; about 10 niles east of New Rockford;
2540 feet north and 900 feet west of the southeast corner, sec. 36, T. 149 N.,
R. 65 W

RANGE | N CHARACTERI STI CS: The depth to sandy substratum ranges from 20 to 40
i nches.

The A horizon has hue of 10YR, value of 3 to 5 and 2 or 3 noist, and chrom of 1
or 2. It is sandy loamor fine sandy |loam Sonme pedons have an E horizon. It is
sandy | oam or fine sandy | oam

The Bt horizon has hue of 10YR or 2.5Y, value of 3 to 5 and 2 or 3 noist, and
chroma of 1 or 2. It is sandy loam fine sandy loam or loam It has strong
fine to coarse columar or prismatic structure.

The Bky horizon has hue of 2.5Y or 5Y or is neutral, value of 5to 8 and 4 to 7
nmoi st, and chroma of 3 or less. It is loamor sandy loam |t has a CaCO3
equi val ent of nore than 15 percent. Some pedons have Bkz, Bz or BC horizons.

The 2C horizon has hue of 10YR, 2.5Y or 5Y, value of 5to 7 and 4 to 6 nvist,
and chroma of 2 to 4. It is coarse sand, sand, |oany fine sand, or fine sand. In
some pedons the 2C horizon is stratified and crossbedded with fine sandy | oam or
| oanmy fine sand. It contains as nmuch as 20 percent gravel. Some pedons do not
have the 2C and 3C horizons, and have a fine sandy | oam C hori zon.

COWVPETI NG SERI ES: There are no other series in the famly. O her conpeting
series are the Desart, Ekal aka, Letcher, and M randa series. Desart, Ekal aka,
and Letcher soils do not have visible gypsumor salt crystals within depths of
16 inches. Mranda soils are fine-Ioany.

GEOGRAPHI C SETTING. Lenmert soils are on level to noderately sloping outwash and
| ake plains. Slopes gradients range fromO to 9 percent. The soils fornmed in
noderately coarse textured over coarse textured sedinments. The climte is cool
and subhum d. Mean annual tenperature ranges from 38 degrees to 45 degrees F,
and the nean annual precipitation from 16 to 22 inches. Mst of the noisture
falls in the spring and sumer.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the conpeting Letcher soils and the
Bi nford, Brantford, Enbden, Fordville, Renshaw, Stirum and Totten series.
Lemert soils comonly are in conplex with Letcher soils and are in the slightly
| ower depressions and swales. Stirum and Totten soils are on | ower areas of
outwash plains. These soils have an aquic noisture regine. In addition, Totten
soils are fine-loany over sandy or sandy skeletal. The Brantford, Binford,
Enbden, Fordville, and Renshaw soils do not have natric horizons, are on nearhby
outwash plains and are on higher |lying and better drained areas.

DRAI NAGE AND PERMEABI LI TY: Sonmewhat poorly and nmoderately well drained. Surface
runoff is slow Perneability is slowin the Bt horizon and noderately rapid or
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rapid in the 2C horizon. The somewhat poorly drai ned phase has a water table
within depths of 3 to 5 feet for a short tine in the spring and during | ong wet
seasons.

USE AND VEGETATION: Soils mainly are used for pasture and hay. Sone are cropped
to small grains. Native vegetati on was western wheatgrass, blue grama, inland
saltgrass, and a variety of forbs.

DI STRI BUTI ON AND EXTENT: Central, eastern and sout hwestern North Dakota. The
soil is of noderate extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a

SERI ES ESTABLI SHED: Eddy County, North Dakota, 1971.

REMARKS: Revi sed 5/90.

Di agnhostic horizons and features recognized in this pedon are: nollic epipedon -
the zone fromthe surface of the soil to a depth of 12 inches (A, Btl and Bt2
hori zons); natric horizon - the zone from3 to 12 inches ( Btl and Bt2

horizons); leptic criteria - visible gypsumin the 12 to 17 inch | ayer (Bky
hori zon).

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON LETCHER SD+ND

Est abl i shed Seri es
Rev. EHE- BOK
02/ 1999

LETCHER SERIES

The Letcher series consists of very deep, sonmewhat poorly or noderately well

drai ned soils forned in glacial outwash sedinments and in |oamy glacial till on
upl ands. Perneability is slowin the solum and noderate or noderately rapid in
the underlying material. Slopes range fromO to 6 percent. Mean annua

precipitation is about 19 inches, and mean annual tenperature is about 43
degrees F.

TAXONOM C CLASS: Coarse-loanmy, m xed, superactive, frigid Calcic Natrudolls

TYPI CAL PEDON: Letcher fine sandy |loam - on plane slope of less than 1 percent
under native vegetation. Wen described the soil was noist throughout. (Colors
are for dry soil unless otherw se stated.)

Al--0 to 8 inches; dark gray (10YR 4/1) fine sandy | oam black (10YR 2/1)
nmoi st; weak fine and medi um subangul ar bl ocky structure parting to weak fine and
medi um granul ar; slightly hard, very friable; strongly acid; clear snooth
boundary.

A2--8 to 12 inches; dark gray (10YR 4/1) sandy |oam black (10YR 2/1) noist;
weak medi um and coarse subangul ar bl ocky structure parting to very weak fine and
medi um granul ar; slightly hard, very friable; noderately acid; abrupt smooth
boundary. (Combined A horizons is 5 to 15 inches thick.)

E--12 to 15 inches; light brownish gray (10YR 6/2) sandy |oam very dark
grayi sh brown (10YR 3/2) moist; few fine faint mottles of yellow sh brown (10YR
5/6); weak fine and nmedi um subangul ar bl ocky structure parting to very thin
platy; slightly hard, very friable; neutral; clear wavy boundary. (0 to 10
i nches thick)

Btn--15 to 19 inches; dark grayish brown (10YR 4/2) sandy |oam very dark
grayi sh brown (10YR 3/2) npoist; strong very coarse colummar structure; extrenely
hard, firm 1ight brownish gray (10YR 6/2) coatings on tops of colums; neutral
cl ear smooth boundary. (3 to 11 inches thick)

Bt nk--19 to 25 inches; dark grayish brown (10YR 4/2) sandy |oam very dark
grayi sh brown (10YR 3/2) npoist; weak very coarse prismatic structure; hard, very
friable; comopn fine and medi um accunul ati ons of salt and carbonate; slight
ef fervescence; strongly al kaline; clear smoboth boundary. (0 to 12 inches thick)

BC--25 to 32 inches; grayish brown (10YR 5/2) sandy | oam very dark grayish
brown (10YR 3/2) nmoist; weak nedi um subangul ar bl ocky structure; hard, very
friable; few fine striations and accunul ati ons of carbonate; slight
ef fervescence; strongly al kaline; abrupt snooth boundary. (0 to 12 inches
t hi ck)

Ab--32 to 40 inches; gray (10YR 5/1) |l oam very dark gray (10YR 3/1) nvist;
weak medi um subangul ar bl ocky structure; very hard, firm few fine striations
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and accunul ati ons of carbonate; slight effervescence; strongly al kaline; abrupt
snoot h boundary.

Bkb--40 to 48 inches; dark gray (10YR 4/1) sandy |oam black (10YR 2/1)
moi st; weak fine and nmedi um subangul ar bl ocky structure; very hard, friable;
many fine striations and accunul ati ons of carbonate; strong effervescence;
strongly al kaline; abrupt snooth boundary. (Conbined Ab and Bkb horizons are 0
to 20 inches thick.)

C--48 to 60 inches; light brownish gray (2.5Y 6/2) and |light gray (2.5Y 7/2)
sandy | oam dark grayish brown (10YR 4/2) mpist; comon fine faint mottles of
reddi sh yellow (7.5YR 6/8) noist; massive; hard, friable; strong effervescence
strongly al kali ne.

TYPE LOCATI ON: Ednunds County, South Dakota; about 10 nmiles east and 9 mles
north of |pswi ch; 285 feet west and 120 feet north of the southeast corner of
sec. 6, T. 124 N., R 66 W

RANGE | N CHARACTERI STICS: The depth to free carbonates ranges from 10 to 25
i nches. Buried horizons of | oam or sandy |oam are in nost pedons and are
typically below 30 inches.

The A horizon has value of 3 to 5 and 2 or 3 noist, and chroma of 1.5 or 1.
Typically it is loam fine sandy | oam or sandy | oam but is |oamy sand and | oany
fine sand in sonme pedons. It is strongly acid to slightly al kaline

The E horizon has hue of 10YR or 2.5Y, value of 4 to 7 and 2 to 5 noist, and

chroma of 1 or 2. It is loany fine sand, fine sandy |loam or sandy loam It is
| acking in sone pedons when plowed. It ranges fromstrongly acid to slightly
al kal i ne.

The Btn horizon has hue of 10YR or 2.5Y, value of 4 or 5 and 3 or 4 npist, and
chroma of 2 or 3. It is sandy loam fine sandy | oam or |oam averaging |ess
than 18 percent clay and nmore than 15 percent fine or coarser sand. |t has
strong or noderate, coarse or very coarse, columar structure in the upper part,
but is prismatic when the upper part is disturbed by plowing. It typically has
accumul ati ons of carbonates and salts in the lower part. |t ranges from neutra
to strongly al kaline.

The BC horizon has hue of 10YR or 2.5Y, value of 4 to 6 and 3 or 4 noist, and

chroma of 2 or 3. It is sandy loam fine sandy |oam |oam or |oanmy sand. Sone
pedons do not have accunul ati ons of carbonates and some pedons have
accunul ations of salt. It ranges fromslightly to strongly al kaline. Sone

pedons do not have a BC hori zon.
Some pedons have a Bk horizon.

The C horizon has hue of 10YR, 2.5Y, or 5Y; value of 5to 7 and 3 to 6 noist;
and chroma of 1 to 4. Typically it is sandy |oamor fine sandy | oam but is | oam

or loany fine sand in sone pedons. It ranges fromslightly to strongly
al kaline. The C horizon typically has common or many nottles. Clay |oam
glacial till or loamy and clayey |acustrine sedinents are at depths between 40

and 60 inches in sonme pedons.

COWPETI NG SERIES: There are no other series in this fanmily. Oher sinlar
soils are Cathay, Desart, Ekal aka, Larson, Lemert, M randa, Noonan, Sorum
Stirum and Witel ake soils. Cathay soils do not have col umar structure and
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have a fine-l1oamy control section. Desart, Ekal aka, and Noonan soils have A
horizons with chroma greater than 1.5. |In addition, the Desart soils have

combi ned A and E horizons thicker than 20 inches and are well drained. Larson
M randa, Noonan, and Sorum soils have a fine-loany control section. Lemert soils
have a combi ned thickness of A and E horizons less than 5 inches and have
visible salt or gypsumcrystals within a depth of 16 inches. Stirum soils have
an aquic soil noisture regime. Witelake soils have a warmer soil tenperature
regi me.

GEOGRAPHI C SETTI NG. Letcher soils are on nearly level to undul ating, outwash,

delta, and till plains. Surfaces are plain or slightly humocky, and sl ope
gradients range fromO to 6 percent. The soil formed in sandy and | oany gl acia
outwash materials and in loany glacial till. Mean annual tenperature ranges from

34 to 45 degrees F, and nean annual precipitation ranges from 14 to 21 inches.
Growi ng season is about 120 to 130 days; average grow ng season precipitation
from 13 to 18 inches; and growi ng degree days are about 2600 to 3000.

GEOGRAPHI CALLY ASSCCI ATED SO LS: These are the conpeting Larson, Lerert,

M randa, and Noonan soils and Parshall soils. Larson and Noonan soils are on
sim lar |andscapes. Lemert soils are in slight depressions and swales. M randa
soils are on simlar |andscapes and are in the lows of the mcrorelief.

Parshall soils do not have a natric horizon and are on convex positions above
the Letcher soils.

DRAI NAGE AND PERMEABI LI TY: Somewhat poorly or noderately well drained. Surface
runoff is lowto high. Perneability is slowin the Btn horizon and noderate or
noderately rapid in the underlying material. A tenporary water table is at a
depth of 3.5 to 6 feet in the spring of npbst years.

USE AND VEGETATION: Used for pasture, hay, and small grain. Native vegetation
includes little bluestem needl eandthread, prairie sandreed, western wheatgrass,
bl ue grama, big bluestem prairie junegrass, and sedges.

DI STRI BUTI ON AND EXTENT: North-central and northeastern South Dakota and
central and eastern North Dakota. It is noderately extensive.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a
SERI ES ESTABLI SHED:  Spi nk County, South Dakota, 1955.

REMARKS: Di agnostic horizons and features recognized in this pedon are: mollic
epi pedon - the zone fromthe surface of the soil to a depth of about 12 inches
and from 15 to 32 inches (Al, A2, Btn, Btnk, BC horizons); albic horizon- the
zone from 12 to 15 inches (E horizon); argillic (natric) horizon - the zone from
about 15 to 25 inches (Btn, Btnk horizons).

Nati onal Cooperative Soil Survey
U. S A
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LOCATI ON LI NDAAS ND+WN

Est abl i shed Seri es
Rev. NDP- CJH
11/ 96

LINDAAS SERIES

The Lindaas series consists of very deep, poorly drained, slowy perneable soils
that formed in glacial |ake sedinments or local alluviumfromglacial till

These soils are in shall ow depressions and on broad flats on glacial |ake
plains, till plains and norai nes. They have slopes of 0 to 2 percent. Mean
annual air tenperature is 40 degrees F, and mean annual precipitation is 19

i nches.

TAXONOM C CLASS: Fine, snmectitic, frigid Typic Argiaquolls

TYPI CAL PEDON: Lindaas silty clay loam - on a concave slope of less than 1
percent under cropland. (Colors are for npoist soil unless otherw se stated.
Wher e described, the soil was mpist throughout.)

Ap--0 to 7 inches; black (10YR 2/1) silty clay loam very dark gray (10YR
3/1) dry; weak medi um subangul ar bl ocky structure parting to noderate fine
granul ar; hard, friable, sticky and plastic; comon fine roots; comon pores;
neutral; abrupt smooth boundary.

A--7 to 15 inches; black (10YR 2/1) silty clay |oam very dark gray (10YR
3/1) dry; weak coarse subangul ar blocky structure parting to noderate nedium
platy; hard, friable, sticky and plastic; common fine roots; conmon pores;
neutral; clear wavy boundary. (Conbined A horizon 9 to 17 inches)

Bt--15 to 27 inches; very dark gray (10YR 3/1) silty clay, dark gray (10YR
4/ 1) dry; noderate nedium prismatic structure parting to noderate fine bl ocky;
hard, firm very sticky and very plastic; few fine roots; few pores; organic
stains and clay films on faces of prisnms and pores; slightly alkaline; clear
irregular boundary. (10 to 20 inches thick)

Bk--27 to 37 inches; light brownish gray (2.5Y 6/2) silty clay |oam |ight
gray (2.5Y 7/2) dry; few fine distinct very dark gray (10YR 3/1) and yell ow sh
brown (10YR 5/4) redox concentrations; weak coarse prismatic structure; slightly
hard, friable, sticky and plastic; violent effervescence; noderately al kaline;
gradual wavy boundary. (0 to 12 inches thick)

Cg--37 to 60 inches; light olive gray (5Y 6/2) silt loam |ight gray (5Y 7/2)
dry; few fine distinct very dark gray (10YR 3/1) and many nedi um prom nent
strong brown (7.5YR 5/6) redox concentrations; weak very coarse prismatic
structure parting to weak nmedium platy; slightly hard, friable, slightly sticky
and slightly plastic; slight effervescence; noderately al kaline.

TYPE LOCATION: Traill County, North Dakota; about 6 miles south and 8 mles
east of Hillsboro; 1,745 feet west and 290 feet north of the southeast corner,
sec. 4, T. 144 N., R 49 W
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RANGE | N CHARACTERI STICS: The depth to carbonates ranges from 18 to 35 inches.
The mol lic epipedon is nore than 16 inches thick and may include part or all of
the Bt horizon. LE is less than 6 cmin the upper neter.

The A horizon has hue of 10YR, 2.5Y or is neutral, value of 2 or 3, and chroma
of 2 or less. It is silt loam clay loamor silty clay |loam averaging 25 to 35
percent clay. It is neutral

The Bt horizon has hue of 10YR, 2.5Y or 5Y, value of 3 to 5, and chroma of 1 or

2. It is silty clay or clay ranging from 35 to 60 percent clay. It is neutra
or slightly alkaline. Clean sand and silt grains coat faces of peds in sone
pedons. In some pedons the | ower part of the Bt horizon contains carbonates or

di stinct redox features or both.

The Bk horizon has hue of 2.5Y or 5Y, value of 4 to 6, and chroma of 1 to 3. It
has distinct or pronm nent redox features and is silt loamor silty clay | oam
It is slightly al kaline or noderately al kaline.

The Cg horizon has hue of 2.5Y or 5Y, value of 5 to 7, and chroma of 1 to 4. It
is silt loam clay loamor silty clay loam In sone pedons clayey material is
bel ow a depth of 40 inches. The C horizon is slightly alkaline or noderately

al kal i ne.

COVPETI NG SERI ES: These are the Badger and Parnell series. These soils have
carbonates at depths of 35 to 80 inches. |In addition, Parnell soils generally
have thicker sola and Bt horizons with | ower color values and are very poorly
dr ai ned.

GEOGRAPHI C SETTI NG: Lindaas soils are in shall ow depressions and on broad flats
on glacial |ake plains, till plains and noraines. Slope gradients are 0 to 2
percent. The soils formed in calcareous silt loam clay loamand silty clay

| oam gl aci al | ake sedinents or local alluviumfromtill. Mean annual air
tenperature is 36 to 45 degrees F, and the nean annual precipitation is 19 to 27
i nches. Most of the nmoisture falls in the spring and summer. Frost-free period
ranges from 90 to 135 days. Elevation above sea |evel ranges from 650 to 1600
feet.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Bearden, Colvin, Enloe, Overly
and Perella soils. Bearden, Colvin, Overly and Perella soils do not have
argillic horizons and are fine-silty. |In addition, Bearden and Colvin soils
have a calcic horizon within a depth of 16 inches. Bearden soils are sonmewhat
poorly drained. Overly soils are noderately well drained. Enloe soils have
al bic horizons. All the associated soils are above the Lindaas soils on the

| andscape.

DRAI NAGE AND PERMEABI LI TY: Poorly drained. Runoff is ponded. Perneability is
sl ow.

USE AND VEGETATION: Cropped to small grains, row crops and | egunes. The
original vegetation was tall prairie grasses

DI STRI BUTI ON AND EXTENT: Eastern North Dakota and western M nnesota. The
series i s extensive.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a

SERI ES ESTABLI SHED: Traill County, North Dakota, 1974.
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REMARKS: Di agnostic horizons and features recognized in this pedon are: nollic
epi pedon - the zone fromthe surface of the soil to a depth of 27 inches (Ap, A
and Bt horizons); argillic horizon - the zone from 15 to 27 inches (Bt horizon);
features associated with wetness; chroma of 1 in the |ower part of the nmollic
epi pedon (Bt horizon) and value of 4 or nmore noist, hue of 2.5Y, chroma of 2,
and di stinct redox concentrations i nmediately below the nmollic epi pedon (Bk

hori zon).

Nati onal Cooperative Soil Survey
U S. A
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LOCATI ON LI SMORE SD+MN ND

Est abl i shed Seri es
Rev. MAS- KFM- BOK
04/ 1999

LISMORE SERIES

The Lisnmore series consists of very deep, noderately well drained soils forned

in silty sedinents over glacial till on uplands. Perneability is noderate in
the upper part and noderately slow in the glacial till. Slope ranges fromO to
6 percent. Mean annual tenperature is 44 degrees F, and nean annua

precipitation is 23 inches.
TAXONOM C CLASS: Fine-1oanmy, m xed, superactive, frigid Aquic Cumulic Hapludolls

TYPI CAL PEDON: Lisnmore silty clay loam- on a concave slope of 1 percent in a
cultivated field. When described the soil was npist throughout. (Colors are
for dry soil unless otherw se stated.)

Ap--0 to 8 inches; very dark gray (10YR 3/1) silty clay | oam black (10YR
2/1) noist; weak fine granular structure; very hard, friable, slightly sticky,
slightly plastic; slightly acid; abrupt snmooth boundary.

A--8 to 17 inches; very dark gray (10YR 3/1) silty clay |loam black (10YR
2/ 1) noist; weak coarse prismatic structure parting to weak medi um subangul ar
bl ocky; hard, friable, slightly sticky and slightly plastic; slightly acid;
cl ear wavy boundary. (Conbined A horizons is 10 to 20 inches thick.)

2Bwl--17 to 24 inches; dark gray (10YR 4/1) clay |loam black (10YR 2/1)
nmoi st; weak medi um prismatic structure parting to noderate nmedi um subangul ar
bl ocky; hard, friable, slightly sticky and slightly plastic; many worm casts and
channels of |ight olive brown (2.5Y 5/4); neutral; gradual wavy boundary.

2BwW2--24 to 32 inches; light olive brown (2.5Y 5/4) clay | oam dark grayish
brown (2.5Y 4/2) moist; few fine faint nottles of light gray (10YR 6/1); weak
medi um subangul ar bl ocky structure; slightly hard, friable, slightly sticky and
slightly plastic; few worm casts of dark gray (10YR 4/1); slight effervescence
in spots; slightly al kaline; clear wavy boundary. (Conbined 2Bw horizons is 10
to 24 inches thick.)

2Bk--32 to 48 inches; |ight brownish gray (2.5Y 6/2) clay loam 1light olive
brown (2.5Y 5/4) moist; common fine distinct nottles of light olive brown (2.5Y
5/6) and light gray (10YR 6/1) noist; weak medi um and coarse subangul ar bl ocky
structure; hard, friable, slightly sticky and slightly plastic; common fine
accunul ati ons of carbonate; violent effervescence; slightly al kaline; gradua
wavy boundary. (0 to 30 inches thick)

2C--48 to 60 inches; light brownish gray (2.5Y 6/2) clay loam |Iight olive
brown (2.5Y 5/4) npoist; conmon fine faint nmottles of light yellow sh brown (2.5Y

6/4), light olive brown (2.5Y 5/6), and |ight gray (10YR 6/1) noist; massive;
hard, friable; few nmedium and fine accumul ati ons of carbonate; few fine
concretions of lime, violent effervescence; slightly alkaline.
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TYPE LOCATI ON:  Brooki ngs County, South Dakota; about 4 mles west and 1 nmile
south of El kton; 2600 feet south and 135 feet east of northwest corner, sec. 26,
T. 109 N., R 48 W

RANGE | N CHARACTERI STICS: Depth to carbonate typically is greater than 20

i nches, but some pedons have cal careous spots at shall ower depths due to worm
activity. The thickness of the silty surface |layer ranges from 10 to 20 inches.
Most pedons have slight or noderate wormactivity in the solum The thickness
of the nollic epipedon typically is 20 to 25 inches, but ranges from 16 to 30

i nches or more and extends into the 2Bw hori zon.

The A horizon has hue of 10YR, value of 3 or 4 and 2 or 3 noist, and chroma of

less than 1.5. It has a chroma of 2 in the |ower part of sone pedons. It is
silty clay loamor silt | oamcontaining | ess than 15 percent fine sand or
coarser. It is slightly acid or neutral

Some pedons have a Bw horizon sinmlar in texture to the A horizon. |t has hue

of 10YR, value of 3 or 4 and 2 or 3 noist, and chroma of 2 or |ess.

The 2Bw horizon has hue of 10YR or 2.5Y, value of 3 to 6 and 2 to 4 npist, and
chroma of 1 to 4. It is clay loamor |loamand is neutral or slightly alkaline

The 2Bk horizon has color of the C horizon. It is clay loamor loamand is
slightly al kaline or noderately alkaline.

The C horizon has hue of 2.5Y or 5Y, value of 5 or 6 and 4 or 5 nvist, and
chroma of 2 to 4. It is clay loamor loamand is slightly al kaline or
noderately alkaline. It has commn or many, faint through prom nent nmottles.

COWPETI NG SERI ES: These are the Aastad, Darnen, Delette, Lankin, Svea, and

Wal sh series in the same fam |y and the Athelwol d, Beotia, Brookings, Fordville,
Overly, Spottswood, Tara, Vienna, Vang, and Waubay series. Aastad, Darnen,

Del ette, Lankin, and Svea soils contain nore fine sand or coarser in the upper

part of the sola. In addition, Darnen and Delette soils forned in alluvial-

col luvial sedinents and Lankin soils formed in lacustrine sediments over gl acia
till. Walsh soils formed in alluviumderived fromshale or glacial till

contai ning a high amunt of shale. Athelwold soils are fine-silty over sandy or
sandy-skel etal. Beotia, Brookings, Overly, Tara, and Waubay are fine-silty.
Fordville, Spottswood, and Vang soils are fine-loany over sandy or sandy
skeletal. Vienna soils have nollic epipedons |ess than 16 inches thick.

GEOGRAPHI C SETTING: Lisnmore soils are on nearly level to gently sloping upland
flats and in upland swales in glacial till plains. Surfaces are plane or
concave. Slope gradients typically are less than 2 percent but range to 6
percent. These soils formed in 10 to 20 inches of silty mantle over gl aci al
till. Mean annual tenperature ranges from 39 to 48 degrees, and nean annual
precipitation from 16 to 24 inches.

GEOGRAPHI CALLY ASSCCI ATED SO LS: These are the conpeting Athel wol d, Brookings,
Fordville, and Vienna soils and the Kranzburg and Leota soils. Athelwold and
Brookings soils are on sinmilar positions in the |andscape. Fordville and Vienna
soils are on higher nearby | andscapes. Kranzburg soils are fine-silty and are
in nearby | andscapes. Leota soils are sonewhat poorly drained and in sinlar
positions as Lisnore soils.

DRAI NAGE AND PERMEABI LI TY: Moderately well drained; surface runoff is lowto
medi um noderate perneability in the solum and noderately slow in the underlying
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glacial till. 1t has seasonal water table at depths between 3 to 6 feet in the
spring. Sone areas are flooded for short periods by runoff from adjacent

sl opes.

USE AND VEGETATI ON: Mbst areas cropped to corn, small grain or alfalfa.

DI STRI BUTI ON AND EXTENT: Northeastern South Dakota and adjoi ni ng parts of
M nnesota. It is of noderate extent.

MLRA OFFI CE RESPONSI BLE: St. Paul, M nnesota
SERI ES ESTABLI SHED: Br ooki ngs County, South Dakota, 1956
REMARKS: Di agnostic horizons and features recognized in this pedon are: nmollic

epi pedon - the zone fromthe surface of the soil to a depth of about 24 inches
(Ap, A, 2Bwl horizons).

Nati onal Cooperative Soil Survey
U. S A
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LOCATI ON LOHNES ND+WN

Est abl i shed Seri es
CIH
06/ 1999

LOHNES SERIES

The Lohnes series consists of very deep, well drained, rapidly permeable soils
that formed in coarse and nmedi um sands. These soils are on glacial |ake and
outwash plains and have slopes ranging fromO to 15 percent. Mean annual air
tenperature is 39 degrees F, and nmean annual precipitation is 18 inches.

TAXONOM C CLASS: Sandy, mnmixed, frigid Entic Hapludolls

TYPI CAL PEDON: Lohnes | oanmy coarse sand--native grass. (Colors are for dry
soil unless otherw se stated)

A--0 to 16 inches; very dark gray (10YR 3/1) |oany coarse sand, black (10YR
2/ 1) noist; weak subangul ar bl ocky structure; soft, very friable, slightly
sticky and nonplastic; many fine roots; neutral; gradual wavy boundary. (10 to
20 inches thick)

AC--16 to 30 inches; dark grayish brown (10YR 4/2) |oany coarse sand, very
dark brown (10YR 2/2) nmoist; weak medi um and fine subangul ar bl ocky structure;
| oose, very friable, slightly sticky and nonplastic; common roots; neutral;
gradual wavy boundary. (0 to 20 inches thick)

Cl--30 to 47 inches; brown (10YR 5/3) coarse sand, dark brown (10YR 4/3)
noi st; single grain; few fine faint dark yellow sh brown (10YR 4/4)
redoxi norphic concentrations in the |lower part; |oose, nonsticky and nonpl astic;
few very fine roots; slightly alkaline; gradual wavy boundary.

C2--47 to 60 inches; grayish brown (2.5Y 5/2) coarse sand, dark grayish
brown (2.5Y 4/2) moist; common fine faint dark yell owi sh brown (10YR 4/ 4)
redoxi norphi c concentrations in upper part, and common fine distinct brownish
yel l ow (10YR 6/6) redoxi norphic concentrations in |ower part; single grain;
| oose, nonsticky and nonplastic; strong effervescence; noderately al kaline.

TYPE LOCATI ON: Eddy County, North Dakota; about 2 1/2 nmiles south and 1/2 nile
east of Hamar; 2340 feet north and 75 feet west of the southeast corner, sec.
22, T. 150 N., R 62 W

RANGE | N CHARACTERI STICS: The nollic epi pedon commonly is nore than 14 inches
thick but ranges from 10 to 20 inches in thickness. The 10- to 40- inch contro
section typically is coarse sand, sand, |oany sand, or |oany coarse sand. |t
averages up to 5 percent by volune coarse fragments, nost of which are 2 to 10
mmin dianeter. Depth to carbonates ranges from nore than 10 inches to | ess
than 60 inches.

The A horizon has hue of 10YR, value of 3 to 5 and 2 or 3 moist, and chroma of

1. Chroma of 2 is allowed below a depth of 7 inches. The A horizon is coarse
sand, sand, |oany coarse sand, |oany sand, coarse sandy |oam or sandy | oam The
A and AC horizons are neutral or slightly alkaline
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Some pedons have a Bw horizon with textures of coarse sand, sand, |oamy coarse
sand or | oany sand.

The C horizon has hue of 10YR or 2.5Y, value of 4 to 7 and 3 to 6 noist, and

chroma of 2 to 4. It has few or common redoxi norphic features below 40 inches
in some pedons. It is coarse sand, sand, |oany coarse sand or |oany sand. It
is slightly alkaline or noderately alkaline. A thin dark colored layer is bel ow
depths of 30 inches in sonme pedons. Sone pedons have |oany glacial till bel ow

dept hs of 40 inches.

COWPETI NG SERI ES: These are the Hubbard, Kost, Maddock and Sandberg soils.
Hubbard and Kost soils do not have carbonates within a depth of 60 inches. In
addi tion, Hubbard soils are neutral or acid throughout. Kost and Maddock soils
have | ess than 30 percent nedium sand and coarser. Sandberg soils have 2 to 35
percent rock fragments in the series control section.

GEOGRAPHI C SETTI NG: Lohnes soils conmonly are on | evel concave areas on gl acia
| ake plains and outwash plains. Slope gradients typically are less than 2
percent but range to 15 percent. The soils formed in poorly sorted coarse and
medi um sands of m xed m neral ogy. The nean annual air tenperature ranges from
38 to 45 degrees F, and nmean annual precipitation ranges from 15 to 22 inches.
Three-fourths of the precipitation falls during the grow ng season.

GEOGRAPHI CALLY ASSCCI ATED SO LS: These are the conpeting Maddock soils and the
Claire and Hecla soils. Claire soils are on the slightly higher positions in
the | andscape. They do not have a nollic epipedon. Hecla and Maddock soils are
on nearby | ake and outwash plains. Hecla soils have redoxinorphic features

hi gher in the profile.

DRAI NAGE AND PERMEABI LI TY: Well drai ned. Runoff is slow or medi um
Pernmeability is rapid.

USE AND VEGETATION: Mainly pasture and range. Limted cultivation to grow
smal | grains. Native vegetation is tall prairie grasses.

DI STRI BUTI ON AND EXTENT: Nort h-central and eastern North Dakota and western
M nnesota. The soil is of |large extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a
SERI ES ESTABLI SHED: Eddy County, North Dakota, 1971.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nmollic
epi pedon - the zone fromthe surface of the soil to a depth of 16 inches (A
horizon); the AC horizon has the color for nmollic epipedon but not the organic
matter content.

ADDI Tl ONAL DATA: Laboratory data is available on the follow ng profiles:
S59ND- 14- 2, S60ND- 14-2, and S57ND- 37-5.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON LUDDEN ND+MN SD

Est abl i shed Series
Rev. CJH
2/ 97

LUDDEN SERIES

The Ludden series consists of very deep, poorly or very poorly drained, slowy
perneabl e soils that formed in clayey alluvium These soils are on floodpl ains
of streans and have slopes of 0 to 1 percent. Mean annual air tenperature is 42
degrees F, and nmean annual precipitation is 18 inches.

TAXONOM C CLASS: Fine, snectitic, frigid Typic Endoaquerts

TYPI CAL PEDON: Ludden clay - in a level cultivated field. (Colors are for
noi st soil unl ess otherw se stated)

Ap--0 to 5 inches; black (10YR 2/1) clay, dark gray (N 4/0) dry; noderate
medi um subangul ar bl ocky structure parting to noderate very fine angul ar bl ocky;
extrenmely hard, firm sticky and very plastic; slight effervescence; slightly
al kal i ne; abrupt snooth boundary.

A--5 to 14 inches; black (10YR 2/1) clay, dark gray (N 4/0) dry; npderate
medi um angul ar bl ocky structure; extremely hard, firm sticky and very plastic;
slight effervescence; slightly alkaline; gradual smooth boundary. (Conbined A
hori zons thickness 5 to 20 inches)

Bw--14 to 30 inches; black (10YR 2/1) clay, dark gray (N 4/0) dry; noderate
medi um angul ar bl ocky structure; extrenely hard, firm sticky and very plastic;
common gypsum crystals in the | ower part; comon nedi um masses of carbonate;
slight effervescence; noderately al kaline; gradual wavy boundary. (0 to 30
i nches thick)

Cgl--30 to 46 inches; dark gray (5Y 4/1) clay, dark gray (N 4/0) dry; nassive
with varves; extrenely hard, firm sticky and very plastic; many nedi um nmasses
of carbonate; strong effervescence; noderately al kaline; gradual smooth
boundary.

Cg2--46 to 60 inches; very dark gray (5Y 3/1) clay, gray (5Y 5/1) dry;
massive with varves; extrenely hard, firm sticky and very plastic; commn snai
shells; common coarse masses of carbonate; strong effervescence; noderately
al kal i ne.

TYPE LOCATI ON: Dickey County, North Dakota; 50 feet north and 50 feet east of
t he sout hwest corner, sec. 32, T. 131 N, R 59 W

RANCGE | N CHARACTERI STICS: The nollic epi pedon ranges from24 to 48 inches in
thi ckness. The 10- to 40-inch particle size control section is silty clay, clay
or silty clay | oam averagi ng between 35 and 60 percent clay. Sone pedons have
an O horizon. Saline phases are recognized.

The A horizon has hue of 10YR, 2.5Y, 5Y, or is neutral, value of 2 or 3, 3 to 5
dry, and chroma of 1 or less. It is a clay, silty clay or silty clay loam It
is slightly acid to noderately al kaline. Sone pedons have an Ab hori zon.
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The B horizon has hue of 10YR, 2.5Y, 5Y, or is neutral, value of 2 to 4 and 4 to
6 dry, and chroma of 2 or less. It is clay, silty clay or silty clay loam It
is noderately al kaline. Some pedons have Bkyg, Bzg, Byg, Bss or Bssy horizons.

The Cg horizon has hue of 2.5Y, 5Y, or is neutral, value of 2 to 5 and 3 to 7
dry, and chroma of 2 or less. It is clay or silty clay. It is clay |oam bel ow
40 inches in sone pedons. It is noderately al kaline

COWPETI NG SERIES: These are the Gold Creek and Grano series as previously
classified. Gold Creek soils are strongly al kaline or very strongly al kaline
and have 15 to 30 percent exchangeable sodium Grano soils have mollic

epi pedons | ess than 24 inches thick

GEOGRAPHI C SETTING: The soil is on |low, |evel floodplains of streans. Slope
ranges fromO to 1 percent. Ludden soils formed in clay alluviumthat was
deposited slowy and the organic matter enrichment of the soil kept pace with
the rate of deposition. Mean annual precipitation is 15 to 23 inches and nean
annual air tenmperature is 36 to 45 degrees F.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Lanpure, La Prairie and Ryan
soils on adjacent floodplains, |evees, and low terraces. La Prairie soils are
fine-loany and are on slightly higher, better drained areas. Lanpoure soils have
less clay and nmore silt. Ryan soils have a natric horizon

DRAI NAGE AND PERMEABI LI TY: Poorly or very poorly drained. Runoff is negligible
to low. Perneability is slow. These soils are flooded and water ponds on them
for brief periods. An apparent seasonal high water table is at a depth of 0.5
foot above the surface to 1.5 feet below the surface at sone tinme during the
period of March through July in the poorly drained phase. It is at a depth of
0.5 foot above the surface to 1.0 foot below the surface at sone tine during the
peri od of November through July in the very poorly drained phase. It is at a
depth of 2 feet above the surface to 1 foot below the surface at sone tine
during the period of Novenmber through July in the ponded phase.

USE AND VEGETATION: Mostly cropped to small grains, hay and pasture. Native
grasses are big bluestem green needl egrass, western wheatgrass and other tal
grasses.

DI STRI BUTI ON AND EXTENT: These soils are extensive. They are adjacent to
| arger drai nageways in central and eastern North Dakota, northeastern South
Dakota and east-central M nnesota.

M_LRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a

SERI ES ESTABLI SHED: Lanmoure County, North Dakota, 1970.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nollic
epi pedon - the zone fromthe surface of the soil to a depth of 30 inches (Ap, A
and Bw horizons); Vertisol criteria - cracks greater than 1 cm wi de to depth of

greater than 50 cmduring dry periods; the site will be redescribed in the
future to better docunent other Vertisol criteria.

ADDI TI ONAL DATA: North Dakota State University Agr. Exp. Sta. sanple nunbers:
S64ND- 9- 2, S63ND-11-56, S60ND-11-119, S59ND-23-73, and S63ND- 23-1.

Nat i onal Cooperative Soil Survey
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LOCATI ON MADDOCK ND+MN SD

Est abl i shed Seri es
Rev. LEE-CJH
10/ 98

MADDOCK SERIES

The Maddock series consists of very deep, well drained or sonewhat excessively
drai ned, rapidly perneable soils that formed in fine sands deposited by wi nd or
water. These soils are on sandy gl aci ol acustrine or glaciofluvial, outwash and
delta plains and have sl opes ranging fromO to 35 percent. Mean annual air
tenmperature is 42 degrees F, and mean annual precipitation is 20 inches.

TAXONOM C CLASS: Sandy, mixed, frigid Entic Hapludolls

TYPI CAL PEDON: Maddock | oany fine sand - on a 4 percent west facing slope in
native grassland. (Colors for nmpist soil unless otherw se stated)

A--0 to 10 inches; black (10YR 2/1) |l oamy fine sand, very dark gray (10YR
3/1) dry; weak fine granular structure parting to single grain; |oose; nonsticky
and nonpl astic; many very fine and few fine roots; neutral; clear wavy boundary.
(6 to 16 inches thick)

Bw--10 to 14 inches; dark brown (10YR 3/3) fine sand, brown (10YR 4/3) dry;
single grain; |oose; nonsticky and nonplastic; conmmon very fine roots; neutral
cl ear wavy boundary. (0 to 22 inches thick)

Cl--14 to 26 inches; dark yellowi sh brown (10YR 3/4) fine sand, dark
yel |l owi sh brown (10YR 4/4) dry; single grain; |oose; nonsticky and nonpl asti c;
common very fine roots; neutral; clear wavy boundary.

C2--26 to 43 inches; dark yellow sh brownish (10YR 4/4) fine sand, yellow sh
brown (10YR 5/4) dry; single grain; |oose; nonsticky and nonpl astic; few very
fine roots; slightly alkaline; gradual wavy boundary.

C3--43 to 60 inches; dark yellowi sh brownish (10YR 4/4) fine sand, yellow sh
brown (10YR 5/4) dry; few fine faint dark yellow sh brown (10YR 3/4) nottles;
singl e grain; |oose; nonsticky and nonplastic; slightly alkaline.

TYPE LOCATI ON: Ransom County, North Dakota; 1,220 feet west and 150 feet north
of southeast corner, Sec. 24, T. 135 N, R 54 W

RANGE | N CHARACTERI STICS: The 10- to 40-inch particle-size control section is
typically fine sand or | oanmy fine sand, but in sone pedons it is |oany sand or
sand with |l ess than 30 percent nedium and coarse sand. It has less than 5
percent rock fragments. The depth to carbonates ranges fromO to nore than 60

i nches. The carbonates commonly are diffused. The nollic epipedon ranges from
7 to 16 inches in thickness.

The A horizon has hue of 10YR, value of 2 or 3 and 3 to 5 dry, and chrom of 1
or |ess; however, chroma of 2 is allowed in the Iower part. It is loany fine
sand, fine sandy | oam sandy |loam |oam fine sand or |oany sand. Were A
horizon is fine sandy | oam sandy | oam or |oam the thickness ranges from4 to 9
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i nches. The A horizon is slightly acid to slightly alkaline. Some pedons have
an AC hori zon.

The Bw horizon has hue of 10YR, value of 2 to 5 and 4 to 6 dry, and chroma of 2
to 4. It is fine sand, loany fine sand or |loany sand. It is slightly acid to
noderately al kaline. Sone pedons have a Bk or BC horizon

The C horizon has hue of 2.5Y or 10YR, value of 3 to 6 and 4 to 7 dry, and
chroma of 2 to 4. It is fine sand, |oany fine sand, |oanmy sand or sand. It has
a smal |l amount of fine gravel is in some pedons. It is slightly acid to
noderately al kaline. Below depths of 40 inches the texture ranges fromsand to
clay | oam

COVPETI NG SERI ES: These are the Hubbard, Kost and Lohnes series. Hubbard and
Kost soils are substantially wetter in the soil moisture control section during
the 120 days following the summer solstice. Hubbard and Lohnes soils contain
nore than 30 percent nmedi um and coarser sand.

GEOGRAPHI C SETTI NG: Maddock soils are on level to steep sandy gl aci ol acustri ne
or glaciofluvial, outwash and delta plains, some of which have been wi nd worked.
Sl ope gradients range fromO to 35 percent. The soil formed in fine sands
deposited by wind or water. The nmean annual air tenperature ranges from about
37 to 48 degrees F, and nean annual precipitation fromabout 15 to 24 inches.
Three-fourths of the rainfall is in the spring and sumer. Frost-free period
ranges from 105 to 140 days. Elevation above sea | evel ranges from 650 to 2350
feet.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the conpeting Lohnes soils and the
Hamar, Hecla, Sverdrup and Venlo soils. Lohnes soils are on the foot slopes and
concave positions. Hamar soils are on the |ower, somewhat poorly and poorly
drai ned areas. Hecla soils are on nore level and slightly concave parts of the
| andscape and in sone areas are in conplex with Maddock soils. They have a

hi gher water table. Sverdrup soils are on simlar positions as Maddock soils.
They have a canbic horizon. Venlo soils are in the | owest basins and swal es and
are very poorly drained.

DRAI NAGE AND PERMEABI LITY: Well drained or somewhat excessively drained
Rapi dly perneable. Runoff is negligible or very |ow dependi ng on sl ope.

USE AND VEGETATION: Cultivated areas are used for growi ng small grains, corn,
hay and pasture. Native vegetation is tall and md prairie grasses as prairie
sandreed, needl eandthread, sone sedges, and forbs.

DI STRI BUTI ON AND EXTENT: Eastern North Dakota, northeastern South Dakota and
western M nnesota. The soil is extensive.

MLRA OFFI CE RESPONSI BLE: Bismarck, North Dakota
SERI ES ESTABLI SHED: Cl ay County, South Dakota, 1953.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nmollic
epi pedon - zone fromthe surface of the soil to a depth of 10 inches (A

hori zon); Bw horizon has the color but not the organic matter content to be

nmol lic.

ADDI TI ONAL DATA: Laboratory sanple number S54NDak-39-1 in Soil Survey
I nvestigation Report No. 2, p. 154.
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LOCATI ON MARYSLAND MN+ND SD

Est abl i shed Seri es
Rev. HRF- AGG
04/ 2000

MARYSLAND SERIES

The Marysl and series consists of very deep, poorly and very poorly drained soils
that fornmed in glacial |acustrine, alluviumor outwash sedi ments which consists
of a 20 to 40 inch | oamy mantl e over sandy or sandy-skel etal sedinments. These
soils are on streamterraces, outwash channels, outwash plains, flood plains and
| ake plains. They have noderate perneability in the upper part and rapid
pernmeability in the underlying material. Slopes range fromO to 2 percent.

Mean annual air tenperature is about 43 degrees F. Mean annual precipitation is
about 22 inches.

TAXONOM C CLASS: Fine-loanmy over sandy or sandy-skeletal, m xed, superactive,
frigid Typic Calciaquolls

TYPI CAL PEDON: Marysland loamwith a plane |evel slope on a glacial |ake plain
in a meadow. (Colors are for mpist conditions unless otherw se stated.)

A--0 to 9 inches; black (10YR 2/1) loam dark gray (10YR 4/1) dry; weak
medi um subangul ar bl ocky structure; very friable; many roots; slightly
ef fervescent; noderately al kaline; abrupt wavy boundary. (6 to 15 inches thick)

Ak--9 to 12 inches; black (10YR 2/1) | oam dark gray (10YR 4/1) dry; weak
fine granular structure; very friable; many roots; dissenm nated cal ci um
carbonate; strongly effervescent; noderately al kaline; abrupt wavy boundary. (O
to 20 inches thick)

Bkgl--12 to 15 inches; olive gray (5Y 4/2) |oam weak fine subangul ar bl ocky
structure; very friable; few roots; many fine faint olive gray (5Y 5/2) and dark
gray (5Y 4/1) Fe depletions; dissem nated cal ci um carbonate; strongly
ef fervescet; noderately al kaline; clear irregular boundary.

Bkg2--15 to 20 inches; olive gray (5Y 4/2) |loam weak fine and nmedi um
subangul ar bl ocky structure; very friable; few dark brown (10YR 4/3) coatings in
root channels; few fine prom nent olive yellow (2.5Y 6/6) Fe concentrations; few
smal | soft lime masses; strongly effervescent; noderately al kaline; clear wavy
boundary.

Bkg3--20 to 27 inches; light olive gray (5Y 6/2) |oam weak nmedi um and fine
subangul ar bl ocky structure; friable; few grayish brown (2.5Y 5/2) root channel
fillings; few fine promi nent olive yellow (2.5Y 6/6) Fe conncentrations; few
smal | |ime and manganese masses; strongly effervescent; noderately al kaline
cl ear wavy boundary. (Combined thickness of the Bkg horizons is 6 to 32
i nches.)

2Cgl--27 to 40 inches; grayish brown (2.5Y 5/2) sand; single grain; |oose;
many fine and nmedium faint |Iight brownish gray (2.5Y 6/2) Fe depletions and
comon nmedi um prom nent yellow sh brown (10YR 5/8) Fe concentrations; slightly
ef fervescent; noderately al kaline; gradual wavy boundary.
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2Cg2--40 to 80 inches; grayish brown (2.5Y 5/2) sand; single grain; |oose; many
medi um faint |ight brownish gray (2.5Y 6/2) Fe depletions and few nedi um

prom nent red (2.5YR 4/8) Fe concentrations; slightly effervescent; noderately
al kal i ne.

TYPE LOCATION: Swift County, M nnesota, about 5 niles west of Benson; 900 feet
east and 200 feet north of the southwest corner, Sec. 4, T. 121 N., R 40 W,
USGS Clontarf South quadrangle, |atitude 45 degrees 18 m nutes 42.17 seconds N.,
| ongi tude 95 degrees 42 m nutes 06.25 seconds N., NAD27.

RANGE | N CHARACTERI STICS: The nollic epipedon ranges from7 to 30 inches in

t hi ckness. The depth to the calcic horizon ranges fromO to 16 inches. The

| oanmy outwash material ranges from20 to 40 inches in thickness. It typically
does not have rock fragnents, but it contains as nmuch as 10 percent (by vol une)
nostly in the lower part in some pedons. The 2C horizon contains as nuch as 40
percent (by volune) of rock fragnents. The rock fragnments are of nixed
lithology. The loany surface horizons average between 18 and 30 percent clay
and 20 to 50 percent of fine sand and coarser. The calcic horizon has cal cium
carbonat e equi val ent averagi ng between 15 and 35 percent. Free carbonates are
in all parts of the control section. The soil is slightly alkaline or
nmoder at el y al kal i ne.

The A horizon has hue of 10YR to 5Y or is neutral; value of 2 or 3; and chroma
of O or 1. It is loam silt loam sandy clay loam or clay |loam Sone pedons
have an ABkg hori zon.

The Bkg horizon has hue of 5Y to 10YR or is neutral, value of 3 to 6, 4 to 8
dry; chroma of 0 to 2. It typically is nmottled in all parts; however, in sone
pedons the part at about depths of 20 inches does not have nottles but has
chroma of 1 or 0. It is loam clay |loam or sandy clay | oam but the range

i ncludes fine sandy | oam or sandy loamin the |lower part. |n sone pedons, a
transitional layer of gravelly sandy loamless than 5 inches thick is between
the Bkg and 2Cg horizons. Sone pedons have an Ab horizon or Cg horizon

The 2Cg horizon has hue of 2.5Y or 5Y, value of 3 to 6 and chroma of 1 or 2. In
sone pedons, the coarse textured strata below 40 i nches have chroma of 4 to 6.

It is fine sand, sand, or coarse sand with as much as 40 percent gravel or are
stratified with sand, coarse sand, |oany sand, |oany coarse sand, or their
gravelly or very gravelly analogues. A 3Cg horizon of finer textured materi al
begi ns at depths as shallow as 40 inches in a few pedons.

COWPETI NG SERI ES: There are no conpeting series.

GEOGRAPHI C SETTING:. The Marysl and soils have plane, slightly concave, or
slightly convex slopes. They formed in glacial lacustrine, alluvium or outwash
with a 20 to 40 inch upper loany mantle over sandy and gravelly sedinment in

dr ai nageways and flats on glacial streamterraces, outwash channels, outwash

pl ai ns, outwash plains, flood plains and | ake plains. Slopes range fromO to 2
percent. Mean annual air tenperature ranges from about 38 to 45 degrees F. Mean
annual precipitation ranges from 18 to 24 inches. Frost-free days range from
100 to 150. Elevation above sea level ranges from 800 to 2350 feet.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Renshaw, Fordville, Spottswood
and Divide soils which are nenbers of a hydrosequence with the Marysl and soils.
The Renshaw and Fordville soils are well drained and are on higher lying or nore
sloping terrain. The Spottswood and Divide soils are noderately well and
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sonmewhat poorly drained. The Spottswood soils have plane or slightly concave
sl opes and lack a calcic horizon at shallow depths. The Divide soils have plane
or slightly convex sl opes.

DRAI NAGE AND PERMEABI LI TY: Poorly and very poorly drained. Runoff is slow
Pernmeability is noderate in the upper |oany mantle and rapid in the 2C hori zon.
Depth to an apparent seasonal high water table is as high as .5 to 1.5 feet at
sonme time from Novermber through July in nost years for the poorly drained phase.
The very poorly drained phase has an apparent high water table at depths of +1.0
to 1.0 feet during January to December in nost years.

USE AND VEGETATI ON: Most areas have been drained and are cultivated to corn
soybeans, and small grains. Undrained areas are in pasture or wild hay. The
native vegetation is tall grass prairie.

DI STRI BUTI ON AND EXTENT: Western M nnesota and eastern North Dakota and South
Dakot a. Series is of npbderate extent.

M_LRA OFF| CE RESPONSI BLE: St. Paul, M nnesota
SERI ES ESTABLI SHED: Swi ft County, M nnesota, 1970.

REMARKS: Di agnostic horizons and features are: nollic epipedon - the zone from
the surface to a depth of 12 inches (A and Ak horizons); calcic horizon - the
zone from9 to 27 inches (Ak and Bkg horizons); aquic condition

ADDI TI ONAL DATA:: Refer to MN Agr. Exp. Sta. Central File Code No. 29 for
results of sone |aboratory analysis of a representative pedon of the series.
Soil Interpretation Record nunbers MN0O103 and MNO320- depressi onal

Nat i onal Cooperative Soil Survey
U. S. A
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LOCATI ON M NNEWAUKAN ND+I D SD

Est abl i shed Series
Rev. CJH- MDS
3/ 95

MINNEWAUKAN SERIES

The M nnewaukan series consists of very deep, poorly drained, rapidly perneable
soils that formed in cal careous sorted sands. These soils are on floodpl ains,
beaches and basins of current and gl acial |akes. Slope ranges fromO to 3
percent. Mean annual air tenperature is 39 degrees F, and nean annua
precipitation is 16 inches.

TAXONOM C CLASS: M xed, frigid Typic Psammaquents

TYPI CAL PEDON: M nnewaukan | oany fine sand on a northeast-facing slope of 1
percent in native grass. Wen described the soil was noist to 44 inches and
saturated from44 to 60 inches. (Colors are for noist soil unless otherw se
st at ed)

A--0 to 3 inches; black (10YR 2/1) loany fine sand, dark gray (10YR 4/1) dry;
weak fine subangul ar bl ocky and granul ar structure; soft, very friable, slightly
sticky and nonplastic; many roots; about 1 percent gravel; slight effervescence;
slightly al kaline; abrupt snmpoth boundary. (1 to 8 inches thick)

AC--3 to 5 inches; dark grayish brown and very dark grayish brown (2.5Y 4/2
and 2.5Y 3/2) |oany coarse sand, grayish brown (2.5Y 5/2) dry; single grained;
nonsti cky and nonplastic; many roots; about 15 percent gravel; slight
ef fervescence; slightly alkaline; clear smooth boundary. (0 to 8 inches thick)

C--5 to 16 inches; dark grayish brown with olive brown (2.5Y 4/2 with 2.5Y
4/ 4) | oany sand, |ight brownish gray (2.5Y 6/2) dry; many fine distinct dark
yell owi sh brown (10YR 4/4) nottles; weak coarse prismatic structure parting to
weak medi um subangul ar bl ocky; soft, very friable, slightly sticky and
nonpl astic; few roots; about 1 percent gravel; slight effervescence; slightly
al kali ne; clear wavy boundary.

Cgl--16 to 28 inches; olive gray and olive (5Y 4/2 and 5Y 4/3) |oamy sand,
light gray and light olive gray (5Y 6/1 and 5Y 6/2) dry; very weak coarse
prismatic structure; slightly sticky and nonplastic; few fine roots; about 10
percent pebbles; about 30 percent of sand and pebbles are shale fragments; few
fine masses of carbonate; slight effervescence; slightly al kaline; clear wavy
boundary.

Cg2--28 to 36 inches; olive gray and gray (5Y 5/2 and 5Y 5/1) fine sand,
light gray (5Y 7/2) dry; single grained; nonsticky and nonplastic; about 1
percent gravel; slight effervescence; slightly al kaline; clear snmooth boundary.

Cg3--36 to 50 inches; dark brown (10YR 3/3) fine sand, brown (10YR 4/3 and
10YR 5/3) dry; single grained; nonsticky and nonplastic; few small iron and
manganese concretions; slight effervescence; noderately al kali ne.
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Cg4--50 to 60 inches; olive (5Y 4/3) fine sand, pale olive (5Y 6/3) dry;
si ngl e grained; nonsticky and nonpl astic; slight effervescence; noderately
al kal i ne.

TYPE LOCATI ON: Benson County, North Dakota; about 3 1/2 miles north and 1 nile
west of Warwi ck; 1055 feet south and 150 feet west of the northeast corner, sec.
17, T. 151 N., R 63 W

RANGE | N CHARACTERI STICS: The 10- to 40-inch control section typically is |oamny
fine sand, |oany sand, fine sand or sand. Sone pedons are stratified and sone
have fine sandy loamto silty clay |loamlayers bel ow depths of 40 inches. Some
have horizons that contain 1 to 20 percent by volune of gravel. A few pedons
contain gypsum crystals and other salts.

The A and AC horizons have hue of 10YR, 2.5Y, or 5Y, value of 2 to 4 and 3 to 6
dry, and chroma of 1 or 2 npoist or dry. Horizons having color darker than val ue
of 3.5 nmobist and 5.5 dry are less than 6 inches thick. Textures range from
fine sandy loamto sand. These horizons are neutral or slightly alkaline. Some
pedons have thin Ab horizons.

The C horizon has hue of 10YR, 2.5Y, or 5Y and rarely 5GY, value of 3 to 5 and 4
to 7 dry, and chroma of 1 to 4. It is slightly alkaline or noderately al kaline.
Di stinct or prom nent nottles are in sone horizons.

COVPETI NG SERI ES: These are the Bantry, Deford and Gunbarrel series. Bantry
soils do not have carbonates in the upper part of the profile. Deford soils are
noncal careous above 25 inches and have thicker dark col ored surface horizons.
Gunbarrel soils are high in exchangeabl e sodi um

GEOGRAPHI C SETTI NG. M nnewaukan soils are on level and nearly |eve

f1 oodpl ai ns, beaches and basins of current and gl acial |akes. Slope gradients
are 0 to 3 percent. The soils formed in cal careous sorted sands. Mean annua
air tenperature ranges from 37 to 45 degrees F, and nmean annual precipitation
from 15 to 24 inches.

GEOGRAPHI CALLY ASSCOCI ATED SO LS: These are the Lallie soils on the sane | ake
pl ain and the Arveson, Colvin, Divide, Fossum Grano, Hamar, Hegne, Marysl and
and g ata soils on nearby | ake and outwash plains. Lallie soils are fine. Al
of the other soils have nmollic epipedons.

DRAI NAGE AND PERMEABI LI TY: Poorly drained. Runoff is negligible. Perneability
is rapid. A seasonal high water table is at depth of 0.5 foot above the surface
to 1.5 foot below the surface at some tinme during the period March through July.
Some areas are covered with water during periods of excessive npisture.

USE AND VEGETATION: The soils are used for range or pasture. Native vegetation
is northern reedgrass, prairie cordgrass, little bluestem tall dropseed and
shrubs.

DI STRI BUTI ON AND EXTENT: Central and eastern North Dakota and |daho. The
series is noderately extensive.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a

SERI ES ESTABLI SHED: Eddy County and parts of Benson and Nel son Counties, North
Dakota, 1971.
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REMARKS: Revi sed 3/95.

Di agnostic horizons and features recognized in this pedon are: ochric epipedon -
the zone fromthe surface of the soil to a depth of 5 inches (A and AC
hori zons).

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON M RANDA SD+ND

Est abl i shed Seri es
Rev. EHE- MAG- CJH
10/ 98

MIRANDA SERIES

The M randa series consists of very deep, noderately well or somewhat poorly
drained soils fornmed in till on uplands. Perneability is very slow. Sl opes
range fromO to 9 percent. Mean annual precipitation is about 15 inches, and
mean annual air tenperature is about 40 degrees F

TAXONOM C CLASS: Fine, snectitic, frigid Leptic Natrustolls

TYPI CAL PEDON: M randa | oam - on convex, southeast-facing slope of 2 percent
under native vegetation. Wen described the soil was dry to 10 i nches and npi st
below. (Colors are for dry soil unless otherw se stated)

E--0 to 4 inches; light brownish gray (10YR 6/2) |oam very dark grayish
brown (10YR 3/2) nmoist; noderate medi um subangul ar bl ocky structure parting to
weak thin platy; hard, friable; neutral; abrupt snmooth boundary. (0 to 5 inches
t hi ck)

Btnl--4 to 7 inches; grayish brown (10YR 5/2) clay |loam very dark brown
(10YR 2/2) noist; strong fine and medi um col ummar structure; extrenely hard,
very firm sticky and plastic; |ight brownish gray (10YR 6/2) coatings on tops
of columns; slightly al kaline; abrupt snooth boundary. (3 to 6 inches thick)

Btn2--7 to 10 inches; brown (10YR 4/3) clay | oam dark brown (10YR 3/3)
nmoi st; noderate nedium prismatic structure parting to noderate fine and nedi um
bl ocky; very hard, very firm sticky and plastic; noderately al kaline; clear
wavy boundary. (0 to 13 inches thick)

Btnz--10 to 16 inches; |ight brownish gray (2.5Y 6/2) clay |oam dark grayish
brown (2.5Y 4/2) nmoist; weak coarse prismatic structure parting to weak nmedi um
subangul ar; hard, firm sticky and plastic; conmon fine accurul ati ons of salts;
strongly al kaline; abrupt wavy boundary. (0 to 12 inches thick)

Bkz--16 to 30 inches; light brownish gray (2.5Y 6/2) clay |oam dark grayish
brown (2.5Y 4/2) moist; few fine distinct strong brown (7.5YR 5/8) noist redox
concentrations; weak coarse blocky structure; hard, firm sticky and plastic;
common fine accumul ations of salts; comon fine accunul ati ons of carbonate;
strong effervescence; strongly al kaline; clear smboth boundary. (6 to 30 inches
t hi ck)

Cl--30 to 38 inches; pale yellow (2.5Y 7/4) clay loam |ight olive brown
(2.5Y 5/4) noist; few fine distinct strong brown (7.5YR 5/8) noist redox
concentrations and common medi um di stinct [ight gray (10YR 7/1) nvoist redox
depl etions; massive; hard, firm sticky and plastic; conmon fine streaks of salt
and gypsum common nedi um accumnul ati ons of carbonate; strong effervescence;
strongly al kaline; clear snmooth boundary.

C2--38 to 60 inches; pale yellow (2.5Y 7/4) clay loam |ight olive brown
(2.5Y 5/4) noist; few fine distinct strong brown (7.5YR 5/8) noist redox
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concentrations and many fine distinct light gray (10YR 7/1) noist redox

depl etions; massive; hard, firm sticky and plastic; few fine streaks of gypsum
common nmedi um accunul ati ons of carbonate; strong effervescence; strongly

al kal i ne.

TYPE LOCATI ON: Ednunds County, South Dakota; about 9 miles east and 3 niles
north of |pswi ch; 264 feet south and 90 feet west of the northeast corner of
sec. 22, T. 124 N., R 66 W

RANGE | N CHARACTERI STICS: Depth to carbonates ranges from5 to 25 inches.

Depth to horizons with gypsum and salt accumul ati ons ranges from5 to 16 inches.
The conbi ned thickness of the A and E horizon is 5 inches or less. The soil has
an Ustic noisture regime. The soil contains 1 to 10 percent rock fragnments

t hr oughout .

Some pedons have A horizons 1 to 4 inches thick with hue of 10YR, value of 3 to
5 and 2 or 3 mpist, and chroma of 2.

The E horizon has hue of 10YR or 2.5Y, value of 4 to 7 and 3 or 4 nvist, and
chroma of 1 or 2. It is loamor silt loamand is slightly acid or neutral. The
E horizon is absent in some pedons that have an Ap horizon

The Btn horizon has hue of 10YR or 2.5Y, value of 3 to 6 and 2 to 4 npoist, and

chroma of 1 to 4. It is clay loam silty clay or clay averaging nore than 15
percent fine sand or coarser. It has noderate or strong, fine to coarse

col ummar structure in the upper part. Most pedons have accumul ati ons of salts,
especially in the lower part. It ranges fromneutral to noderately al kaline.

The Bk horizon has hue of 10YR, 2.5Y or 5Y, value of 3 to 7 and 3 to 6 nvi st,
and chroma of 2 to 4. It has common or many accunul ati ons of carbonates. It is
moderately or strongly alkaline. |In some pedons the Bk horizon does not have
accunul ati ons of gypsum or other salts.

The C horizon has hue of 10YR, 2.5Y, or 5Y; value of 4 to 8 and 3 to 7 nvist;
and chroma of 1 to 4. It is clay loamor loambut is fine sandy loamin sone
pedons. It is moderately or strongly alkaline. Some pedons have shal e bedrock
bel ow a depth of 40 inches. Some pedons have thin strata of sandy | oam and
gravel ly sand bel ow a depth of 40 inches.

COVPETI NG SERI ES: These are the Adger, Dogtooth, Exline, Ferney and Meki nock
soils. Adger soils have an Ustic noisture reginme that borders on Aridic.

Dogt oot h and Meki nock soils are noderately deep to residual beds. Exline
Ferney and Mekinock soils have a Udic noisture reginme. In addition, Exline
soils have less than 15 percent fine sand and coarser sand in the particle-size
control section and formed in |lacustrine sedinents.

GEOGRAPHI C SETTING: M randa soils are level to gently sloping on fine-I|oany
till plains. Slope gradients typically are |l ess than 2 percent but range from?O
to 9 percent. The Mranda soils fornmed in cal careous loamor clay loamtill
Mean annual air tenperature ranges from 34 to 45 degrees F, and nean annual
precipitation ranges from 12 to 17 inches. The soils have an Ustic npoisture
regime. Growing season is about 110 to 130 days; average grow ng season
precipitation from 13 to 16 inches; and growi ng degree days are about 2500 to
3000. Elevation ranges from 1600 to 2700 feet above sea |evel

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Heil, Niobell, Noonan and
Wlliams soils. Heil soils have an aquic noisture reginme and are in
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depressions. Niobell and Noonan soils are on higher parts of the |andscapes
with mcrorelief. N obell soils do not have columar structure in the Btn

hori zon and have tonguing or interfingering of E materials for nore than 1 inch
into the Btn horizon. Noonan soils have combined A and E horizons thicker than
5 inches and do not have accunul ations of salt within a depth of 16 inches.
WIllians soils do not have a natric horizon and are on | andscapes above the

M randa soils.

DRAI NAGE AND PERMEABI LI TY: Moderately well or somewhat poorly drained. Runoff
is negligible to very high depending on slope. Perneability is very sl ow.

USE AND VEGETATION: Used mainly for native hay and pasture. A few areas are
cultivated when in conplex with other soils. Native vegetation includes western
wheat grass, blue gramm, buffalograss, prairie junegrass, inland saltgrass,
prickly pear, sedges, and forbs.

DI STRI BUTI ON AND EXTENT: Nort h-central South Dakota and central North Dakot a.
The series is of npderate extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota
SERI ES ESTABLI SHED: Hand County, South Dakota, 1958.

REMARKS: Di agnostic horizons and features recognized in this pedon are: mollic
epi pedon - the zone fromthe surface of the soil to a depth of about 10 inches
(E, Btnl, Btn2 horizons); natric horizon - the zone from about 4 to 16 inches
(Btnl, Btn2, Btnz horizons).

Nati onal Cooperative Soil Survey
U. S A
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LOCATI ON NAHON SD+ND

Est abl i shed Seri es
Rev. LDS-BOK
10/ 98

NAHON SERIES

The Nahon series consists of very deep, noderately well drained and sonewhat
poorly drained soils formed in clayey glaciolacustrine sedinments on | ake plains.
Permeability is very slowin the subsoil. Slopes range fromO to 2 percent. Mean
annual precipitation is about 19 inches, and nean annual air tenperature is
about 43 degrees F.

TAXONOM C CLASS: Fine, snmectitic, frigid Calcic Natrudolls

TYPI CAL PEDON: Nahon silty clay loam - on a plain slope of less than 1 percent
in acultivated field. When described the soil was dry to 50 i nches and noi st
below. (Colors are for dry soil unless otherw se stated.)

Ap--0 to 6 inches; dark gray (10YR 4/1) silty clay |loam black (10YR 2/1)
noi st; weak fine granular structure; slightly hard, friable, slightly sticky and
slightly plastic; slightly acid; abrupt smooth boundary. (5 to 11 inches thick)

E--6 to 9 inches; gray (10YR 6/1) and (10YR 5/1) silt |oam dark grayish
brown (10YR 4/2) and very dark gray (10YR 3/1) npoist; weak nmedium platy
structure; slightly hard, friable, slightly sticky and slightly plastic;
neutral; abrupt smooth boundary. (1 to 6 inches thick)

Btnl--9 to 14 inches; gray (10YR 5/1) silty clay, very dark gray (10YR 3/1)
nmoi st; weak medi um and fine columar structure parting to noderate fine bl ocky;
very hard, firm sticky and plastic; thin continuous shiny films on vertical
faces of peds; thin continuous gray (10YR 6/1) coatings on colum tops; slightly
al kal i ne; clear wavy boundary.

Btn2--14 to 20 inches; grayish brown (10YR 5/2) silty clay | oam very dark
gray (10YR 3/1) mpoist; noderate nedium and fine prismatic structure parting to
noder at e medi um bl ocky; hard, firm sticky and plastic; thin continuous shiny
films on vertical faces of peds; few fine nests of salts in the |ower part;
noderately al kaline; clear wavy boundary. (Conbined thickness of Bt horizons is
8 to 17 inches.)

Bz--20 to 25 inches; light brownish gray (2.5Y 6/2) and pale yellow (2.5Y
7/4) silty clay | oam dark grayish brown (2.5Y 4/2) and light olive brown (2.5Y
5/4) noist; weak nmedium prismatic structure parting to weak medi um subangul ar
bl ocky; hard, firm sticky and plastic; comon fine nests of gypsum and ot her
salts; few fine accumul ati ons of carbonate; slight effervescence; slightly
al kaline. (0 to 20 inches thick)

Bkz--25 to 37 inches; pale yellow (2.5Y 7/4) silty clay loam Ilight olive
brown (2.5Y 5/4) npoist; weak coarse subangul ar bl ocky structure; slightly hard,
friable, slightly sticky and slightly plastic; compn fine nests of gypsum and
ot her salts; violent effervescence (21 percent cal cium carbonate equival ent);
noderately al kaline; clear wavy boundary. (0 to 14 inches thick)
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Cl--37 to 56 inches; white (2.5Y 8/2) and grayish brown (2.5Y 5/2) silty clay
| oam varved with thin |layers of very fine sandy loamand silty clay, pale
yellow (2.5Y 7/4) and dark grayish brown (2.5Y 4/2) nvoist; massive, varves 1 to
3 mmthick; slightly hard, friable, slightly sticky and slightly plastic;

vi ol ent effervescence (14 percent cal cium carbonate equival ent); noderately
al kal i ne; gradual wavy boundary.

C2--56 to 60 inches; white (2.5Y 8/2) and grayish brown (2.5Y 5/2) clay
varved with thin layers of very fine sandy | oamand silty clay, pale yellow
(2.5Y 7/4) and dark grayish brown (2.5Y 4/2) nmoist; massive, varves 5 to 10 mm
thick; hard, firm strong effervescence; noderately al kaline

TYPE LOCATI ON: Brown County, South Dakota; about 6 mles south of Aberdeen;
1160 feet south and 260 feet west of the northeast corner, sec. 9, T. 122 N., R
63 W

RANGE | N CHARACTERI STICS: Depth to free carbonate ranges from 14 to 32 inches.
The natric horizon has a SAR that ranges from5 to 15 and an ESP that ranges
fromb5 to 25. The ESP exceeds 15 within 2 neters of the upper boundary of the
Bt horizon.

The A horizon has value of 3 or 4 and 2 or 3 noist. It is silt loamor silty
clay | oam and ranges from noderately acid to neutral.

The E horizon has value of 5 or 6 and 3 or 4 moist, and chroma of 1 or 2. It is
silt loamor silty clay loamand is noderately acid to neutral. The E horizon is
absent in some pedons that have an Ap horizon

The Btn horizon has hue of 10YR or 2.5Y, value of 3 to 5 and 2 or 3 npist, and
chroma of 1 to 3. It is silty clay or silty clay |loamthat averages between 35
and 55 percent clay. It is neutral to strongly alkaline. Sone pedons do not
have gypsum or/other salts in the |ower part of the Btn horizon or have a Btnz
hori zon.

The Bz and Bkz horizons have hue of 10YR, 2.5Y, or 5Y; value of 4 to 8 and 3 to
6 moist; and chroma of 1 to 4. They are typically silty clay loamor silty clay
but sonme pedons are silt Ioam Reaction ranges fromslightly alkaline to
strongly al kaline. Gypsum and other salts range fromfew to common. Some pedons
have a BC or By horizon.

The C horizon has hue of 2.5Y or 10YR, value of 5 to 8 and 4 to 7 noist, and

chroma of 2 to 4. It is silty clay loam clay, and silty clay. The |ower part
is varved very fine sand to clay. It is noderately or strongly al kaline
Varves range from1l mmto 10 mmin thickness. Some pedons are underlain with
sandy materials or loamy glacial till at depths of 40 to 60 inches.

COWPETI NG SERI ES: These are the Cavour and Rich series. Cavour soils contain
nore than 15 percent fine sand or coarser throughout the series control section
Rich soils do not have an E horizon and are drier in the soil npisture contro
section for |onger periods.

GEOGRAPHI C SETTI NG: The Nahon soils are on nearly level to level glacial |ake
pl ains. Slope gradients are 2 percent or less. The soils formed in cal careous
| acustrine deposits of silt, very fine sand, and clay. Mean annual air
tenperature ranges from 36 to 45 degrees F, and mean annual precipitation from
16 to 24 inches. Most of the precipitation comes in the spring and sumrer.
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Growi ng season is about 120 to 130 days; average growi ng season precipitation is
14 to 18 inches; and grow ng degree days are about 2500 to 3000.

GEOGRAPHI CALLY ASSCOCI ATED SO LS: These are Aberdeen, Exline, G eat Bend and
Har mony soils. The Aberdeen, Exline, and Harnony soils are on the broad snooth
flats in close association with the Nahon soil. Aberdeen soils are glossic.
Exline soils have accunul ations of salts within 16 inches and have a thinner
sola. Harmony soils do not have a natric horizon. The Beotia and Great Bend
soils are on slightly higher positions. They do not have a natric horizon and
are fine-silty.

DRAI NAGE AND PERMEABI LI TY:  Somewhat poorly drained or noderately well drained
Runoff is mediumto high depending on slope. Perneability is very slow

USE AND VEGETATION: The majority of the Nahon soils are cropped to small
grains, alfalfa, and pasture. Native vegetation mainly is western wheatgrass,
green needl egrass, blue grama, buffal ograss, needl eandt hread, sedges and forbs.

DI STRI BUTI ON AND EXTENT: Nort heast ern South Dakota and eastern North Dakot a.
The series is extensive.

MLRA OFFI CE RESPONSI BLE: Bismarck, North Dakota

SERI ES ESTABLI SHED: Penbi na County, North Dakota, 1973.

REMARKS: Di agnostic horizons and features recognized in this pedon are: mollic
epi pedon - the zone fromthe surface of the soil to a depth of about 6 inches
and from9 to about 20 inches (A, Btnl, Btn2 horizons); natric horizon - the
zone from a depth of about 9 to 20 inches (Btnl and Btn2 horizons).

ADDI TI ONAL DATA: NSSL Sanple Nos. 74K1060-9.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON NUTLEY SD+MN ND

Est abl i shed Series
Rev. JMsS
02/ 97

NUTLEY SERIES

The Nutley series consists of very deep, well drained soils formed in clayey

| acustrine sedi ments on uplands. Perneability is slow or very slow. Sl opes
range fromO to 25 percent. Mean annual precipitation is about 21 inches, and
mean annual air tenperature is about 42 degrees F

TAXONOM C CLASS: Fine, snectitic, frigid Chrom c Hapluderts

TYPI CAL PEDON: Nutley silty clay - on a slope of 2 percent in a cultivated
field. When described the soil was npoist throughout. (Colors are for dry soi
unl ess otherwi se stated.)

Ap--0 to 7 inches; dark gray (10YR 4/1) silty clay, black (10YR 2/1) nvist;
noderate fine granular structure; slightly hard, friable, sticky and plastic;
slight effervescence; noderately al kaline; abrupt smooth boundary. (4 to 8
i nches thick)

Bss--7 to 20 inches; |ight brownish gray (2.5Y 6/2) clay, dark grayish brown
(2.5Y 4/2) noist, weak coarse prismatic structure parting to noderate very fine
and fine blocky; hard, firm sticky and plastic; tongues 1/4 to 3/4 inches wi de
of dark gray (10YR 4/1) and black (10YR 2/1) npoist; slight effervescence; few
i ntersecting slickensides; noderately al kaline; gradual wavy boundary. (5 to 35
i nches thick)

Css--20 to 48 inches; pale yellow (5Y 7/3) clay, olive (5Y 5/3) noist; conmon
fine prom nent yellow sh red (5YR 4/6) and commn fine distinct gray (5Y 5/1)
redox depletions; weak fine blocky structure; very hard, firm very sticky and
pl astic; fine tongues of dark gray (10YR 4/1) and black (10YR 2/1) nvoist; strong
ef fervescence; few intersecting slickensides; noderately al kaline; diffuse wavy
boundary.

C--48 to 60 inches; pale yellow (5Y 7/3) clay, olive (5Y 5/3) noist; many
medi um prom nent yellow sh red (5YR 4/6) redox concentrations and many medi um
di stinct gray (5Y 5/1) redox depletions; weak nedium and fine bl ocky structure
very hard, firm very sticky and plastic; strong effervescence; noderately
al kal i ne.

TYPE LOCATI ON: Day County, South Dakota; about 2 mles south and 4 mles west
of Bristol; 360 feet south and 250 feet east of the northwest corner of sec. 8,
T. 121 N, R 58 W

RANCGE | N CHARACTERI STICS: The soil typically contains free cal cium carbonate to
the surface, but it it is absent to depths of 8 to 10 inches in sone pedons.

Thi ckness of the mollic epipedon ranges from7 to |6 inches and in some pedons
extends into the Bss horizon. When the soil is dry, cracks 1/2 to 2 inches wi de
and several feet |ong extend downward through the solum The control section is
silty clay, silty clay loam or clay averaging between 35 and 60 percent clay
and | ess than 15 percent fine or coarser sand.
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The A horizon has value of 3 or 4 and 2 or 3 mpist. It is silty clay |oam
silty clay, clay, or clay loam It ranges fromneutral to noderately al kaline

The Bss horizon has 10YR, 2.5Y, or 5Y hue; value of 4 to 6 and 3 to 5 mpist; and
chroma of 1 to 3. It typically is clay or silty clay, but is silty clay loamin
sonme pedons. It is slightly or noderately alkaline. Dark tongues ranging from
1/4 to 1 inch in thickness with 10YR hue, value of 3 or 4 and 2 or 3 mpoist, and
chroma of 1 or 2, extend through the Bss horizon. Some pedons have tongues
extending into the C to depths of nore than 24 inches.

Some pedons have a BC or Bk horizon

The C horizon has 2.5Y or 5Y hue, value of 6 or 7 and 4 to 6 moist, and chroma
of 2to 4. It is clay, silty clay, or silty clay loam Sone pedons do not have
i nherent mottles throughout the C horizon. Crystals of gypsumare in sone
pedons. The C horizon bel ow depths of about 36 inches is lam nated in some
pedons. It is slightly or noderately al kal i ne.

COWPETI NG SERI ES: These are the Hattie and Wahpeton series. Hattie soils
contain nore than 15 percent fine sand or coarser and 2 to 8 percent coarse
fragnents in the control section. Whpeton soils have nmollic epi pedons nore
than 16 inches thick.

GEOGRAPHI C SETTING: The Nutley soils are nearly level to strongly sloping on
upl ands. Sl ope gradients range fromO0 to 25 percent. The Nutley soils fornmed
in calcareous clayey gl aciolacustrine sediments. Mean annual air tenperature
ranges from 38 to 48 degrees F, and nmean annual precipitation ranges from16 to
24 inches. G owi ng season is about 110 to 130 days; average grow ng season
precipitation ranges from 13 to 18 inches; and grow ng degree days are about
2500 to 3000.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Barnes, Buse, Forman, Poinsett,
and Sinai soils. Sinai soils have nollic epi pedons nore than 16 inches thick
and are on smooth nearly level to gently sloping areas in close association with
the Nutley soils. The Barnes, Buse, Forman, and Poinsett soils are on nearby
upl ands. The Barnes, Buse, and Forman soils have a fine-|loanmy control section.
In addition, Forman soils have an argillic horizon. Poinsett soils have a fine-
silty control section.

DRAI NAGE AND PERVMEABI LITY: Well drained. Surface runoff is lowto very high
Permeability is slow or very sl ow

USE AND VEGETATION: Mostly cultivated. Corn, small grain, and alfalfa are the
principal crops. Native grasses are green needl egrass, western wheatgrass,
little bluestem big bluestem sideoats grama, blue grama; sedges and forbs.

DI STRI BUTI ON AND EXTENT: Nort heast ern Sout h Dakota and eastern and centra
Nort h Dakota and sout hwestern M nnesot a. Series is of npderate extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota
SERI ES ESTABLI SHED: Day County, South Dakota, 1952.

REMARKS: Di agnostic horizons and features recognized in this pedon are: mollic
epi pedon - the zone fromthe surface of the soil to a depth of about 7 inches.
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LOCATI ON QJATA ND

Est abl i shed Seri es
Rev. SJL-CJH
11/ 97

OJATA SERIES

The O ata series consists of deep, poorly drained, nmoderately slowy or slowy
perneabl e soils that fornmed in silty | ake sedinments. These soils are on
slightly depressed flats, swales, and channels in glacial |ake and outwash

pl ai ns and have slopes |less than 1 percent. Mean annual tenperature is 39
degrees F, and nmean annual precipitation is 19 inches.

TAXONOM C CLASS: Fine-silty, mxed, superactive, frigid Typic Calciaquolls

TYPI CAL PEDON: Q ata silty clay loam - on a level slope of less than 1 percent
under cropland. (Colors are for noist soil unless otherwi se stated. \Where
descri bed the soil was noist to 50 inches and wet bel ow 50 inches.)

Apz--0 to 8 inches; black (N 2/0) silty clay loam dark gray (N 4/0) dry;
weak very fine subangul ar bl ocky structure; hard, friable, sticky, and plastic;
common very fine roots; few fine salt crystals; strong effervescence; mldly
al kal i ne; abrupt smooth boundary. (5 to 16 inches thick)

Bkz--8 to 20 inches; gray (5Y 6/1) silt loam light gray (5Y 7/1) dry; many
fine and medium distinct dark gray (5Y 4/1) nottles; weak fine subangul ar bl ocky
structure; hard, friable, slightly sticky, and slightly plastic; few very fine
roots; cracks filled with A material extend to 18 inches; few fine salt
crystals; dissem nated carbonates throughout; violent effervescence; noderately
al kali ne; clear wavy boundary. (6 to 26 inches thick)

Cl--20 to 32 inches; dark grayish brown (2.5Y 4/2) very finely stratified
silt loam |light yellow sh brown (2.5Y 6/4) dry; common fine distinct gray (5Y
5/1) and yellow sh brown (10YR 5/6) nottles; weak fine subangul ar bl ocky
structure; slightly hard, friable, slightly sticky, and slightly plastic; few
very fine roots; slight effervescence; strongly al kaline; gradual wavy boundary.
(0 to 30 inches thick)

C2--32 to 47 inches; dark grayish brown (2.5Y 4/2) very finely stratified
silt loam pale yellow (2.5Y 7/4) dry; comon fine and nmedi um di stinct gray
(2.5Y 6/1) and few fine distinct dark yellow sh brown (10YR 4/4) nottles; weak
fine subangul ar bl ocky structure; soft, friable, slightly sticky, and slightly
pl astic; slight effervescence; strongly al kaline; gradual wavy boundary. (0 to
30 inches thick)

C3--47 to 60 inches; dark grayish brown (2.5Y 4/2) and olive brown (2.5Y 4/4)
silt loam pale yellow (2.5Y 7/4) and light yellow sh brown (2.5Y 6/4) dry;
common fine and medi um di stinct gray (5Y 5/1) nottles; weak fine subangul ar
bl ocky structure; soft, friable, slightly sticky, and slightly plastic; commn
medi um dark reddi sh brown (5YR 3/4) (iron- manganese) concretions; comon | arge
masses of gypsum crystals; slight effervescence; noderately al kaline.
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TYPE LOCATI ON: Grand Forks County, North Dakota; about 2 miles west and 2 mles
north of Grand Forks; 1,000 feet east and 200 feet north of the sout hwest
corner, sec. 24, T. 152 N, R 51 W

RANGE | N CHARACTERI STICS: The nollic epipedon has a conductivity of nore than
16 mmhos/cm It ranges from7 to 16 inches in thickness.

The A horizon has hue of 10YR, 2.5Y, 5Y, or neutral; value of 2 or less and 3 or
4 dry; and chroma of 1 or less. It typically is silt loamor silty clay |oam
but included is |oamand clay | oam Sone pedons have an ABK or ABKkz hori zon.

The Bk horizon has hue of 2.5Y or 5Y, value of 3 to 6 and 4 to 7 dry, and chrom
of less than 3. It is silt loamor silty clay loam Salt accurul ations are
apparent in this horizon. Sonme pedons have a Bky horizon

The C horizon commonly has hue of 2.5Y, 5Y, or 5GY; and is variegated in sone
pedons. It is lamnated silt loamor silty clay loam Stratified coarser or
finer |lake sedinments or loamor clay loamglacial till are in some pedons bel ow
40 inches. Visible salt accumnul ations are present in sonme pedons.

COWPETI NG SERIES: These are the Bear Lake, Colvin, Regan, and Wnger series in
the same family and the Bearden, Borup, Hegne, MlIntosh, Perella, and Vallers
series. All of these soils have electrical conductivity of less than 16
nmhos/cm I n addition, Bearden and Ml ntosh soils commonly have chroma of 3 or
nore within 30 inches of the surface. Borup soils are coarse-silty. Hegne
soils are clayey. Perella soils do not have calcic horizons within 16 i nches of
the surface. Vallers soils are fine-loany. Wnger soils have glacial til
wi t hin depths of 40 inches

GEOGRAPHI C SETTING (G ata soils are in level, slightly depressed flats, swales,
and channels in glacial |ake and outwash plains. Slope gradients are |less than
1 percent. The soils formed in calcareous, silty |ake sedinents. The mean
annual tenperature ranges from 38 to 45 degrees F, and nean annual precipitation
ranges from 17 to 22 inches.

GEOGRAPHI CALLY ASSCCI ATED SO LS: These are the conpeting Bearden, Borup

Col vin, and Hegne soils and the Fargo, dyndon, and Grano soils. Bearden and
d yndon soils are on slightly higher, better drained positions. Borup and
Colvin soils are in nearby swal es and depressions. Hegne, Fargo, and G ano
soils are on nearby | ake plains where the |acustrine sedinents contain 35 to 60
percent clay.

DRAI NAGE AND PERMEABI LI TY: Poorly drained. Runoff is very slow. Pernmeability
is nmoderately slow or slow.

USE AND VEGETATION: Soils are used for pasture and hay. Native vegetation is
nuttall al kaligrass, western wheatgrass, slender wheatgrass, and inland
sal t grass.

DI STRI BUTI ON AND EXTENT: Eastern North Dakota. The soil is of nopderate extent.
MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota

SERI ES ESTABLI SHED: WAl sh County, North Dakota, 1972.

REMARKS: Revi sed 3/89.
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Di agnostic horizons and features recognized in this pedon are: nollic epipedon
- zone fromthe surface of the soil to a depth of 8 inches (Ap horizon); calcic
horizon - zone from8 to 20 inches (Bkz horizon); characteristics associ ated
with wetness - calcic horizon (Bkz horizon).

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON OVERLY ND+MN SD

Est abl i shed Series
Rev. CJH
2/ 99

OVERLY SERIES

The Overly series consists of very deep, well drained or noderately well drained
soils that formed in cal careous sedinents. Perneability is noderately slowin
the upper part and noderately slow or slow in the substratum These soils are
on glacial |ake plains and terraces on valley side slopes. Slope ranges fromO
to 15 percent. Mean annual air tenperature is 39 degrees F, and nean annual
precipitation is 18 inches.

TAXONOM C CLASS: Fine-silty, m xed, superactive, frigid Pachic Hapludolls

TYPI CAL PEDON: Overly silty clay |loamon a plane north-facing slope of |ess
than 1 percent under cropland. When described the soil was noist throughout.
(Colors are for dry soil unless otherw se stated)

Ap--0 to 5 inches; very dark gray (10YR 3/1) silty clay | oam black (10YR
2/ 1) noist; nmoderate fine granular structure; hard, friable, slightly sticky and
slightly plastic; many fine roots; many fine pores; neutral; abrupt snmooth
boundary.

A--5 to 10 inches; very dark gray (10YR 3/1) silty clay I oam black (10YR
2/ 1) noist; nmoderate coarse and nmedi um angul ar bl ocky structure parting to
noderate fine subangul ar bl ocky; hard, friable, sticky and slightly plastic;
many roots; many fine pores; neutral; clear wavy boundary. (Conbined A horizons
8 to 18 inches thick)

Bw--10 to 17 inches; dark gray (10YR 4/1) silty clay | oam very dark brown
(10YR 2/2) noist; noderate nmedium prismatic structure parting to noderate fine
angul ar bl ocky; very hard, firm sticky and plastic; compn roots; common fine
pores; faint clay filns on faces of peds; segregated carbonates in a few pores
and root channels in the lower part; slightly al kaline; clear wavy boundary. (6
to 22 inches thick)

Bk1l--17 to 20 inches; grayish brown (2.5Y 5/2) silty clay |oam very dark
grayish brown (2.5Y 3/2) noist; few fine faint brown (10YR 4/3) nvoist redox
concentrations; noderate fine subangul ar bl ocky structure; hard, friable, sticky
and slightly plastic; few fine roots; common fine pores; strong effervescence;
noder ately al kal i ne; gradual wavy boundary.

Bk2--20 to 28 inches; light yellowi sh brown (2.5Y 6/4) silty clay |loam |ight
olive brown (2.5Y 5/4) noist; few faint yellow sh brown (10YR 5/4) redox
concentrations; nmoderate medi um and very fine subangul ar bl ocky structure; hard,
friable, sticky and slightly plastic; few roots; common fine pores; violent
ef fervescence; mpoderately al kaline; gradual wavy boundary.

Bk3--28 to 38 inches; light yell owi sh brown (2.5Y 6/4) silty clay | oam olive
brown (2.5Y 4/4) moist; few fine light gray (5Y 7/1) redox depletions and |ight
yel | owi sh brown (10YR 6/4) redox concentrations; noderate very fine subangul ar
bl ocky structure; hard, friable, sticky and slightly plastic; few roots; few
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fine pores; strong effervescence; noderately al kaline, clear wavy boundary.
(Conbi ned Bk horizons 6 to 30 inches thick)

C--38 to 60 inches; nulticolored |light yellow sh brown (2.5Y 6/4), pale olive
(5Y 6/3), gray (5Y 6/1), and yell owi sh brown (10YR 5/6) |am nated silt | oam and
silty clay loam gray (5Y 6/1) redox depletions and yell owi sh brown (10YR 5/6)
proni nent redox concentrations in the |ower part; very hard, firm sticky and
pl astic; slight effervescence; noderately al kaline

TYPE LOCATI ON: WAl sh County, North Dakota; about 6 niles west and 3 mles south
of Mnto; 300 feet east and 150 feet south of the northwest corner, sec. 18, T.
155 N., R 53 W

RANGE | N CHARACTERI STICS: The nmollic epi pedon ranges from 16 to 40 inches in
thi ckness and includes all or part of the Bw horizon. The 10- to 40-inch
control section typically is silty clay |loam and sone is silt loamor clay |oam
It averages between 27 and 35 percent clay. Sone pedons are saline.

The A horizon has hue of 10YR, value of 3 or 4 and 2 or 3 moist, and chroma of
1. It typically is silty clay loam but sone is silt loam clay |oam |oam or
silty clay. It is neutral or slightly alkaline

The Bw horizon has hue of 10YR or 2.5Y, value of 3 to 5 and 2 to 4 noist, and
chroma of 1 to 4. It is silty clay loamor silt loam It is neutral or
slightly alkaline. It has weak or noderate grades of prismatic, subangul ar or
angul ar bl ocky structure.

The Bk horizon has hue of 2.5Y or 10YR, value of 4 to 7 and 3 to 6 npist, and

chroma of 1 to 4. It is silty clay loamor silt loam It is slightly alkaline
or noderately alkaline. It has a calcium carbonate equivalent of 15 to over 30
percent. Carbonates are dissenm nated or in fewto many, and small to | arge

masses. Sonme pedons have BC or BCk horizons.

The C horizon has hue of 2.5Y or 5Y, value of 5 to 7 and 4 to 6 nvoist, and
chroma of 1 to 6. It is slightly alkaline or noderately al kaline. Redox
features range fromfew to many and faint to prom nent, but they may be absent
in some well drained pedons. The C horizon is |lam nated and conmmonly has
textures including silty clay loam clay loam silt loam or silty clay. Below
depths of 40 inches in some pedons are strata of sand or clay.

COWVPETI NG SERI ES: These are the Beotia, Brookings, Tara and Waubay seri es.
Beotia soils have 18 to 27 percent clay in the control section. Brookings and
Tara soils have loamor clay loamglacial till within depths of 20 to 40 inches.
Waubay soils have 20 to 27 percent clay in the control section.

GEOGRAPHI C SETTING. Overly soils are on level to gently sloping glacial |ake
pl ai ns and terraces on valley side slopes. Slope commnly is less than 2
percent but range fromO to 15 percent. The soils formed in cal careous

| acustrine sedinments. Mean annual air tenperature ranges from 36 to 48 degrees
F, and nmean annual precipitation ranges from 15 to 24 inches. Mst of the

nmoi sture falls in the spring and sunmer. Frost-free period ranges from 105 to
140 days. Elevation above sea | evel ranges from 650 to 2350 feet.

GEOGRAPHI CALLY ASSCOCI ATED SO LS: These are the conpeting Beotia soils and

Bear den, Colvin, Fargo, Gardena, d yndon, Great Bend, Hegne, Perella and Wal sh

soils. Bearden, Beotia, Colvin, Great Bend and Perella soils are in a drai nage
sequence with Overly soils. Beotia and G eat Bend soils are well drained soils
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on higher elevations. Bearden soils are on snoother, slightly I ower elevations.
Colvin and Perella soils are in |ow concave swal es and shal |l ow basins. Both
soils are poorly drained. |In addition, Colvin soils have calcic horizons within
depths of 16 inches. Gardena, G yndon and Wal sh soils are on nearby deltas and
| ake plains. @A yndon soils have calcic horizons within depths of 16 inches and
have coarse-silty textures. Fargo and Hegne soils are on nearby |ake plains
where sediments contain nmore clay. Both soils have fine textures.

DRAI NAGE AND PERMEABI LI TY: Well or noderately well drained. Runoff ranges from
negligi ble to medi um depending on slope. Perneability is moderately slowin the
upper part and moderately slow or slow in the substratum below 40 to 60 inches.
A seasonal high water table is at a depth of 3 to 5 feet at sonme tinme during the
period of April through June in the noderately well drained phase. It is at a
depth of 4 to nore than 6 feet for the same period in the well drained phase.

USE AND VEGETATION: Soils mainly are cropped to small grains, sugar beets, and
hay. Native vegetati on was western wheatgrass, green needl egrass, big bluestem
and a variety of forbs.

DI STRI BUTI ON AND EXTENT: Central and eastern North Dakota, northeastern South
Dakot a, and northwestern M nnesot a. The soil is extensive.

M_LRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota

SERI ES ESTABLI SHED: Sargent County, North Dakota, 1961.

REMARKS: Di agnostic horizons and features recognized in this pedon are: mollic
epi pedon - the zone fromthe surface of the soil to a depth of 17 inches (Ap, A,
and Bw horizons); the Bkl horizon has the color but not the organic matter
content to be a nollic epipedon.

ADDI TI ONAL DATA: Laboratory data; S53NDak-9-1, S53NDak-9-2 and N.D
Agricul tural Experinent Station Soils Dept. S66ND-50-1.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON PARNELL MN+ND SD

Est abl i shed Seri es
Rev. HGF- ELB- AGG
2/ 97

PARNELL SERIES

The Parnell series consists of very deep, very poorly drained and poorly drained
soils that formed in water-sorted sedinments fromglacial drift in depressions,
swal es and drai nageways on gl aci al norai nes. These soils have slow perneability.
Sl opes range fromO to 3 percent. Mean annual precipitation is about 20 inches;
and nmean annual air tenperature is about 41 degrees F.

TAXONOM C CLASS: Fine, snectitic, frigid Vertic Argiaquolls

TYPI CAL PEDON: Parnell silty clay loamwith a nearly |level slightly concave
slope in a depression in a glacial nmoraine. (Colors are for moist soil unless
ot herwi se stated.)

Al--0 to 15 inches; black (10YR 2/1) silty clay loam black (10YR 2/1) dry;
noderate very fine and fine subangul ar bl ocky structure; friable; comon roots;
few fine distinct dark brown (7.5YR 3/2) and few fine prom nent reddish brown
(5YR 4/ 4) Fe concentrations; neutral; clear snooth boundary.

A2--15 to 22 inches; very dark gray (10YR 3/1) silt loam dark gray (10YR
4/ 1) dry; nmoderate fine and medium platy structure parting to weak very fine
subangul ar bl ocky; friable; few roots; few patchy gray (10YR 6/1) coatings on
faces of peds when dry; slightly acid; clear snooth boundary. (Conbined
t hi ckness of the A horizons is 8 to 32 inches.)

Btgl--22 to 32 inches; black (10YR 2/1) silty clay loam Very dark gray (10YR
3/1) dry; weak medium prismatic structure parting to noderate medi um subangul ar
bl ocky; firm few roots; many thin coatings of clean sand and silt particles on
faces of peds; few faint black (10YR 2/1) clay films on faces of peds; slightly
aci d; gradual smooth boundary.

Bt g2--32 to 55 inches; black (10YR 2/1) grading to very dark gray (10YR 3/1)
silty clay, very dark gray (10YR 3/1) dry; weak medium prismatic structure
parting to strong angul ar blocky; firm many faint black (10YR 2/1) clay filns
on faces of peds; slightly acid in upper part grading to neutral in |ower part;
di ffuse wavy boundary. (Conbined thickness of Btg horizons is 12 to 40 inches.)

BCg--55 to 80 inches; grayish brown (2.5Y 5/2) grading to olive gray (5Y 5/2)
in the | ower part, silty clay loam weak very fine angul ar bl ocky structure;
firmin upper part and friable in |lower part; few strata of loamand silty clay;
few distinct black (10YR 2/1) and very dark gray (10YR 3/1) clay filns in upper
part; comon fine prom nent reddish brown (5YR 4/4) Fe concentrations and conmon
fine faint dark grayish brown (2.5Y 4/2) Fe depletions; neutral in upper part
becoming slightly alkaline; slight effervescence in |ower part.

TYPE LOCATI ON: Pope County, M nnesota; about 8 mles west and 3 mles north of
St arbuck; 1,320 feet north and 35 feet west of the southeast corner of sec. 10,
T. 125 N, R 40 W, USGS Lowy quadrangle, latitude 45 degrees 38 ninutes 52.56
seconds N., longitude 95 degrees 33 minutes 05.03 seconds W, NAD27
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RANGE | N CHARACTERI STICS: Depth to free cal cium carbonate ranges from35 to
over 80 inches. Pedons typically do not have rock fragnents, but sone pedons
contain as nmuch as 8 percent, by volune, in the |Iower part of the B horizon and
in the C horizon. Stony surface phases have been recogni zed. Sone pedons have
an Oa horizon as nuch as 6 inches thick. The nollic epipedon ranges from24 to
80 inches in thickness and typically includes all or part of the B horizon.

The A horizon has hue of 10YR to 5Y or is neutral, value of 2 or 3, and chroma
of O or 1. It typically is silty clay | oam but the range includes silt |oam
loam and silty clay. It is slightly acid to slightly alkaline

Sone pedons have an E horizon as nuch as 4 inches thick.

The Btg horizon has hue of 10YR to 5Y, value of 2 to 4 and chroma of 1 or 2. It
comonly is silty clay or silty clay |oam but the range includes clay |oam or
clay. It typically averages between 40 and 45 percent clay and ranges from 35
to 60 percent and as nuch as 30 percent sand. B/A clay ratios are 1.2 to 1.8.
The upper part of the B horizon commonly has few to many, thin or medium
coatings of clean sand and silt particles on the faces of peds, but such
coatings are not present in some pedons. Clay films range fromfew to many and
faint to distinct with the greatest nunmber being in the mddle part of the Btg
hori zon. The clay filns have value of 2 or 3. The Btg horizon is slightly acid
to slightly alkaline.

Some pedons have a Bk horizon

The BCg horizon has hue of 10YR to 5Y, value of 3 to 6 chroma of 1 or 2 or |ess

comonly chroma of 3 or 4. It is loam clay loam silty clay loam silty clay
or clay. Sonme ped faces have patchy clay filnms or organic coatings. It ranges
from neutral to noderately alkaline. It has secondary carbonates in sonme
pedons.

The Cg horizon has hue of 10YR to 5Y, value of 3 to 7, chroma of 1 or 2 or |ess
comonly chroma of 3 or 4.. It is loam clay loam silty clay loam silty clay
or clay. It ranges fromneutral to noderately alkaline. It has secondary
carbonates in sone pedons.

Some pedons have a 2Cg horizon that forned in glacial till.
COVPETI NG SERI ES: There are no conpeting series.

GEOGRAPHI C SETTING:. The Parnell soils are in depressions, swales and

dr ai nageways on ground and end norai nes. Slope gradients are 0 to 3 percent.
The Parnell soils forned nostly in water-sorted sedinents fromglacial till.
Cal careous loamor clay loamglacial till comonly underlies these sedinments.
Mean annual air temperature is 38 to 45 degrees F. The nmean annua
precipitation is 16 to 24 inches thick. Frost free days range from 120 to 160
days. Elevation above sea | evel ranges from 1000 to 1600 feet.

GEOGRAPHI CALLY ASSOCI ATED SO LS: The Aastad, Aazdahl, Barnes, Flom Fornman,
Forndal e, Hanmerly, Poinsett, Svea, Vallers, and Waukon soils are the main ones.
These soils formed in loanmy glacial till and are on higher lying or nore sl oping
terrain or both. The Barnes, Forman, Forndal e, Poinsett, and Waukon soils are
wel | drained; the Aastad, Aazdahl and Svea soils are noderately well drained;
the Hamerly soils are noderately well and sonmewhat poorly drained; and the Flom
and Vallers soils are poorly drained.
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DRAI NAGE AND PERMEABI LI TY: Very poorly drained and poorly drained. Surface
runoff is very Iow on the poorly drained phase and ponded on the very poorly
drai ned phase. Perneability is slow. In nost years a seasonal high water table
is at a depth of 0.5 to 1.5 feet during the period Novenber to June for the
poorly drained phase and +1 to .5 during the period January to December for the
very poorly drained phase.

USE AND VEGETATI ON: Most undrained areas are in native vegetation with sonme
used for pasture or hayland. Drained areas are typically used to grow corn,

soybeans, and small grain. Native vegetation is nostly marsh grasses, reeds,
and sedges.

DI STRI BUTI ON AND EXTENT: Western M nnesota, northeastern South Dakota, and
eastern North Dakota. Moderately extensive.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a

SERI ES ESTABLI SHED: Reconnai ssance survey of the Red River Valley of M nnesota,
1933.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nmollic
epi pedon - the zone fromthe surface of the soil to a depth of 55 inches (A and
Btg horizons); argillic horizon - the zone from 22 to 55 inches (Btg horizons);
aqui c condition based on redox features in the nollic epipedon and | ow chroma
colors below the nollic epipedon

The classification was changed based on the | atest revisions to Soil Taxonony.
The previous classification was Typic Argiaquolls.

ADDI TI ONAL DATA: Refer to MAES Central File Code No. 954 for results of sone
| aboratory analysis of the typifying pedon. Soil Interpretation Record nunbers
MNOO35- depr essi onal phase and MN0594.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON PERELLA ND+WN

Est abl i shed Series
Rev. CJH
12/ 97

PERELLA SERIES

The Perella series consists of very deep, poorly drained and somewhat poorly
drai ned soils that formed in lacustrine sedinments. Perneability is noderate or
noderately slow. These soils are on low flats, concave swal es and shal | ow
depressions in glacial |ake plains. Slope ranges fromO to 1 percent. Mean
annual air tenperature is 40 degrees F, and mean annual precipitation is 19

i nches.

TAXONOM C CLASS: Fine-silty, m xed, superactive, frigid Typic Endoaquolls

TYPI CAL PEDON: Perella silty clay loam- on a |evel concave sl ope of |ess than
1 percent under grass. (Colors are for moist soil unless otherw se stated.
Wher e descri bed the soil was noist throughout.)

Al--0 to 9 inches; black (N 2/0) silty clay loam very dark gray (N 3/0) dry;
nmoderate very fine angular blocky structure; very hard, very friable, sticky and
slightly plastic; many roots, many pores, neutral; clear irregular boundary.

A2--9 to 14 inches; very dark gray (5Y 3/1) silty clay |loam dark gray (5Y
4/ 1) dry; few fine promnent light olive brown (2.5Y 5/6) redox concentrations;
noderate very fine angular bl ocky structure; very hard, very friable, sticky and
slightly plastic; many roots; many pores; neutral; clear wavy boundary.

(Conbi ned A horizons 7 to 24 inches thick)

Bgl--14 to 18 inches; very dark gray (5Y 3/1) silty clay |loam gray (5Y 5/1)
dry; many fine prom nent dark yellow sh brown (10YR 4/4) and distinct olive (5Y
4/ 3) redox concentrations; strong fine and very fine angul ar bl ocky structure;
hard, friable, sticky and plastic; comon roots; many fine pores, neutral;
gradual wavy boundary.

Bg2--18 to 24 inches; dark gray (5Y 4/1) silty clay loam gray (5Y 5/1) dry;
many fine prom nent dark reddish brown (5YR 3/3) and many fine distinct olive
(5Y 5/4) redox concentrations; noderate nmedium and thin platy structure; hard,
friable, sticky and plastic; fewroots, many fine pores; slightly alkaline;
cl ear wavy boundary. (Combined Bg horizons 6 to 18 inches thick)

Cgl--24 to 30 inches; olive gray (5Y 5/2) silt loam light gray (5Y 7/2) dry;
many fine prom nent strong brown (7.5YR 5/6) and dark reddi sh brown (5YR 3/4)
and many |large prom nent dark reddish browmn (5YR 2/2) redox concentrations;
noderate medi um and thin platy structure; hard, friable, slightly sticky and
slightly plastic; few roots; common fine pores, slightly alkaline, gradual wavy
boundary.

Cg2--30 to 52 inches; gray (5Y 6/1) silt loam |light gray (5Y 7/1) dry; many
fine prom nent strong brown (7.5YR 5/6) redox concentrations; massive; hard,
friable, slightly sticky and slightly plastic; few medium pores; many snal |
i ron- manganese accunul ations; slight effervescence; noderately al kaline; gradua
wavy boundary.
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Cg3--52 to 60 inches; light olive brown (2.5Y 5/4) silty clay |oam pale yellow
(2.5Y 7/4) dry; many nmedi um prom nent gray (5Y 6/1) redox depletions and many
fine prom nent strong brown (7.5YR 5/6) redox concentrations; nmassive; hard,
friable, sticky and plastic; few soft small iron accumul ati ons; slight

ef fervescence; noderately al kal i ne.

TYPE LOCATI ON: Penbi na County, North Dakota; about 1/2 mle south and 2 mles
west of Joliet; 1,390 feet north and 300 feet west of southeast corner, sec. 31,
T. 162 N., R 51 W

RANGE | N CHARACTERI STI CS: Thi ckness of the nollic epi pedon ranges from about 10
to 24 inches. Depth to carbonates ranges from 16 to 36 inches.

The A horizon has hue of 10YR, 2.5Y, or 5Y, value of 2 or 3 and 3 or 4 dry, and
chroma of 1 or less. It is silt loam silty clay, clay, silty clay |loam clay
loamor loam It is neutral or slightly alkaline

The Bg horizon has hue of 10YR, 2.5Y, 5Y, or is neutral, value of 2 to 4 and 3
to 6 dry, and chroma of 3 or less. It has few to many distinct or promnent |ow
or high chroma redox features. It is silt loamor silty clay loam It has thin
| ayers of silty clay or clay in some pedons. It typically contains about 24 to
30 percent clay but ranges from 18 to 35 percent. It is neutral or slightly

al kaline. It has noderate or strong grades or nediumor fine angular or
subangul ar bl ocky structure. Sone is weak or noderate prismatic structure
parting easily to blocky or platy structure. Sone pedons have a Bkg horizon

bel ow a depth of 16 inches

The Cg horizon has hue of 5Y or 2.5Y, value of 4 to 6 and 5 to 7 dry, and chrom
of 1 to 4. It has many redox features with chroma of 1 to 6. It is silt, silt
loamor silty clay loam and is massive or varved. Coarser or finer textured
sedi nents are bel ow depths of 40 inches in some pedons. The Cg horizon is
slightly al kaline or noderately alkaline.

COWPETI NG SERIES: This is the Hi dewood series as previously classified.
Hi dewood soils have fine-loamy glacial till within depths of 40 inches.

GEOGRAPHI C SETTING. Perella soils are on flats, concave swal es and shal | ow
depressions in glacial |ake plains. Slope gradients are 0 to 1 percent. The
soils formed in calcareous silt loamand silty clay | oam |l acustrine sedi nents.
The climate is cool, subhum d. The mean annual tenperature ranges from about 36
to 48 degrees F., and the mean annual precipitation from 15 to 27 inches.
Frost-free period ranges from 90 to 140 days. Elevation above sea | evel ranges
from 650 to 2350 feet.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Bearden, Borup, Colvin, Gardena,
G yndon and Overly soils. Bearden, Colvin and Overly soils are on slightly

hi gher elevations in the |ake plain. Bearden and Colvin soils have calcic

hori zons within depths of 16 inches. Overly soils do not have distinct nottling
within depths of 30 inches and are noderately well drained. Borup, Gardena and

G yndon soils are on nearby | ake plains and are coarse-silty.

DRAI NAGE AND PERMEABI LI TY: Poorly or sonmewhat poorly drained. Runoff is
negligi ble to ponded. Mderate or noderately slow perneability. Wter runs
onto these soils and ponds for a tinme during wet seasons. The poorly drained
Perella soils commonly are too wet to cultivate unless drained. A seasonal high
water table is at a depth of 0.5 foot above the surface to 1.5 feet below the
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surface sonetinme during the period March through July on the poorly drained
phase. It is at a depth of 1.0 foot to 2.5 feet sonetime during the period
April through June on the sonmewhat poorly drained phase.

USE AND VEGETATION: Soils are cropped to spring seeded small grains. Undrai ned
areas are used for pasture or hay. Native vegetation of the poorly drained part
is northern reedgrass, prairie cordgrass, slimsedge, and wooly sedge,

DI STRI BUTI ON AND EXTENT: Eastern North Dakota and northwestern M nnesota. The
soil is extensive.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota
SERI ES ESTABLI SHED: Sargent County, North Dakota, 1961.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nmollic
epi pedon - the zone fromthe surface of the soil to a depth of 18 inches (A1,

A2, and Bgl horizons); canbic horizon - the zone from 18 to 24 inches (Bg2

hori zon); characteristics associated with wetness - chroma of 1 and distinct and
prom nent redox concentrations in the lower part of the mollic epipedon (Bgl
hori zon).

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON PLAYMOOR SD+ND

Est abl i shed Seri es
Rev. LDS-JMS
2/ 97

PLAYMOOR SERIES

The Pl aynoor series consists of very deep, poorly drained soils formed in
alluviumon flood plains. Perneability is nmoderately slow. Slopes are | ess than
2 percent. Mean annual precipitation is about 21 inches, and nmean annual air
tenperature is about 43 degrees F.

TAXONOM C CLASS: Fine-silty, mxed, superactive, calcareous, frigid Cumulic
Endoaquol | s

TYPI CAL PEDON: Playmoor silty clay loam - on flood plain of Whetstone River
under native grass. When described the soil was wet to 60 inches. (Colors are
for moist soil unless otherw se stated.)

Az--0 to 6 inches; black (5Y 2/1) silty clay loam dark gray (5Y 4/1) dry;
weak fine granular structure; slightly hard, friable, slightly sticky and
slightly plastic; common fine accunul ations of salt; strong effervescence
slightly al kaline; clear wavy boundary. (6 to 22 inches thick)

Bz--6 to 16 inches; very dark gray (5Y 3/1) silty clay loam gray (N 5/0)
dry; weak medi um and coarse subangul ar bl ocky structure parting to weak fine and
medi um granul ar; slightly hard, friable, slightly sticky and slightly plastic;
many fine accumul ati ons of salt; conmon fine nests of gypsuny strong
ef fervescence; slightly al kaline; abrupt wavy boundary. (0 to 24 inches thick)

Bkz--16 to 23 inches; black (5Y 2/1) silty clay |loam dark gray (N 4/0) dry;
weak medi um and coarse subangul ar bl ocky structure; slightly hard, friable,
slightly sticky and slightly plastic; few fine accumul ati ons of salt; few medium
accunul ati ons of carbonate; strong effervescence; slightly alkaline; clear wavy
boundary.

Bk--23 to 38 inches; very dark gray (5Y 3/1) silty clay loam gray (N 5/1)
dry; few fine faint very dark grayish brown (10YR 3/2) redox concentrations;
weak coarse subangul ar bl ocky structure; hard, friable, sticky and slightly
plastic; few fine and nedi um accumul ati ons of carbonate; strong effervescence;
slightly al kaline; clear wavy boundary. (Comnbined Bk horizons are 0 to 32
i nches thick.)

Cg--38 to 60 inches; gray (5Y 5/1) silty clay loam |ight gray (5Y 6/1) dry;
many fine distinct very dark grayish brown (10YR 3/2) and few nmedi um di stinct
yel |l owi sh brown (10YR 5/6) redox concentrations; massive; hard, firm sticky and
plastic; few fine and nedi um accumul ati ons of carbonate; strong effervescence;
slightly al kaline.

TYPE LOCATI ON: Roberts County, South Dakota; about one-third mle north of
Wl not; 2212 feet east and 1760 feet north of the southwest corner of sec. 31,
T. 123 N., R 49 W

Devils Lake Salinity Study: Appendix B2 Page 182
Sheyenne Valley



RANGE | N CHARACTERI STICS: The 10 to 40 inch particle size control section
typically is silty clay loam but silt loamis within the range averagi ng

bet ween 20 and 35 percent noncarbonate clay. Some pedons have thin | ayers
within the control section containing nore than 35 percent clay. The nollic

epi pedon ranges from 24 to nore than 60 inches in thickness. The electrica
conductivity ranges from4 to 16 nmho/cmin the upper 20 inches of the profile.
Exchangeabl e sodi um percentage ranges from about 8 to 16 percent. Reaction is
slightly alkaline to strongly al kaline throughout. Buried A horizons are common.
The A horizon and control section contain carbonate.

The A horizon has hue of 10YR, 2.5Y, 5Y, or neutral; value of 2 or 3 and 3 to 5
dry; and chroma of 1 or less. It is silty clay loamor silt loam Fine
accunul ati ons of salt range fromfew to many in the A horizon.

The Bz horizon has hue of 10YR, 2.5Y, 5Y, or neutral; value of 2 to 4 and 3 to 7
dry; and chroma of 1 or less. It is silty clay loamor silt |oam

Accurrul ati ons of salts, carbonate, and gypsumare few to many. Sone pedons have
a BC horizon with colors of the Bz horizon. Sonme pedons do not have Bz

hori zons

The Bk horizon has hue of 2.5Y, 5Y, or neutral; value of 2 to 6 and 4 to 7 dry;
and chroma of 0 or 1. It is silty clay loamor silt loam Sone pedons have a
Bg horizon with colors of the Bk horizon.

The Cg horizon has hue of 2.5Y or 5Y, value of 3 to 6 and 5 to 7 dry, and chroma
of 0to 2. dacial till or thin strata of sand, silt or clay are below a depth
of 40 inches in some pedons. Some pedons have a Cyg hori zon.

COWPETI NG SERI ES: These are the Downata, Halleck, Inkom Lamure, and Rauville
series. Downata, Halleck, and Inkom soils do not have electrical conductivities
greater than 4 in the upper 20 inches of the control section. The Lanmoure and
Rauville soils contain |less visible salt throughout the profile and contain | ess
than 8 percent exchangeabl e sodi um

GEOGRAPHI C SETTING:. The Playnoor soils are on nearly level flood plains and
broad flats. Slope gradients are less than 2 percent. They fornmed in silty and
cl ayey alluvial sedinents and have high water tables. Mean annual air
tenperature ranges from 36 to 48 degrees F., and nean annual precipitation from
17 to 24 inches. G owi ng season is about 120 to 130 days; average grow ng
season precipitation ranges from 14 to 18 inches; and grow ng degree days are
about 2500 to 3000.

GEOGRAPHI CALLY ASSCOCI ATED SO LS: These are the conpeting Lambure soils and the
Dovray, Forman, LaDelle, Ludden, Peever, and Poinsett soils. The Lanoure and
Ludden soils are in simlar |andscapes. Dovray soils are deeper to carbonate,
have a fine textured series control section, and are on sim | ar |andscapes. The
For man, Peever, and Poinsett soils do not have redox features with chroma of 2
or less within depths of 40 inches and are on adjacent uplands. |In addition

t he Forman and Peever soils have argillic horizons. LaDelle soils are noderately
wel | drained and do not have concentrations of salt in the upper part of the
profile, and are on slightly higher positions on the |andscape. Ludden soils
have a fine textured series control section.

DRAI NAGE AND PERMEABI LI TY: Poorly drained. Runoff is negligible or |ow.
Pernmeability is noderate or noderately slow. The water table is near the
surface in the spring and at depths of 20 to 40 inches in the fall. The soils
fl ood for short periods when streans overfl ow.
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USE AND VEGETATI ON: Mostly used as pasture or hayland. Sonme areas are used to
grow corn, small grains, and feed crops. Native vegetation is nuttal

al kal i grass, switchgrass, cordgrass, foxtail barley, western wheatgrass, sedges,
and forbs.

DI STRI BUTI ON AND EXTENT: Northeastern South Dakota and adjacent parts of North
Dakota. The series is of noderate extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a
SERI ES ESTABLI SHED: Marshal |l County, South Dakota, 1970.

REMARKS: The Pl aynmpor soils have 15 to 20 percent cal cium carbonate equival ent
at depths greater than 16 inches.

Di agnostic horizons and features recognized in this pedon are: nmollic epipedon
- the zone fromthe surface of the soil to a depth of about 38 inches (Az, Bz,
Bkz, Bk horizons).

Nat i onal Cooperative Soil Survey
U S A
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LOCATI ON RAUVI LLE SD+MN ND

Est abl i shed Seri es
Rev. PRJ-DLB-JMS
12/ 97

RAUVILLE SERIES

The Rauville series consists of very deep, very poorly drained soils fornmed in
alluviumon flats and flood plains. Pernmeability is noderately slow in the
upper part and noderately rapid in the underlying sand and gravel. Slopes are
| ess than 2 percent. Mean annual precipitation is about 22 inches and mean
annual air tenperature is about 43 degrees F.

TAXONOM C CLASS: Fine-silty, mxed, superactive, calcareous, frigid Cumulic
Endoaquol | s

TYPI CAL PEDON: Rauville silty clay loam - on a plane slope of less than 1
percent in native range. Wen described the soil was wet. (Colors are for npist
soil unless otherw se stated.)

Al--0 to 7 inches; black (10YR 2/1) silty clay |loam gray (10YR 5/1 and dark
gray (10YR 4/1) dry; weak fine granular structure; slightly hard, friable,
slightly sticky and slightly plastic; many fine roots; few fine and nedi um snai
shell fragnents; strong effervescence; noderately al kaline; clear snmooth
boundary.

A2--7 to 27 inches; black (10YR 2/1) silty clay loam dark gray (10YR 4/1)
dry; noderate fine granular structure; slightly hard, friable, slightly sticky
and slightly plastic; comon fine roots; few fine and medi um snail shel
fragments; strong effervescence; noderately al kaline; gradual smooth boundary.
(Combi ned thickness of the A horizon is 24 to 42 inches)

Cg--27 to 45 inches; dark gray (2.5Y 4/1) silty clay loam Ilight gray (10YR
6/1) dry; massive; hard, friable, sticky and plastic; few fine roots; common
fine and medium snail shell fragnments; strong effervescence; noderately
al kal i ne; abrupt smooth boundary. (0 to 35 inches thick)

2Cg--45 to 60 inches; light olive brown (2.5Y 5/3) stratified gravelly sand
and clay loam 1light yellow sh brown (2.5Y 6/3) dry; conmon medi um proni nent
yel |l owi sh brown (10YR 5/8) and common medi um di stinct greenish gray (5G 6/1)
nmottl es; massive; very hard, firm strong effervescence; noderately alkaline.

TYPE LOCATION: Grant County, South Dakota; about 5 mles south and 13 niles
west of Marvin; 635 feet west and 90 feet south of the northeast corner of sec.
17, T. 120 N., R 52 W

RANCGE | N CHARACTERI STI CS: The thickness of the nollic epipedon ranges from 24
to nore than 60 inches. The series control section typically is silty clay |oam
or silt |oam averagi ng between 25 and 35 percent clay. The calcium carbonate
equi val ent ranges from 20 to 40 percent. From 10 to 20 percent of the cal cium
carbonate is clay-size carbonates. Sone pedons have nottles throughout. An O
horizon up to 6 inches thick is on some pedons.
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The A horizon has a hue of 10YR, 2.5Y, 5Y or is neutral; value of 2 or 3 and 3
to 5 dry; and chroma of 2 or less. It is silty clay loamor silt [oamw th high
organic matter content. It is slightly alkaline or noderately al kaline. Sone
pedons have Ak and Bkg hori zons.

The Cg horizon has a hue of 10YR, 2.5Y, 5Y or is neutral; value of 2 to 6 and 5
to 8 dry; and chroma of 1 or less. Sonme pedons have chroma of 2 with nottles.

It is silty clay loamor silt loam but is silty clay, clay loam or |oam below
a depth of 40 inches in sone pedons. It is slightly alkaline or noderately

al kal i ne.

The 2C horizon has hue of 2.5Y or 5Y, value of 4 to 6 and 5 to 8 dry, and chrom
of 1 to 4. It is stratified gravelly sand with thin |layers of gravelly sandy

| oam sandy loam silt loam |oam fine sandy loam and clay loam |t ranges
fromneutral to noderately al kaline. Some pedons do not have 2C hori zons.

COWVPETI NG SERI ES: These are the Downata, Halleck, Inkom Lamoure, and Pl aynoor
series. Downata and Hall eck soils have violent effervescence at depths of 20 to
40 inches and are drier in the soil moisture control section during the 120 days
following the sumrer solstice. |In addition Downata soils have a high water
table of 0 to 18 inches from January to June. Inkomsoils have 18 to 27 percent
clay in the particle size control section. Lanoure soils typically have nottles
within depths of 40 inches and are poorly drained. Playnoor soils have many
salt accunulations in the upper part of the control section.

GEOGRAPHI C SETTING: Rauville soils are on flat to nearly |evel |ow bottom | ands
al ong streans and drai nageways. Slopes are less than 2 percent. They forned in
cal careous, silty recent alluvium The nean annual air tenperature ranges from
38 to 48 degrees F, and nmean annual precipitation ranges from 14 to 24 inches.
Growi ng season is about 120 to 130 days; average grow ng season precipitation
ranges from 14 to 18 inches; and grow ng degree days are about 2500 to 2900

GEOGRAPHI CALLY ASSCOCI ATED SO LS: These are the conpeting Lanmobure and Pl aynmoor
soils and the simlar Divide, Fordville, LaDelle, Mrysland, O dham Parnell
Renshaw, and Spottswood soils. Lamoure, Playnoor, and Marysland soils are on
slightly higher positions on bottomlands. The Divide, Fordville, Renshaw, and
Spottswood soils are underlain by sand and gravel at depths less than 40 inches
and are on hi gher adjacent |andscapes. Ladelle soils have a drier soil noisture
control section and are on higher position on the |andscape. Marysland soils

have calcic horizons within 16 inches. O dham soils have a fine textured
series control section. Parnell soils have a fine textured control section and
have argillic horizons. The O dham and Parnell are poorly drained soils in

depressi ons.

DRAI NAGE AND PERMEABI LI TY: Very poorly drained; surface runoff is very | ow,
pernmeability is noderately slow or noderate and is noderately rapid in
underlying sand and gravel. These soils have a water table that typically is at
or near the surface and is within 2 feet of the surface even in periods of
drought. A ponded phase is recognized in which up to 2 feet of water is on the
sur face.

USE AND VEGETATION: Mostly used to grow grass for pasture. Native vegetation
is prairie cordgrass, reedgrass, rivergrass, sedges, and forbs.

DI STRI BUTI ON AND EXTENT: Northeastern South Dakota, eastern North Dakota, and
western M nnesota. It is noderately extensive.
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MLRA OFFI CE RESPONSI BLE: St. Paul, M nnesota
SERI ES ESTABLI SHED: Rock County, M nnesota, 1945.
REMARKS: Di agnostic horizons and features recognized in this pedon are: nollic

epi pedon - the zone fromthe surface of the soil to a depth of about 27 inches
(Al, A2 horizons).

Nat i onal Cooperative Soil Survey
U. S. A
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LOCATI ON RENSHAW SD+MN ND

Est abl i shed Series
Rev. WB- CJH
10/ 98

RENSHAW SERIES

The Renshaw series consists of very deep, somewhat excessively drained soils
formed in |oany sedinments and the underlying sand and gravel on outwash plains
and terraces.

Permeability is noderate in the upper part and very rapid in the underlying
material. Slopes range fromO to 25 percent. Mean annual precipitation is
about 22 inches and nean annual air tenperature is about 43 degrees F.

TAXONOM C CLASS:. Fine-I|oany over sandy or sandy-skel etal, m xed, superactive,
frigid Calcic Hapludolls

TYPI CAL PEDON: Renshaw | oam - on a plane slope of less than 1 percent in a
cultivated field. When described the soil was dry throughout. (Colors are for
dry soil unless otherwi se stated.)

Ap--0 to 7 inches; dark gray (10YR 4/1) |oam black (10YR 2/1) nvoist; weak
fine granular structure; slightly hard, very friable; neutral; clear smooth
boundary. (4 to 12 inches thick)

Bw--7 to 15 inches; dark grayish brown (10YR 4/2) |oam very dark grayish
brown (10YR 3/2) noist; weak nedium prismatic structure parting to weak nmedi um
subangul ar bl ocky; slightly hard, very friable; few pebbles; neutral; abrupt
wavy boundary. (6 to 12 inches thick)

2Bk--15 to 20 inches; vari-colored gravelly |loamy sand; single grain; |oose;
carbonates coat the undersides of pebbles; slight effervescence; slightly
al kaline; diffuse wavy boundary. (0 to 25 inches thick)

2C2--20 to 60 inches; vari-colored gravelly | oamy sand; single grain; |oose
strong effervescence; slightly alkaline.

TYPE LOCATI ON:  Codi ngton County, South Dakota; about 6 mles south and 4 mles
east of Florence; 80 feet north and 255 feet east of the southwest corner of
sec. 5, T. 117 N., R 53 W

RANGE | N CHARACTERI STICS: The depth to sand and gravel (15 to 55 percent grave
by volunme) ranges from 14 to 20 inches. Thickness of the mollic epi pedon ranges
from7 to 16 inches and includes all of the B horizon in nost pedons.

The A horizon has value of 3 or 4 and 2 or 3 mpist, and chroma of 1 or 2. It
typically is loam but is gravelly |loam sandy |loam stony |loam or very stony
| oam in sone pedons. It ranges from nmoderately acid to slightly al kaline. Some

pedons have an ABK hori zon.

The Bw horizon has hue of 10YR or 7.5YR value of 3 to 5 and 3 or 4 mpist, and
chroma of 1 to 4. It typically is loam but it is sandy | oam sandy clay |oam
or gravelly loamcontaining |less than 30 percent by volunme of gravel. It
typically is noderately acid to slightly alkaline, but is noderately alkaline in
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the |l ower part of some pedons. In sonme pedons there is a |oanmy sand or sandy
| oam transitional horizon |less than 5 inches thick between the Bw and 2C
hori zons. Sone pedons have Bk horizons.

The 2Bk and 2C horizons have hue of 10YR or 2.5Y, value of 4 to 7, 3 to 6 noist,
and chroma of 2 to 4 and are gravelly |l oamy sand, very gravelly | oany sand,
gravel ly sand, very gravelly sand, gravelly coarse sand, very gravelly coarse
sand, or coarse sand. Some pedons are | oanmy sand bel ow depths of 40 inches.

Cal cium carbonates are in the upper part as coats on the undersides of pebbles,
but sonme pedons do not have carbonates. Reaction ranges from noderately acid to
noder at el y al kal i ne

COVPETI NG SERI ES: This is the Brantford series. The Brantford soils contain
nore than 35 percent shale fragnments in the | ower one-third of the series
control section.

GEOGRAPHI C SETTI NG: Renshaw soils are nearly |level to noderately steep on
outwash plains, glacial streamterraces, flood plains, and terrace escarpnents.
Sl ope gradients typically are |l ess than 6 percent but range fromO to 25
percent. Renshaw soils formed in a thin layer of Ioamy alluviumunderlain by
thi ck beds of sand and gravel. Mean annual tenperature ranges from 36 to 48
degrees F, and nean annual precipitation ranges from 15 to 28 inches, nobst of
which falls in spring and sunmer. G owi ng season is about 100 to 165 days;
average growi ng season precipitation ranges from 15 to 28 inches; grow ng degree
days are about 2400 to 3000. Elevation above sea |level ranges from 650 to 2350
feet.

GEOGRAPHI CALLY ASSCCI ATED SO LS: These are the Divide, Fordville, Sioux, and
Spottswood. The Divide soils have a calcic horizon and are in the | ower
positions in the | andscape adj acent to swal es and depressions. Fordville and
Spott swood soils have a nollic epi pedon nore than 16 inches thick. Fordville
and Spottswood soils are on simlar |andscapes. Sioux soils have sand and
gravel at depths less than 14 inches and are on steeper convex sl opes.

DRAI NAGE AND PERMEABI LI TY: Somewhat excessively drained. Runoff is negligible
to | ow depending on slope. Perneability is noderate in the upper part and very
rapid in the underlying materi al

USE AND VEGETATI ON: \When cultivated, the principal crops are small grains and

al falfa. Native grass species include needl eandthread, little bluestem bl ue
granmm, sideoats gramm, green needl egrass, sedges, forbs, and shrubs.

DI STRI BUTI ON AND EXTENT: Northeastern South Dakota, eastern North Dakota, and
western M nnesota. The series is of large extent.

M_LRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota

SERI ES ESTABLI SHED: Br ooki ngs County, South Dakota, 1956

REMARKS: Di agnostic horizons and features recognized in this pedon are: nmollic
epi pedon - the zone fromthe surface of the soil to a depth of about 15 inches

(Ap and Bw horizons).

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON RENSHAW SD+MN ND

Est abl i shed Series
Rev. WB- CJH
10/ 98

RENSHAW SERIES

The Renshaw series consists of very deep, somewhat excessively drained soils
formed in |oany sedinments and the underlying sand and gravel on outwash plains
and terraces.

Permeability is noderate in the upper part and very rapid in the underlying
material. Slopes range fromO to 25 percent. Mean annual precipitation is
about 22 inches and nean annual air tenperature is about 43 degrees F.

TAXONOM C CLASS:. Fine-I|oany over sandy or sandy-skel etal, m xed, superactive,
frigid Calcic Hapludolls

TYPI CAL PEDON: Renshaw | oam - on a plane slope of less than 1 percent in a
cultivated field. When described the soil was dry throughout. (Colors are for
dry soil unless otherwi se stated.)

Ap--0 to 7 inches; dark gray (10YR 4/1) |oam black (10YR 2/1) nvoist; weak
fine granular structure; slightly hard, very friable; neutral; clear smooth
boundary. (4 to 12 inches thick)

Bw--7 to 15 inches; dark grayish brown (10YR 4/2) |oam very dark grayish
brown (10YR 3/2) noist; weak nedium prismatic structure parting to weak nmedi um
subangul ar bl ocky; slightly hard, very friable; few pebbles; neutral; abrupt
wavy boundary. (6 to 12 inches thick)

2Bk--15 to 20 inches; vari-colored gravelly |loamy sand; single grain; |oose;
carbonates coat the undersides of pebbles; slight effervescence; slightly
al kaline; diffuse wavy boundary. (0 to 25 inches thick)

2C2--20 to 60 inches; vari-colored gravelly | oamy sand; single grain; |oose
strong effervescence; slightly alkaline.

TYPE LOCATI ON:  Codi ngton County, South Dakota; about 6 mles south and 4 mles
east of Florence; 80 feet north and 255 feet east of the southwest corner of
sec. 5, T. 117 N., R 53 W

RANGE | N CHARACTERI STICS: The depth to sand and gravel (15 to 55 percent grave
by volunme) ranges from 14 to 20 inches. Thickness of the mollic epi pedon ranges
from7 to 16 inches and includes all of the B horizon in nost pedons.

The A horizon has value of 3 or 4 and 2 or 3 mpist, and chroma of 1 or 2. It
typically is loam but is gravelly |loam sandy |loam stony |loam or very stony
| oam in sone pedons. It ranges from nmoderately acid to slightly al kaline. Some

pedons have an ABK hori zon.

The Bw horizon has hue of 10YR or 7.5YR value of 3 to 5 and 3 or 4 mpist, and
chroma of 1 to 4. It typically is loam but it is sandy | oam sandy clay |oam
or gravelly loamcontaining |less than 30 percent by volunme of gravel. It
typically is noderately acid to slightly alkaline, but is noderately alkaline in
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the |l ower part of some pedons. In sonme pedons there is a |oanmy sand or sandy
| oam transitional horizon |less than 5 inches thick between the Bw and 2C
hori zons. Sone pedons have Bk horizons.

The 2Bk and 2C horizons have hue of 10YR or 2.5Y, value of 4 to 7, 3 to 6 noist,
and chroma of 2 to 4 and are gravelly |l oamy sand, very gravelly | oany sand,
gravel ly sand, very gravelly sand, gravelly coarse sand, very gravelly coarse
sand, or coarse sand. Some pedons are | oanmy sand bel ow depths of 40 inches.

Cal cium carbonates are in the upper part as coats on the undersides of pebbles,
but sonme pedons do not have carbonates. Reaction ranges from noderately acid to
noder at el y al kal i ne

COVPETI NG SERI ES: This is the Brantford series. The Brantford soils contain
nore than 35 percent shale fragnments in the | ower one-third of the series
control section.

GEOGRAPHI C SETTI NG: Renshaw soils are nearly |level to noderately steep on
outwash plains, glacial streamterraces, flood plains, and terrace escarpnents.
Sl ope gradients typically are |l ess than 6 percent but range fromO to 25
percent. Renshaw soils formed in a thin layer of Ioamy alluviumunderlain by
thi ck beds of sand and gravel. Mean annual tenperature ranges from 36 to 48
degrees F, and nean annual precipitation ranges from 15 to 28 inches, nobst of
which falls in spring and sunmer. G owi ng season is about 100 to 165 days;
average growi ng season precipitation ranges from 15 to 28 inches; grow ng degree
days are about 2400 to 3000. Elevation above sea |level ranges from 650 to 2350
feet.

GEOGRAPHI CALLY ASSCCI ATED SO LS: These are the Divide, Fordville, Sioux, and
Spottswood. The Divide soils have a calcic horizon and are in the | ower
positions in the | andscape adj acent to swal es and depressions. Fordville and
Spott swood soils have a nollic epi pedon nore than 16 inches thick. Fordville
and Spottswood soils are on simlar |andscapes. Sioux soils have sand and
gravel at depths less than 14 inches and are on steeper convex sl opes.

DRAI NAGE AND PERMEABI LI TY: Somewhat excessively drained. Runoff is negligible
to | ow depending on slope. Perneability is noderate in the upper part and very
rapid in the underlying materi al

USE AND VEGETATI ON: \When cultivated, the principal crops are small grains and

al falfa. Native grass species include needl eandthread, little bluestem bl ue
granmm, sideoats gramm, green needl egrass, sedges, forbs, and shrubs.

DI STRI BUTI ON AND EXTENT: Northeastern South Dakota, eastern North Dakota, and
western M nnesota. The series is of large extent.

M_LRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota

SERI ES ESTABLI SHED: Br ooki ngs County, South Dakota, 1956

REMARKS: Di agnostic horizons and features recognized in this pedon are: nmollic
epi pedon - the zone fromthe surface of the soil to a depth of about 15 inches

(Ap and Bw horizons).

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON RYAN ND+SD

Est abl i shed Series
Rev. CJH
02/ 97

RYAN SERIES

The Ryan series consists of very deep, poorly drained, very slowy perneable
soils that formed in al kaline clayey sedinments. These soils are on stream
terraces and gl acial | ake plains and have slopes of 0 to 1 percent. Mean annua
air tenperature is 42 degrees F, and mean annual precipitation is 18 inches.

TAXONOM C CLASS: Fine, snectitic, frigid Typic Natraquerts

TYPI CAL PEDON: Ryan silty clay on a plane | evel slope of |less than 1 percent
under grass. \When described the soil was moist throughout. (Colors are for
noi st soil unl ess otherw se stated)

E--0 to 2 inches; black (10YR 2/1) silty clay, dark gray (10YR 4/1) dry;
weak thin platy and angul ar bl ocky structure; very hard, firm sticky and
pl astic; many fine roots; noderately al kaline; abrupt smooth boundary. (0 to 3
i nches thick)

Btnl--2 to 4 inches; black (10YR 2/1) silty clay, dark gray (5Y 4/1) dry;
strong nmedi um and coarse columar structure parting to strong fine angul ar
bl ocky; top of columns coated with gray (5Y 5/1) silt coatings; very hard, firm
very sticky and very plastic; comon fine roots; many faint clay filnms on faces
of peds; strongly al kaline; clear snooth boundary.

Btn2--4 to 8 inches; black (10YR 2/1) silty clay, dark gray (5Y 4/1) dry;
noder at e medi um and coarse prismatic structure parting to strong fine angul ar
bl ocky; very hard, firm very sticky and very plastic; many fine roots; many
faint clay films on faces of peds; slight effervescence; strongly al kaline;
cl ear wavy boundary. (Conbined Btn horizons 5 to 25 inches thick)

Bgl--8 to 22 inches; black (10YR 2/1) silty clay, dark gray (N 4/0) dry;
very weak coarse prismatic structure parting to noderate fine subangul ar bl ocky;
very hard, firm very sticky and very plastic; common fine roots; few carbonate
masses; conmmon fine salt crystals; strong effervescence; strongly al kaline;
gradual wavy boundary.

Bg2--22 to 36 inches; black (10YR 2/1) silty clay, dark gray (N 4/0) dry;
weak medi um prismatic structure parting to noderate medi um subangul ar bl ocky;
very hard, firm very sticky and very plastic; comon fine salt crystals; few
carbonate masses; strong effervescence; strongly al kaline; gradual wavy
boundary. (Combi ned Bg horizons 0 to 35 inches thick)

Cg--36 to 60 inches; very dark gray (5Y 3/1) silty clay, gray (N 5/0) dry;
massi ve; very hard, firm very sticky and very plastic; comon fine gypsum
crystals; few fine carbonate masses; strong effervescence; strongly al kaline.

TYPE LOCATI ON: Dickey County, North Dakota; about 4 mles north and 2 1/4 mles
west of Oakes; 1,810 feet south and 1,735 feet west of the northeast corner,
sec. 36, T. 132 N, R 60 W
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RANGE | N CHARACTERI STICS: The depth to carbonates typically is about 4 to 10

i nches, but some pedons have carbonates to the surface. The nmollic epipedon
typically is nmore than 30 inches thick, but ranges from 20 to 50 inches in

thi ckness. \Where uncultivated, the conmbined A and E horizon thickness is |ess
than 5 inches. The soil ranges fromslightly acid in the upper part to strongly
al kaline in the | ower part.

Some pedons have an A horizon up to 21 inches thick. Were present, it has hue
of 10YR, 2.5Y, 5Y or is neutral, value of 2 or 3 and 3 to 5 dry, and chronma of 1
or less. It is loam silty clay, clay or silty clay loam Sone pedons have an
Ap horizon up to 9 inches thick

The E horizon has hue of 10YR, value of 2 or 3 and 4 or 5 dry, and chroma of 1.
It is loam silt loam silty clay loamor silty clay.

The Btn horizon has hue of 10YR, 2.5Y, or 5Y, value of 2 or 3 and 3 or 4 dry,

and chroma of 1 or 2. It typically is clay or silty clay averaging 50 to 60

percent clay, but ranges from 35 to 60 percent clay. Sone pedons have a Btnz,
Bk or Bkz horizon.

The Bg and Cg hori zons have hue of 10YR, 2.5Y, 5Y, or are neutral, value of 2 to
4 and 4 to 6 dry, and chroma of 3 or less. \Were chroma is 2 or 3, the hue is
either 5Y or the soil has nottles with chroma of 1 or less. It typically is
silty clay or clay averaging between 45 and 60 percent clay, but sonme is silty
clay loam Salt crystals and carbonate accumul ations are in the C horizon in
nost pedons. Coarser-textured sedinents are in sone pedons at a depth of 40 to
60 inches.

COWPETI NG SERIES: These are the Harriet and Ransl o series as previously
classified and the Heil series. Harriet soils average 35 to 50 percent clay in
the Btn horizon and forned in stratified alluvium Ranslo soils have combi ned A
and E horizon thickness of nore than 5 inches, and are sonmewhat poorly drai ned.
Heil soils are deeper than 12 inches to salts or carbonates and they are absent
in the A, E and upper Btn hori zons.

GEOGRAPHI C SETTING. Ryan soils are on level streamterraces and gl aci al |ake
plains with slope gradients of O to 1 percent. The soils formed in alkaline
cl ayey sedinents. The climate is cool, subhumid, with long cold wi nters and
short warm sumrers. The mean annual air tenperature ranges from 36 to 45
degrees F, and the annual precipitation from 15 to 23 inches. Most of the
precipitation cones in the spring and summer.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Aberdeen, Enloe, Exline,

Fai rdal e, Fargo, Hegne, Lanoure, La Prairie, Ludden and Wahpeton soils.

Aber deen and Exline soils are on nearby areas where sedinents contain nore silt.
They are nmoderately well drained and sonewhat poorly drained, respectively.

None of the other associated soils have natric horizons. |In addition, Fairdale
and La Prairie soils contain |less than 35 percent clay and Lanoure soils are
fine-silty. Enloe, Fargo, Hegne and Ludden soils are on the same | ake plain.
Fairdale, La Prairie and Wahpeton soils are on better drained sites on

fl oodpl ai ns. Lanmoure soils are on simlar positions on floodplains.

DRAI NAGE AND PERMEABI LI TY: Poorly drained. Runoff is medium or high
Permeability is very slow These soils flood when streams overflow. A seasona
hi gh water table is at a depth of 0.5 foot above the surface to 1.5 foot bel ow
the surface at some time during the period of March through July.
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USE AND VEGETATION: Soils are cropped to spring seeded small grains and used
for hay and pasture. Native vegetation is western wheatgrass, sedges, blue
grama, inland saltgrass, Nuttall alkaligrass and salt tolerant forbs.

DI STRI BUTI ON AND EXTENT: Eastern North Dakota and north-central South Dakot a.
The soil is of npderate extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota

SERI ES ESTABLI SHED: Ri chl and County, North Dakota, 1970.

REMARKS: Revi sed 3/95.

The site will be redescribed in the future to docunent Vertisol criteria.

Di agnostic horizons and features recognized in this pedon are: nmollic epipedon
- the zone fromthe surface of the soil to a depth of 36 inches (A Btnl, Btn2,
Bgl, and Bg2 horizons); natric horizon - the zone from2 to 8 inches (Btnl and

Bt n2 horizons).

Nat i onal Cooperative Soil Survey
U. S. A
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LOCATI ON SI NAI SD+MN ND

Est abl i shed Seri es

Rev. MS-WIB
02/ 97
SINAI SERIES

The Sinai series consists of very deep, noderately well drained and well drained
soils formed in glaciolacustrine sedinents on uplands. Perneability is slow or
very slow. Slopes range fromO to 9 percent. Mean annual precipitation is
about 23 inches, and nmean annual air tenperature is about 44 degrees F.

TAXONOM C CLASS: Fine, snectitic, frigid Typic Hapl uderts

TYPI CAL PEDON: Sinai silty clay - on a nearly level slope in a cultivated
field. When described the soil was npoist throughout. (Colors are for dry soi
unl ess otherwi se stated.)

Ap--0 to 7 inches; very dark gray (10YR 3/1) silty clay, black (10YR 2/1)
nmoi st; weak medi um subangul ar bl ocky structure parting to noderate medi um
granul ar; slightly hard, friable, sticky and plastic; few fine roots; slightly
aci d; abrupt snooth boundary.

A--7 to 12 inches; very dark gray (10YR 3/1) silty clay, black (10YR 2/1)
noi st; noderate nedi um subangul ar bl ocky structure parting to noderate medi um
granul ar; very hard, firm sticky and plastic; few fine roots; slightly acid,;
cracks 1/2 inch to 1 inch wide; clear snooth boundary (Conbined thickness of the
A horizon is 8 to 17 inches.)

Bss--12 to 23 inches; dark gray (10YR 4/1) silty clay, very dark grayish brown
(10YR 3/2) noist; noderate medium prismatic structure parting to noderate medi um
subangul ar bl ocky; hard, firm very sticky and very plastic; few fine roots;
surfaces of peds are shiny; tongues of very dark gray (10YR 3/1) moist, 1/8 inch
to over 2 inches thick are common; few intersecting slickensides;; neutral
cl ear wavy boundary. (7 to 16 inches thick)

Bkss1--23 to 33 inches; light brownish gray (2.5Y 6/2) silty clay, dark
grayi sh brown (2.5Y 4/2) npoist; noderate medi um prismatic structure parting to
noder at e nedi um subangul ar bl ocky; hard, firm sticky and plastic; tongues of
very dark gray (10YR 3/1) noist, 1/8 inch to over 2 inches thick; few
intersecting slickensides; strong effervescence; noderately al kaline; clear wavy
boundary.

Bkss2--33 to 42 inches; light gray (2.5Y 7/2), silty clay, grayish brown (2.5Y
5/2) noist; few medi um proni nent yell owi sh brown (10YR 5/6) redox concentrations
nmoi st; noderate nedium prismatic structure; very hard, firm sticky and plastic;
few intersecting slickensides; common fine and nedi um accunul ati ons of cal ci um
carbonate; strong effervescence; noderately al kaline; gradual wavy boundary.
(combi ned thickness of the Bk horizon is 8 to 30 inches)

C--42 to 60 inches; light brownish gray (2.5Y 6/2) silty clay, dark grayish
brown (2.5Y 4/2) moist; few
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coarse proninent yellow sh brown (10YR 5/6) redox concentrations; massive; very
hard, firm sticky and plastic; few fine nests of gypsum slight effervescence
noder ately al kal i ne

TYPE LOCATI ON: Day County, South Dakota; 740 feet west and 310 feet south of
the northeast corner, Sec. 4, T. 124 N., R 55 W

RANGE | N CHARACTERI STICS: Depth to free calcium carbonate ranges from about 17
to 35 inches. Thickness of the nollic epipedon ranges from 16 to 25 inches.
Tongui ng of A horizon material occurs below the Ap or A horizon above depths of
35 inches. The tongues of soil material extend into the C horizons in sone
pedons. The particle size control section contains 45 to 60 percent clay. Wen
the soil is dry, cracks 1/8 inch to 2 inches wi de and several feet |ong extend
downward through the sol um

The A horizon has value of 3 or 4 and 2 or 3 moist, and chroma of 1 or 2. It
typically is silty clay, but is silty clay loamor clay in some pedons. It is
slightly acid or neutral.

The Bss horizon has hue of 10YR or 2.5Y, value of 3 to 6 and 2 to 4 npist, and
chroma of 1 to 3. It is silty clay or clay. Sonme pedons have nottles inherent
to the parent material. Intersecting slickensides are fewto comon. It is
neutral or slightly alkaline.

The Bkss and C horizons have hue of 10YR, 2.5Y, or 5Y; value of 4 to 7 and 3 to
6 moist and chroma of 1 to 6. It is silty clay or clay. Intersecting
slickensides are few to common. The C horizon in nost pedons is stratified with
| ayers of silty clay, silty clay loam clay loam and silt loam It is slightly
al kal i ne or noderately al kaline. Mst pedons have nottles inherent to the
parent material in the Bk and C horizons.

COVPETI NG SERI ES: These are the Hattie and Wahpeton series. Hattie soils
contain 2 to 8 percent rock fragnments in the series control section. Whpeton
soils typically have buried horizons and an irregul ar decrease in organic

car bon.

GEOGRAPHI C SETTING  Sinai soils are nearly level to noderately sloping on

upl ands having plane and convex surfaces. Slope gradients typically are |ess
than 6 percent, but range fromO to 9 percent. They are nostly circular in
shape, are typically surrounded by shall ow depressions or noats, and are in high
parts of the |andscape. The soils fornmed in clayey glaciolacustrine sedinents
of ice-walled | akes. Mean annual air tenperature ranges from 39 to 48 degrees F,
and nmean annual precipitation ranges from 16 to 27 inches. Growi ng season is
about 125 to 130 days; average growi ng season precipitation from 13 to 22

i nches; and growi ng degree days are about 2500 to 3000.

GEOGRAPHI CALLY ASSCCI ATED SO LS: These are the Barnes, Buse, Forman, Kranzburg,
Nut | ey, Peever, Poinsett, and Tonka soils. Nutley soils are on simlar

| andscapes and have a nollic epipedon |less than 16 inches thick. Sinai soils
are on slightly higher positions in the | andscape than the Barnes, Forman,
Kranzburg, Poinsett, and Peever soils. Buse soils are on plane to convex sl opes
bel ow the Sinai soils. The Barnes, Buse, and Forman soils contain |ess than 35
percent clay in the control section. The Kranzburg, Poinsett, and Peever soils

have a nollic epipedon |ess than 16 inches thick. In addition, the Kranzburg
and Poinsett soils have less than 35 percent clay in the control section. The
Peever soils have an argillic horizon. Tonka soils have an al bic horizon and

are in depressions.
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DRAI NAGE AND PERMEABI LI TY: Moderately well drained and well drained. Surface
runoff is lowto very high. Permeability is slow or very slow. An apparent
seasonal high water table is at a depth of 3.5 to 6 feet at sone time from March
to June for the noderately well drained phase.

USE AND VEGETATI ON: Most areas are used to grow corn, small grains, and
alfalfa. Native grasses include little bluestem western wheatgrass, big
bl uestem green needl egrass, and sideoats granm.

DI STRI BUTI ON AND EXTENT: Northeastern and east-central South Dakota and
adj acent parts of North Dakota and M nnesota. It is of noderate extent.

M_LRA OFFI CE RESPONSI BLE: St. Paul, M nnesota

SERI ES ESTABLI SHED: Day County, South Dakota, 1952.

REMARKS: Di agnostic horizons and features recognized in this pedon are: mollic
epi pedon - the zone fromthe surface of the soil to a depth of 23 inches. (Ap,

A, and Bss horizons)

Nat i onal Cooperative Soil Survey
U. S. A
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LOCATI ON SOUTHAM ND+SD

Est abl i shed Seri es
Rev. RJIB-KJL
02/ 97

SOUTHAM SERIES

The Sout ham series consists of very deep, very poorly drained, slowy perneable

soils that formed in local alluviumfromglacial drift. These soils are in
basi ns and depressions on till plains, noraines and |l ake plains. Slope is 0 to
1 percent. Mean annual air tenperature is 41 degrees F, and mean annua

precipitation is 17 inches.
TAXONOM C CLASS: Fine, snectitic, calcareous, frigid Cunulic Vertic Endoaquolls

TYPI CAL PEDON: Southamsilty clay loam- on a |level slope in a deep depression
in aquatic vegetation. When described the depth of surface water was 50 inches.
(Colors are for moist soil unless otherw se stated)

Agl--0 to 16 inches; black (5Y 2/1) silty clay |loam dark gray (5Y 4/1) dry;
massive; firm sticky and plastic; conmon fine snail shell fragnments; strong
ef fervescence; slightly al kaline; gradual wavy boundary.

Ag2--16 to 26 inches; black (5Y 2/1) silty clay, dark gray (5Y 4/1) dry; few
fine prom nent olive brown (2.5Y 4/4) redox concentrations; nmassive; firm
sticky and plastic; common fine snail shell fragnments; strong effervescence;
slightly al kaline; gradual wavy boundary.

Ag3--26 to 32 inches; black (5Y 2/1) silty clay, dark gray (5Y 4/1) dry;
massi ve; very firm very sticky and very plastic; few fine prom nent olive brown
(2.5Y 4/4) redox concentrations; conmon fine snail shell fragnents; conmmon fine
concentrations of gypsumin nests and al ong pl anes; strong effervescence;
nmoderately al kaline; gradual wavy boundary.

Ag4--32 to 40 inches; black (5Y 2/1 and 5Y 2/2) silty clay, dark gray (5Y
4/ 1) and olive gray (5Y 4/2) dry; massive; very firm very sticky and very
plastic; few fine prom nent olive brown (2.5Y 4/4) redox concentrations; conmnon
fine snail shell fragnents; conmon fine concentrations of gypsumin nests and
al ong pl anes; slight effervescence; noderately al kaline; gradual wavy boundary.
(Combi ned thickness of the A horizon 24 to 60 inches)

Cgl--40 to 48 inches; very dark grayish brown (2.5Y 3/2) and dark grayish
brown (2.5Y 4/2) silty clay, grayish brown (2.5Y 5/2) and |ight brownish gray
(2.5Y 6/2) dry; mmssive; very firm very sticky and very plastic; few fine
pronm nent yellowi sh red (5YR 4/6) and few fine distinct olive brown (2.5Y 4/4)
redox concentrations; few fine rounded manganese concretions; common fine snai
shell fragments; common fine concentrations of gypsumin nests and al ong pl anes;
strong effervescence; noderately al kaline; gradual wavy boundary.

Cg2--48 to 54 inches; grayish brown (2.5Y 5/2) silty clay, |ight brownish
gray (2.5Y 6/2) dry; massive; very firm very sticky and very plastic; many fine
and nedium di stinct olive brown (2.5Y 4/4) and few nedi um prom nent yellow sh
red (5YR 4/6) redox concentrations; few medium proninent threadlike |ight gray
(N 7/0) redox depletions; comon fine snail shell fragments; common fine rounded
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manganese concretions; comon fine concentrations of gypsumin nests and al ong
pl anes; strong effervescence; noderately al kaline; gradual wavy boundary.

Cg3--54 to 60 inches; dark grayish brown (2.5Y 4/2) and |light gray (N 7/0)
silty clay, light gray (2.5Y 7/2) and white (2.5Y 8/2) dry; common nmedi um
prom nent strong brown (7.5YR 5/6) and yellow sh brown (10YR 5/6) redox
concentrations; few fine rounded manganese concretions; massive; very firm very
sticky and very plastic; conmon fine snail shell fragments; common fine
concentrations of gypsumin nests and al ong pl anes; strong effervescence;
noder ately al kal i ne

TYPE LOCATI ON: Ramsey County, North Dakota; about 2 miles north of Doyon; 2,450
feet north and 1,050 feet west of the southeast corner, sec. 6, T. 153 N., R 61
W

RANGE | N CHARACTERI STICS: The 10- to 40-inch particle size control section
averages between 35 to 50 percent clay. Depth to carbonates ranges fromO to 10
inches. The electrical conductivity ranges fromless than 2 to 8 nmhos/cc. It
typically does not have coarse fragments but some pedons contain as nuch as 10
percent in sone horizons. Some pedons have an 0 horizon as much as 6 inches

t hi ck.

The A horizon has hue of 10YR, 2.5Y, 5Y or is neutral, value of 2 or 3 and 3 to

5 dry, and chroma of 2 or less. It typically is silty clay loamor silty clay,
but the range includes clay |loamand clay. |In sone pedons the surface layer is
silt loam It is neutral to noderately al kaline. Some pedons have a 2A or AC

hori zon or both.

The C horizon has hue of 2.5Y, 5Y, 5GY or is neutral, value of 3 to 7 and 4 to 8

dry, and chroma of 2 or less. Sone pedons do not have prom nent nottles. It

typically is silty clay, but the range includes silty clay loam clay |oam and
clay. It is slightly alkaline or noderately al kaline. Sone pedons have a 2C
hori zon.

COWPETI NG SERI ES: There are no conpeting series.

GEOGRAPHI C SETTI NG. Southam soils are in closed basins and deep depressions on
till plains, noraines and | ake plains. Slope gradient is 0 to 1 percent. The
soils formed in local clayey alluviumfromglacial drift. Mean annual air
tenperature ranges from 34 to 45 degrees F, and mean annual precipitation from
12 to 23 inches.

GEOGRAPHI CALLY ASSCCI ATED SO LS: These are the Aastad, Barnes, Forman, Hamerly,

Haml et, Parnell, Svea and Vallers soils. These soils are all above Southam
soils on the landscape. All these soils, except Parnell, formed in | oam or clay
| oam glacial till. Barnes and Forman soils are well drained; Aastad, Ham et and

Svea soils are noderately well drained; Hanerly soils are noderately well and
somewhat poorly drained; and Vallers soils are poorly drained. Parnell soils
have an argillic horizon

DRAI NAGE AND PERMEABI LI TY: Very poorly drained. Runoff is ponded.

Pernmeability is slow. A seasonal high water table is at a depth of 5.0 feet
above the surface to 1.0 foot below the surface throughout the year. The soils
are usual ly ponded continuously throughout the growi ng season. Only in sone dry
years is the soil surface exposed.
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USE AND VEGETATI ON: Most areas are in native vegetation. Native vegetation is
nmostly bulrushes, cattails, reeds and aquatic subnergents.

DI STRI BUTI ON AND EXTENT: Northern, eastern and central North Dakota, and
possi bly western M nnesota, and northeastern South Dakota. The Southam soils
are extensive.

M_RA OFFI CE RESPONSI BLE: Bi smarck, North Dakota

SERI ES ESTABLI SHED: Ransey County, North Dakota, 1984.

REMARKS: Revi sed 5/94.

Di agnostic horizons and features recognized in this pedon are: nmollic epipedon
- zone fromthe surface of the soil to a depth of 40 inches (Ag horizons);

vertic subgroup criteria - LE of nore than 6 cmin the upper 1 neter.

The soil is fromthe deep marsh vegetative zone of a Class IV wetland as defi ned
by Stewart and Kantrud, 1971 in Resource Publication 92.

ADDI TI ONAL DATA: Bigler, R J. Correlation of Wetland Soils and Plants, MS.
Thesis - N.D. S U

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON SVEA ND+WMN MI' SD

Est abl i shed Seri es

Rev. CIJH

06/ 1999

SVEA SERIES

The Svea series consists of very deep, well or noderately well drained soils
that fornmed in calcareous till and local alluviumfromthe till. Perneability
is nmoderate in the solum and noderate or noderately slowin the C horizon.

These soils are on concave positions on till plains and have sl opes ranging from

0 to 25 percent. Mean annual air tenperature is 42 degrees F, and nean annua
precipitation is 20 inches.

TAXONOM C CLASS: Fine-I|oany, m xed, superactive, frigid Pachic Hapludolls

TYPI CAL PEDON: Svea |oam - on a concave slope of |less than 2 percent under
cropland. When described, the soil was moist throughout. (Colors are for dry
soil unless otherw se stated)

Ap--0 to 7 inches; very dark gray (10YR 3/1) loam black (10YR 2/1) noist;
weak coarse subangul ar bl ocky structure parting to noderate medi um granul ar;
slightly hard, friable, slightly sticky and slightly plastic; many fine roots;
many fine pores; neutral; abrupt snmooth boundary.

A--7 to 10 inches; very dark gray (10YR 3/1) loam black (10YR 2/1) nvpist;
weak coarse prismatic structure parting to noderate nmedi um granul ar; slightly
hard, friable, slightly sticky and slightly plastic; many fine roots; conmmon
fine pores; neutral; clear wavy boundary. (Combined A horizons 7 to 20 inches
t hi ck)

Bw--10 to 21 inches; dark grayish brown (2.5Y 4/2) |oam very dark grayish
brown (2.5Y 3/2) mpist; noderate medium prismatic structure parting to noderate
coarse subangul ar bl ocky; hard, friable, slightly sticky and slightly plastic;
faint patches of clay films on vertical faces of peds; common fine roots; common
fine pores; neutral; clear wavy boundary. (4 to 24 inches thick)

Bk--21 to 36 inches; pale yellow (2.5Y 7/4) clay loam |ight olive brown
(2.5Y 5/4) noist; weak medi um subangul ar bl ocky structure; hard, friable,
slightly sticky and slightly plastic; few fine roots; common fine pores; few
medi um masses of carbonates; strong effervescence; noderately al kaline; gradual
wavy boundary. (7 to 26 inches thick)

C--36 to 60 inches; light yellow sh brown (2.5Y 6/4) loam light olive brown
(2.5Y 5/4) noist; few fine distinct yellowi sh red (5YR 4/6) redoxi norphic
concentrations and few fine faint gray (5Y 5/1) redoxinorphic depletions
i ncreasing to conmon coarse distinct redoxi nmorphic depletions at a depth of
about 42 inches; nmassive, breaks with slight pressure into weak subangul ar
bl ocky and platy fragments characteristic of till; hard, friable, slightly
sticky and slightly plastic; few masses of carbonates; slight effervescence;
noder at el y al kal i ne.
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TYPE LOCATI ON: LaMoure County, North Dakota; about 6 miles east and 15 mles
north of LaMoure; 500 feet north and 10 feet east of the southwest corner, sec.
19, T. 136 N., R 59 W

RANGE I N CHARACTERI STICS: The 10- to 40-inch control section averages between
18 and 28 percent clay and 14 to 45 percent fine sand or coarser. It typically
contains 1 to 10 percent by volume of rock fragnments throughout. The nollic

epi pedon ranges from 16 to nore than 30 inches in thickness and may include part
or all of the Bw horizon. Stony phases are recognized.

The A horizon has hue of 10YR, 2.5Y or neutral, value of 3 to 5 and 2 or 3
nmoi st, and chroma of 1 or less. It is loam silt loamor clay loam It is
slightly acid to slightly al kaline

The Bw horizon has hue of 10YR or 2.5Y, value of 3 to 5 and 2 to 4 noist, and
chroma of 1 to 4. It typically is loam but sone is silt loamor clay loam It
is slightly acid to slightly alkaline. It has weak or noderate grades of
prismatic or blocky structure. The |lower part of the Bw horizon contains a few
nottles in sone pedons.

The Bk horizon has hue of 2.5Y, less commonly 10YR or 5Y, value of 5 to 8 and 4
to 6 noist, and chroma of 1 to 4. It is loamor clay loam It is slightly

al kaline or noderately alkaline. It contains 15 to 25 percent cal cium
carbonate. The carbonates are dissem nated through the Bk horizon and
segregated into few to comon threads and nmasses. Some pedons have BC or BCk
hori zons

The C horizon has hue of 2.5Y, value of 5 or 6 and 4 or 5 noist, and chrom of 2
to 4. It is loamor clay loam It is slightly alkaline or noderately alkaline.
It is friable or firmtill. Some pedons contain a thin stone or pebble band or
thin | enses of sandy, silty, or loany material at the boundary of the solum and
the C horizon.

COWPETI NG SERI ES: These are the Aastad, Delette, Lankin, Lisnore and Wl sh
series. Aastad soils have Bw horizons containing 28 to 35 percent clay.

Delette soils are nore acid, do not have carbonates in the solum and have a

thi cker nollic epipedon. Lankin and Lisnore soils do not have rock fragments in
the upper part. They fornmed in |acustrine sedinents over till. Wal sh soils do
not have Bk horizons and have coarse fragnents that are primarily shale.

GEOGRAPHI C SETTING: Svea soils are on level to noderately steep and slightly

concave positions on till plains. Slope gradients commonly are |ess than 3
percent but range fromO to 25 percent. The soils forned in calcareous till and
local alluviumfromthe till. The climate is cool subhum d. Mean annual air

tenperature ranges from 36 to 48 degrees F, and nmean annual precipitation from
15 to 24 inches. Most of the nmoisture falls in the spring and sumer.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Barnes, Buse, Hanerly, Ham et
Langhei, Parnell, Quam and Tonka soils. Barnes soils are on convex and pl ane,
wel | drai ned nearby areas and Ham et soils are on nearby sinmlar positions as
Svea. They have nollic epipedons less than 16 inches thick. Buse and Langhe
soils are on convex crests of steeper hills. They do not have canbic horizons.
Hamerly soils are on slightly convex and snmooth | ower slopes on nearby areas
surroundi ng depressions. They have calcic horizons within depths of 16 inches.
Parnell, Quam and Tonka soils are in poor and very poorly drained depressions.
They have an aquic noisture regine. |In addition, Parnell and Tonka soils are
fine and Quam soils are fine-silty.
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DRAI NAGE AND PERMEABI LI TY:  Well or moderately well drained. Svea soils receive
some runoff from higher parts of the |andscape. Runoff is negligible to high
dependi ng on slope. Perneability is noderate in the solum and noderate or
nmoderately slow in the C horizon. A seasonal high water table is at depths of 3
to 5 feet at sonme time during the period of April through June in the noderately
wel | drained phase. It is at a depth of 4 to nore than 6 feet for the same
period in the well drained phase.

USE AND VEGETATION: Soils are cropped to small grains, flax, some row crops,
hay, and pasture. Native vegetation was big bluestem green needl egrass,
west ern wheat grass, bearded wheatgrass, and a variety of forbs.

DI STRI BUTI ON AND EXTENT: Central and eastern North Dakota, northeastern South
Dakot a, and western M nnesota. The soils are extensive

M_LRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota

SERI ES ESTABLI SHED: Sargent County, North Dakota, 1960.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nollic
epi pedon - the zone fromthe surface of the soil to a depth of 21 inches (Ap, A
and Bw horizons).

ADDI TI ONAL DATA: S53NDak- 2-2, S53NDak-2-3, SU70NDak-2-3, and SU65NDak-37-4.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON SVIENODA SD+MN ND

Est abl i shed Seri es
KFM CJH
03/ 2000

SWENODA SERIES

The Swenoda series consists of very deep, well drained and noderately well

drai ned soils forned in |oany sedinments underlain by silty and | oamy sedi nents
on uplands. Pernmeability is noderately rapid in the upper part and noderate or
noderately slow in the underlying material. Slopes range fromO to 9 percent.
Mean annual precipitation is about 21 inches, and nean annual tenperature is
about 42 degrees F.

TAXONOM C CLASS: Coarse-loanmy, m xed, superactive, frigid Pachic Hapludolls

TYPI CAL PEDON: Swenoda fine sandy loam - in cultivation. (Colors are for noist
soil unless otherw se stated)

Ap--0 to 9 inches; black (10YR 2/1) fine sandy | oam very dark gray (10YR
3/1) dry; weak coarse granular structure; slightly hard and very friabl e;
slightly sticky and slightly plastic; many very fine and fine roots; neutral;
cl ear snooth boundary.

A--9 to 13 inches; black (10YR 2/1) fine sandy | oam very dark gray (10YR
3/1) dry; noderate medi um subangul ar bl ocky structure; slightly hard and very
friable; slightly sticky and slightly plastic; many very fine and fine roots;
neutral; clear wavy boundary. (Conbined A horizons 8 to 18 inches thick)

Bwl--13 to 19 inches; very dark grayish brown (10YR 3/2) fine sandy | oam
grayi sh brown (10YR 5/2) dry; weak coarse prismatic structure parting to
noder at e nmedi um subangul ar bl ocky; slightly hard and very friable; slightly
sticky and slightly plastic; common very fine and fine roots; slightly al kaline;
cl ear wavy boundary.

Bw2--19 to 29 inches; dak yellow sh brown (10YR 4/4) fine sandy | oam
light yellowi sh brown (10YR 6/4) dry; weak coarse prismatic structure parting to
noder at e nedi um subangul ar bl ocky; slightly hard and very friable; slightly
sticky and slightly plastic; few very fine and fine roots; slightly alkaline;
gradual wavy boundary.

Bw3--29 to 33 inches; dark brown (10YR 4/3) fine sandy | oam pale brown
(10YR 6/3) dry; weak coarse subangul ar bl ocky structure; slightly hard and very
friable; slightly sticky and slightly plastic; few very fine and fine roots;
about 2 percent gravel; slightly alkaline; clear wavy boundary. (Conbi ned Bw
hori zons 4 to 26 inches thick)

2Bk--33 to 39 inches; grayish brown (2.5Y 5/2) loam |ight gray (2.5Y 7/2)
dry; common fine prom nent yellow sh brown (10YR 5/4) redoxi morphic
concentrations; weak coarse subangul ar bl ocky structure; soft and friable;
slightly sticky and slightly plastic; about 4 percent gravel; violent
ef fervescence; noderately al kaline; clear wavy boundary. (0 to 35 inches thick)
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2C--39 to 60 inches; olive brown (2.5Y 4/4) loam |I|ight yellow sh brown
(2.5Y 6/4) dry; commn fine distinct |ight brownish gray (2.5Y 6/2)
redoxi mor phi ¢ depletions and |ight olive brown (2.5Y 5/6) redoxinorphic
concentrations; massive; slightly hard and friable; slightly sticky and slightly
pl astic; about 4 percent gravel; slight effervescence; nmoderately al kali ne.

TYPE LOCATION: Griggs County, North Dakota; 135 feet west and 1,750 feet south
of the northeast corner of sec. 34, T. 147 N., R 58 W

RANGE | N CHARACTERI STICS: The thickness of the nollic epipedon is greater than
16 inches. The depth to silty or |oamy sedinents typically is about 30 inches
and ranges between 20 and 40 inches. The depth to carbonates typically is about
30 inches and ranges between 16 and 40 inches. A thin stone line is at the upper
boundary of the 2Bk or 2C horizon in sonme pedons.

The A horizon has hue of 10YR, value of 2 or 3 and 2 to 4 dry, and chroma of 1.

Chroma of 2 is allowed if it is below 7 inches or if the horizon is dry. It
typically is fine sandy | oam or sandy |loam but is |oam or |oany fine sand in
sone pedons. It is slightly acid or neutral

The Bw horizon has hue of 10YR or 2.5Y, value of 2 to 4 and 3 to 6 dry, and
chroma of 1 to 4. Few to comon, faint to distinct redoxinorphic features are
in |lower parts of some pedons. The Bw horizon is fine sandy | oam or sandy | oam
Some pedons have thin horizons of |oany sand or loany fine sand in the B or C
hori zon, but the average texture of the material between depths of 10 inches and
t he upper boundary of the 2C horizon is fine sandy | oam or sandy |loam The Bw
horizon is neutral or slightly al kaline. Some pedons have 2Bw, Bk or C horizons.

The 2Bk horizon has hue of 2.5Y or 5Y, value of 4 to 6 and 6 to 8 dry, and
chroma of 2 to 6. It is silt loamor silty clay loam or |oamor clay |oam
till. It is slightly alkaline or noderately al kaline.

The 2C horizon has hue of 10YR or 2.5Y, value of 4 to 6 and 6 to 8 dry, and
chroma of 2 to 6. It is silt loamor silty clay loam or |oamor clay |oam
till. It is slightly alkaline or noderately alkaline.

COWPETI NG SERI ES: These are the Clontarf, Enmbden, Enrick, Flathead and | nkster
None of these soils have a discontinuity of finer textured materials within 40
inches. In addition, Inkster soils have sand-sized fraction dom nated by shale
fragnents.

GEOGRAPHI C SETTING: The Swenoda soils are nearly level to noderately sl oping on
upl ands. The slopes are plain or convex. Slope gradients typically are |ess
than 4 percent but range fromO to 9 percent. The soil formed in |oany

sedi ments overlying | am nated | acustrine silt to clay or loamor clay loamtill
Mean annual air tenperature ranges from 36 to 48 degrees F, and nean annua
precipitation ranges from 16 to 24 inches. G ow ng season is 120 to 130 days;
average growi ng season precipitation ranges from 15 to 18 inches; and grow ng
degree days are about 2500 to 3000

GEOGRAPHI CALLY ASSCCI ATED SO LS: These are the conpeting Clontarf and Enbden

soils and the Beotia, Hanmar, Hecla, Malachy, Towner, U en and Wndmere soils.

Beotia soils are fine-silty and are on slightly higher positions. Clontarf,

Mal achy and Towner soils are on similar |andscapes. Malachy soils are

cal careous within depths of 10 inches and do not have a discontinuity of finer
textured materials within 40 inches. Towner soils have sandy particle-size in
t he upper control section and have contrasting textures. Enbden, U en and
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Wndmere soils are on slightly | ower concave positions. The U en and Wndnere
soils have a calcic horizon within depths of 16 inches and have a wetter soi

nmoi sture control section. Hecla and Hamar soils are on broad flats and swal es.
Hamar and Hecla soils have a sandy particle-size control section and have wetter
soil noisture control sections.

DRAI NAGE AND PERMEABI LI TY: Moderately well drained or well drained. Surface
runoff is lowto medium Perneability is noderately rapid in the upper part and
noderate or nmoderately slow in the finer textured underlying material. The
noderately well drained phase has a seasonal high water table at depths of 3 to
5 feet at some time during the period of April through June.

USE AND VEGETATI ON: \When cultivated the principal crops are corn, alfalfa,
smal | grains and tame pasture. Native grasses include big bluestem prairie
sandreed, little bluestem needl egrass, western wheatgrass, sideoats granmm,
needl eandt hread, bl uegranmm, sedges and forbs.

DI STRI BUTI ON AND EXTENT: Nort heast ern Sout h Dakota, eastern North Dakota, and
western M nnesota. The series is of |arge extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a
SERI ES ESTABLI SHED: Marshall County, South Dakota, 1970.

REMARKS: Di agnostic horizons and features recognized in this pedon are: mollic
epi pedon - the zone fromthe surface of the soil to a depth of 19 inches (Ap, A
and Bwl horizons); cambic horizon - the zone from 19 to 33 inches (Bwl and Bw2
hori zons) .

Nat i onal Cooperative Soil Survey
U S A
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LOCATI ON TI FFANY ND+SD

Est abl i shed Series
Rev. CJH
03/ 97

TIFFANY SERIES

The Tiffany series consists of very deep, somewhat poorly and poorly drained,
noderately or nmoderately rapidly pernmeable soils that forned in glacial outwash
These soils are in depressions, basins and concave positions in glaciolacustrine
del tas and outwash plains. Slope ranges fromO to 1 percent. Mean annual
tenperature is 39 degrees F, and nmean annual precipitation is 19 inches.

TAXONOM C CLASS: Coarse-|oany, m xed, superactive, frigid Typic Endoaquolls

TYPI CAL PEDON: Tiffany fine sandy loam- cultivated. (Colors are for noist
soil unless otherwi se stated. Where described, the soil was nmoist to 48 inches
and saturated bel ow 48 inches.)

Ap--0 to 10 inches; black (10YR 2/1) fine sandy |loam very dark gray (10YR
3/1) dry; noderate medi um subangul ar bl ocky structure parting to weak fine
granular; slightly hard, very friable, slightly sticky and nonplastic; many very
fine roots; many fine pores; slightly acid; abrupt snooth boundary.

A--10 to 15 inches; very dark gray (10YR 3/1) fine sandy |oam dark gray
(10YR 4/1) dry; many fine distinct dark brown (10YR 4/3) nottles; npderate
medi um subangul ar bl ocky structure; slightly hard, very friable, slightly sticky
and slightly plastic; comon very fine roots; conmon medi um pores; neutral;
cl ear wavy boundary. (Conmbined A horizons 10 to 24 inches thick)

AC--15 to 23 inches; dark grayish brown (2.5Y 4/2) fine sandy | oam 1|ight
browni sh gray (2.5Y 6/2) dry; many nedi um prom nent dark yell owi sh brown (10YR
4/ 4) nottles; weak medi um subangul ar bl ocky structure; slightly hard, very
friable, slightly sticky and nonplastic; few very fine roots; common fine pores;
few fine black iron-manganese concretions; neutral; clear wavy boundary. (0 to
18 i nches thick)

Cl--23 to 36 inches; olive brown (2.5Y 4/4) fine sandy |loam |ight yellow sh
brown (2.5Y 6/3) dry; many medi um prom nent strong brown (7.5YR 5/6) and few
fine distinct dark gray (10YR 4/1) mottles; weak nedi um subangul ar bl ocky
structure parting to weak fine granular; slightly hard, very friable, slightly
sticky and nonplastic; few very fine roots; common fine pores; few fine black
i ron- manganese concretions; slight effervescence in lower part; slightly
al kal i ne; cl ear wavy boundary.

C2--36 to 60 inches; light olive brown (2.5Y 5/4) and |ight brownish gray
(2.5Y 6/2) stratified fine sandy | oam |oany fine sand, and |oany very fine
sand, pale yellow (2.5Y 7/4) and light gray (2.5Y 7/2) dry; many fine and medi um
prom nent strong brown (7.5YR 5/6), yellow sh brown (10YR 5/6), very dark brown
(10YR 2/2), and olive gray (5Y 5/2) mottles; massive; slightly hard, very
friable; nonsticky and nonplastic; few fine iron-manganese concretions; slight
ef fervescence; slightly alkaline
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TYPE LOCATI ON: Grand Forks County, North Dakota; about 2 miles west and 2 mles
south of Arvilla; 550 feet south and 330 feet east of the northwest corner, sec.
23, T. 151 N, R 54 W

RANGE | N CHARACTERI STICS: The thickness of the nollic epipedon ranges from 10
to 24 inches. The 10- to 40-inch particle size control section averages fine
sandy loamto silt loamwith |less than 18% clay. Depth to carbonates comonly
ranges from 20 to 50 inches, but is nmore than 60 inches in sonme pedons.

The A horizon has hue of 10YR or is neutral, value of 2 or 3 and 3 to 5 dry, and
chroma of 1 or less. Hue of 2.5Y and chroma of 2 is allowed in the | ower part.
The A horizon is fine sandy |oam sandy |oam |oam very fine sandy | oamor silt
loam It is slightly acid to slightly alkaline. It typically is nottled in the
| ower part.

The AC horizon has hue of 2.5Y or 5Y, value of 4 to 6, and chroma of 1 to 3. It
is nmottled and nottles increase in nunmber and distinctness with depth. It is
neutral or slightly alkaline. Some pedons have a Bw or Bk horizon.

The C horizon has a wide variety of colors due to nmottling and is often
stratified. It is neutral or slightly alkaline. Loanmy, silty and cl ayey
substratum phases are recogni zed (see REMARKS). Perneability is noderate or
noderately slow in these phases.

COWVPETI NG SERI ES: These are the Adol ph, Forada, Nokasippi, Parent, Prebish and
Runeberg series as previously classified. Adolph soils have 2B and 2C hori zons

of glacial till at a depth of |less than 35 inches. Forado soils have sand and
gravel 2C horizons at a depth of Iess than 40 inches. Nokasippi soils have a
sandy mantle over the till and are not as gray in their B and C horizons
Parent, Prebish and Runeburg soils have formed in glacial till and contain

coarse fragnents.

GEOGRAPHI C SETTING: Tiffany soils are in depressions, basins and concave
positions in glaciolacustrine deltas and outwash plains. Slope ranges fromO to
1 percent. The soils formed in glacial outwash conposed nostly of fine and very
fine sands. The climate is cool subhum d. Mean annual tenperature ranges from
36 to 45 degrees F, and nmean annual precipitation from 15 to 23 inches.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Enbden, Gardena, G yndon, Hecla
and Wndnere soils. Enmbden, Gardena, and Hecla soils are on hi gher topographic
positions and do not have the mottling in the A horizons. dyndon and Wndnere
soils are on nearby swales and low flats and have calcic horizons within depths
of 16 inches.

DRAI NAGE AND PERMEABI LI TY: Somewhat poorly and poorly drained. Very slow
runof f. Moderate or noderately rapid perneability. A seasonal high water table
is at a depth of 0.5 foot above the surface to 1.5 feet below the surface at
some time during the period of March through July for the poorly drained phase
It is at a depth of 1.0 foot to 2.5 feet at sone tinme during the period of Apri

t hrough June for the somewhat poorly drai ned phase.

USE AND VEGETATI ON: Mostly used for growi ng hay and pasture. Sone drained
areas are used for growing small grains. Natural vegetation is typically tal
grasses as big bluestem prairie cordgrass and sedges. Sedges and rushes
dom nant on the wetter sites.
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DI STRI BUTI ON AND EXTENT: Central and eastern North Dakota, and possibly
nort hwestern M nnesota and northeastern South Dakota. The soil is noderately
ext ensi ve.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota

SERI ES ESTABLI SHED: Cass County, North Dakota, 1961.

REMARKS: Revi sed 2/94.

Di agnostic horizons and features recognized in this pedon are: nollic epipedon -
the zone fromthe surface of the soil to a depth of 15 inches (Ap and A

hori zons); characteristic associated with wetness - chroma of 1 and distinct

nottles in the |ower part of the nmollic epipedon (A horizon).

Series will be established, as tine permits and as needed, for the |oany, silty
and cl ayey substratum phases. These new series will be Typic Epiaquolls.

Nati onal Cooperative Soil Survey
U S. A
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LOCATI ON TOTTEN ND

Est abl i shed Series
Rev. MDS- CIJH
3/ 98

TOTTEN SERIES

The Totten series consists of very deep, poorly drained soils that fornmed in

| oamy material overlying stratified sand and sand and gravel glacial alluvium
Pernmeability is noderately slow or slow in the solumand rapid in the
substratum These soils are on slightly depressed areas on outwash plains and
channel s and have sl opes less than 2 percent. Mean annual air tenperature is 39
degrees F, and nmean annual precipitation is |17 inches.

TAXONOM C CLASS:. Fine-I|oany over sandy or sandy-skel etal, m xed, superactive,
frigid Typic Natraquolls

TYPI CAL PEDON: Totten | oam on a southwest-facing plane slope of |ess than
percent in a cultivated field. Wen described the soil was noist to |7 inches,
dry froml7 to 26 inches, and noist from26 to 60 inches. (Colors are for noist
soil unless otherw se stated)

Ap--0 to 5 inches; black (I0YR 2/1) loam very dark gray (I0OYR 3/1) dry;
nmoderate fine angul ar bl ocky structure parting to nmoderate fine granular
slightly hard, friable, slightly sticky, slightly plastic; many fine roots and
pores; a few fine pebbles; strong effervescence; noderately al kaline; abrupt
smoot h boundary. (4 to |2 inches thick)

Btnl--5 to 10 inches; very dark gray (I0OYR 3/1) sandy clay | oam dark gray
(IO0YR 4/1) dry; interior of prisms are |ight brownish gray (2.5Y 6/2) and white
(N 8/0) dry; mpoderate very coarse prismatic structure parting to strong fine and
very fine angular blocky; hard, friable, sticky and plastic; commn roots; clean
sand grains coat faces of prisms; violent effervescence ped interiors; strong
ef fervescence ped exteriors; noderately al kaline; clear irregular boundary.

Btn2--10 to |7 inches; light olive brown (2.5Y 5/4) sandy clay |oam |ight
gray (2.5Y 7/2) dry; many fine and medi um di stinct gray (5Y 6/1) redoxi nmorphic
depl etions and yell owi sh brown (I 0YR 5/6) redoxinorphic concentrations; very
dark gray (IOYR 3/1) coatings on faces of prisns; noderate very coarse prismatic
structure parting to noderate fine and very fine angul ar bl ocky; hard, friable,
slightly sticky, slightly plastic; few roots; comon fine pores; diffuse
carbonates in interior of peds; violent effervescence; noderately al kaline;
gradual wavy boundary. (Combined Btn horizons 4 to |9 inches thick)

Bk--17 to 26 inches; olive gray (5Y 5/2) loam |Ilight gray (5Y 7/1) dry;
patches of dark grayish brown (2.5Y 4/2) on faces of prisns; many fine and
medi um prom nent yellowi sh brown (I 0YR 5/6) and few fine prom nent black (10YR
2/ 1) redoxi norphic concentrations and medi um distinct gray (5Y 6/1)
redoxi nor phi ¢ depl etions; noderate very coarse prismatic structure parting to
noder ate coarse and nedium platy and noderate and strong fine and very fine
angul ar bl ocky; hard, friable, slightly sticky, slightly plastic; few roots;
slight effervescence, strong effervescence in interiors of peds; noderately
al kaline; clear irregular boundary. (0 to 9 inches thick)
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2Cl--26 to 34 inches; light olive brown (2.5Y 5/4) coarse sand, |ight
yel | owi sh brown (2.5Y 6/4) dry; conmon distinct light gray (5Y 7/2) dry
redoxi mor phi ¢ depletions and few fine prom nent black (10YR 2/1) redoxi norphic
concentrations; single grain; slightly hard, |oose, nonsticky; slight
ef fervescence; noderately al kaline; clear wavy boundary.

2C2--34 to 40 inches; dark yellowi sh brown (I 0YR 4/4) gravelly coarse sand,
light yellowi sh brown (I0YR 6/4) dry; single grain; |oose; 25 percent by volune
of fragments coarser than 2 mm slight effervescence; noderately al kaline; clear
wavy boundary.

2C3--40 to 60 inches; olive brown (2.5Y 4/4) and brown (I0YR 5/3) stratified
coarse sand and very gravelly coarse sand, light olive brown (2.5Y 5/4) and
light yellowi sh brown (I0YR 6/4) dry; single grained; |oose; 10 to over 60
percent by volume of fragments coarser than 2 nmin sone strata; strong
ef fervescence; noderately al kal i ne.

TYPE LOCATI ON: Eddy County, North Dakota; about 4 miles north and 4 1/2 mles
east of New Rockford; 2,550 feet east and | 80 feet south northwest corner, sec.
7, T. 149 N, R 65 W

RANGE | N CHARACTERI STI CS: The depth to coarse sand typically is 22 to 30 inches
but ranges froml4 to 40 inches. Typically the A and Bt horizons contain a few
pebbl es.

The A horizon has hue of I0YR, 2.5Y or 5Y, value of 2 or 3 and 3 or 4 dry, and
chroma of I. It typically is |loam but sone is silt loamor sandy |oam It
contains sone salts and ranges fromslight to strong effervescence.

The Btn horizon has hue of I0YR, 2.5Y or 5Y, value of 3 to 6 and 4 to 8 dry, and
chroma of | to 4 when m xed. Distinct or promnent nottles with hue of 5Y,

2.5Y, or I0YR and chroma of | to 6 are in the interior of the prisns in nost
pedons. The Btn horizon typically is sandy clay |oam but sone is | oamor clay

| oam

The Bk horizon has hue of 5Y or 2.5Y, value of 3 to 6 and 4 to 7 dry, and chroma
of I to 3. It is loam clay |oam or sandy |loam The | ower boundary of the Bt
or Bk horizon commonly is very irregular or tongues into the 2C horizon

The 2C horizon has hue of 2.5Y, 5Y or I0OYR, value of 4 to 6, and 5 to 8 dry, and
chroma of | to 4. The 2C horizon typically is coarse sand containing |0 to 40
percent by volume of fine gravel, but some are stratified and contain |ayers of

coarse and nedi um sand and gravel. Some pedons contain sand and gravel conposed
of shale channers. Gacial till is within depths of 40 to 60 inches in sone
pedons.

COWPETI NG SERI ES: There are no other series in this famly. Related series are
the Airport, Durrstein, Fiander, Harriet, Heil, Manfred, Ryan, and Stirum
series. Airport, Durrstein, and Fiander soils have nesic tenperatures. Harriet
and Manfred soils do not have sand and gravel 2C horizons within depths of 40

i nches and contain less sand in the sola. Heil and Ryan soils are fine. Stirum
soils are coarse-| oany.

GEOGRAPHI C SETTING: Totten soils are on nearly level, slightly depressed areas
on outwash plains, and channels. Slope gradients are |less than 2 percent. The
soils formed in loany material overlying stratified sand and sand and grave

glacial alluvium The climate is cool, subhum d. Mean annual air tenperature
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ranges from 38 to 45 degrees F, and nmean annual precipitation froml6 to 20
i nches. Most of the precipitation comes in the spring and summer.

GEOGRAPHI CALLY ASSCOCI ATED SO LS: These are the conpeting Stirumsoils and the
Arveson, Arvilla, Binford, Borup, Brantford, Divide, Kensal, Marysland, Osakis,
Wal um and Warsing soils. Stirumsoils are on simlar positions. Arveson
Borup, Divide, and Marysland soils do not have Bt horizons and have calcic

hori zons within depths of |16 inches. Arvilla, Binford, Brantford, Kensal,
Osaki s, Wal um and Warsing soils are on nearby outwash plains on higher

t opographi ¢ positions. They are noderately well to somewhat excessively drained
and none have Bt hori zons.

DRAI NAGE AND PERMEABI LI TY: Poorly drained. A few areas are very poorly

drai ned. Surface runoff is slow Permeability is noderately slow or slow in
the solumand rapid in the substratum The water table is at depths of |ess
than 24 inches in the spring and during periods of above average precipitation.

USE AND VEGETATION: Soils are used for hay and pasture; some are cropped to hay
and small grains. Native vegetation is western wheatgrass, inland salt-grass,
wet | and sedges, rushes, forbs and annual s.

DI STRI BUTI ON AND EXTENT: East-central North Dakot a. The soil is of npderate
ext ent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a

SERI ES ESTABLI SHED: Eddy County and parts of Benson and Nel son Counties, North
Dakota, 1971.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nollic
epi pedon - the zone fromthe surface of the soil to a depth of 10 inches (Ap and
Btnl horizons); natric horizon - the zone from5 to 17 inches (Btnl and Btn2
hori zons) characteristicts associated with wetness - chroma of 1 in the | ower
part of the mollic epi pedon, and i mmedi ately below the nmollic epi pedon hue of
2.5Y, value of 5 and chroma of 1 on ped surfaces and distinct redoxi norphic
features.

Nat i onal Cooperative Soil Survey
U S A
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LOCATI ON TOWNER ND+MN SD

Est abl i shed Seri es
CIH
1/ 99

TOWNER SERIES

The Towner series consists of very deep, well or noderately well drained soils
that fornmed in wind and water deposited sands over glacial till or lacustrine
sedi ments. Perneability is rapid or noderately rapid in the upper part and
noderate or nmoderately slow in the 2Bk and 2C horizons. These soils are on
sand-mantled till or glaciolacustrine plains and have sl opes ranging fromO to
15 percent. Mean annual air tenperature is 39 degrees F and mean annua
precipitation is 16 inches.

TAXONOM C CLASS: Sandy over | oany, m xed, superactive, frigid Calcic Hapludolls

TYPI CAL PEDON: Towner |oamy fine sand on a concave south-facing slope of 2
percent under grassland. Wen described the soil was noist to 20 inches and dry
bel ow 20 inches. (Colors are for mpist soil unless otherw se stated)

Al--0 to 6 inches; black (10YR 2/1) | oamy fine sand, dark gray (10YR 4/1)
dry; weak fine granular structure; soft, very friable, nonsticky, nonplastic;
many fine roots; neutral; clear wavy boundary.

A2--6 to 20 inches; very dark gray (10YR 3/1) loany fine sand, dark gray
(10YR 4/1) dry; weak very coarse prismatic structure parting to weak medi um and
coarse subangul ar bl ocky structure; soft, very friable, nonsticky, nonplastic;
common fine roots; slightly al kaline; clear wavy boundary. (Comnbined A horizons
8 to 35 inches thick)

Bw--20 to 29 inches; very dark grayish brown (10YR 3/2) loany fine sand
grayi sh brown (10YR 5/2) dry; weak medi um and coarse subangul ar bl ocky
structure; soft, very friable, nonsticky, nonplastic; comon fine roots;
slightly al kaline; abrupt wavy boundary. (0 to 26 inches thick)

2Bk--29 to 36 inches; grayish brown (2.5Y 5/2) loam 1light gray (2.5Y 7/2)
dry; weak medi um subangul ar bl ocky structure; slightly hard, friable, slightly
sticky, slightly plastic; violent effervescence; noderately al kaline; gradua
wavy boundary. (6 to 25 inches thick)

2C--36 to 60 inches; olive brown (2.5Y 4/4) loam |I|ight brownish gray (2.5Y
6/2) dry; weak medi um subangul ar bl ocky structure; slightly hard, friable,
slightly sticky, slightly plastic; strong effervescence; noderately al kaline.

TYPE LOCATION: Pierce County, North Dakota; about 1 mle west and 1 mle north
of Orrin; 552 feet west and 530 feet south of the northeast corner, sec. 5, T.
153 N., R 74 W

RANGE | N CHARACTERI STICS: Depth to the |oamy material comonly is 24 to 36
i nches but ranges from 20 to 40 inches. The nollic epipedon ranges from16 to
30 inches thick
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The A horizon has 10YR hue, value of 2 or 3 and 3 or 4 dry, and chroma of 1. It
is | oamy sand, |oany fine sand, sandy | oam or fine sandy | oam The | ower A
hori zon bel ow depths of about 19 inches has 10YR or 2.5Y hue, value of 2 to 4
and 3 to 6 dry, and chroma of 1 or 2. It is |loamy sand, |loany fine sand or fine
sand. The A horizon is neutral or slightly alkaline.

The Bw horizon has 10YR or 2.5Y hue, value of 3 to 5 and 4 to 6 dry, and chronm
of 1 to 4. It is loany sand, |loany fine sand or fine sand. It is neutral or
slightly alkaline. Some pedons have a 2Bw horizon. A stony or gravelly layer
is at the contact between the sandy mantle and the 2Bk horizon in some pedons.

The 2Bk horizon has hue of 2.5Y, value of 4 to 6 and 6 to 8 dry, and chroma of 2
to 4. It is loam clay loam silty clay loamor silt loam Sone pedons have a
BCk hori zon.

The 2C horizon has 10YR, 2.5Y, or 5Y hue, value of 4 to 6, and 6 to 8 dry, and

chroma of 2 to 4. It typically is loamor clay loamglacial till containing up
to 19 percent coarse fragments, but some is silt loamor silty clay | oam
| acustrine sedinments. |In addition, some pedons contain pockets or |ayers of

sandy or clayey materials in sonme pedons. The 2C horizon is slightly alkaline
or moderately al kaline. Some pedons have a C horizon above the 2C horizon

COVPETI NG SERI ES: These are the Dickey series. Dickey soils have a nmollic
epi pedon |l ess than 16 inches thick.

GEOGRAPHI C SETTING: Towner soils are on level to rolling sand-mantled till or
gl aci ol acustrine plains. Slopes are smoboth or concave and range fromO to 15
percent. The soils formed in wi nd and water deposited sands over glacial til
or lacustrine sedinents. The climte is cool, subhumid, with a nmean annual air
tenperature ranging from 36 to 48 degrees F, and a mean annual precipitation
ranging from 15 to 24 inches. Most of the precipitation falls in the spring
and summer.

GEOGRAPHI CALLY ASSCCI ATED SO LS: These are the conpeting Dickey soils and the
Egel and, Enbden, Ginstad, Hecla, Maddock, Serden, Swenoda and U en soils.

Di ckey and Maddock soils commonly are on nearby nore sl oping, higher |ying
areas. Mddock soils are sandy. Egeland and Serden are on nearby

gl aci ol acustrine and outwash plains. Egeland soils are coarse-loamy and Serden
soils are sandy and do not have a nollic epipedon. Enmbden, Ginmstad, Hecl a,
Swenoda, and U en soils are on nearby deltas and | ake plains. Enbden soils are
coarse-loanmy and pachic. Grinmstad and U en soils have a calcic horizon within
depths of 16 inches. Hecla soils have nottles with chromas of 2 or less within
40 inches of the surface. Swenoda soils are coarse-|oany and pachic.

DRAI NAGE AND PERMEABI LI TY: Well and noderately well drained. Runoff is
negligible to | ow depending on slope and surface texture. Rapid or noderately
rapid permeability in the upper part and noderate or noderately slow in the 2Bk
and 2C horizons. A perched seasonal high water table is above the 2Bk or 2C
hori zon at a depth of 3 to 5 feet at sone tinme during the period of Apri
through June in the noderately well drained phase. It is at a depth of 4 to
nore than 6 feet for the same period in the well drained phase.

USE AND VEGETATION: Used mainly for growing small grains, corn, hay and
pasture. Native vegetation is prairie sandreed, needl eandthread, Kentucky
bl uegrass, and other grasses and grass-1likes.
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DI STRI BUTI ON AND EXTENT: Eastern and central North Dakota, northwestern
M nnesota and northeastern South Dakota. The series is of |arge extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota

SERI ES ESTABLI SHED: Ri chland County, North Dakota, 1970.

REMARKS: Di agnostic horizons and features recognized in this pedon are: mollic
epi pedon - the zone fromthe surface of the soil to a depth of 29 inches (Al, A2

and Bw horizons); calcic horizon - the zone from 29 to 36 inches (2Bk horizon).

ADDI Tl ONAL DATA: Laboratory sanples S50ND-5-5, S50ND-25-5, S51ND-5-19 and ND-
54- P- 8.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON TOWNER ND+MN SD

Est abl i shed Seri es
CIH
1/ 99

TOWNER SERIES

The Towner series consists of very deep, well or noderately well drained soils
that fornmed in wind and water deposited sands over glacial till or lacustrine
sedi ments. Perneability is rapid or noderately rapid in the upper part and
noderate or nmoderately slow in the 2Bk and 2C horizons. These soils are on
sand-mantled till or glaciolacustrine plains and have sl opes ranging fromO to
15 percent. Mean annual air tenperature is 39 degrees F and mean annua
precipitation is 16 inches.

TAXONOM C CLASS: Sandy over | oany, m xed, superactive, frigid Calcic Hapludolls

TYPI CAL PEDON: Towner |oamy fine sand on a concave south-facing slope of 2
percent under grassland. Wen described the soil was noist to 20 inches and dry
bel ow 20 inches. (Colors are for mpist soil unless otherw se stated)

Al--0 to 6 inches; black (10YR 2/1) | oamy fine sand, dark gray (10YR 4/1)
dry; weak fine granular structure; soft, very friable, nonsticky, nonplastic;
many fine roots; neutral; clear wavy boundary.

A2--6 to 20 inches; very dark gray (10YR 3/1) loany fine sand, dark gray
(10YR 4/1) dry; weak very coarse prismatic structure parting to weak medi um and
coarse subangul ar bl ocky structure; soft, very friable, nonsticky, nonplastic;
common fine roots; slightly al kaline; clear wavy boundary. (Comnbined A horizons
8 to 35 inches thick)

Bw--20 to 29 inches; very dark grayish brown (10YR 3/2) loany fine sand
grayi sh brown (10YR 5/2) dry; weak medi um and coarse subangul ar bl ocky
structure; soft, very friable, nonsticky, nonplastic; comon fine roots;
slightly al kaline; abrupt wavy boundary. (0 to 26 inches thick)

2Bk--29 to 36 inches; grayish brown (2.5Y 5/2) loam 1light gray (2.5Y 7/2)
dry; weak medi um subangul ar bl ocky structure; slightly hard, friable, slightly
sticky, slightly plastic; violent effervescence; noderately al kaline; gradua
wavy boundary. (6 to 25 inches thick)

2C--36 to 60 inches; olive brown (2.5Y 4/4) loam |I|ight brownish gray (2.5Y
6/2) dry; weak medi um subangul ar bl ocky structure; slightly hard, friable,
slightly sticky, slightly plastic; strong effervescence; noderately al kaline.

TYPE LOCATION: Pierce County, North Dakota; about 1 mle west and 1 mle north
of Orrin; 552 feet west and 530 feet south of the northeast corner, sec. 5, T.
153 N., R 74 W

RANGE | N CHARACTERI STICS: Depth to the |oamy material comonly is 24 to 36
i nches but ranges from 20 to 40 inches. The nollic epipedon ranges from16 to
30 inches thick
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The A horizon has 10YR hue, value of 2 or 3 and 3 or 4 dry, and chroma of 1. It
is | oamy sand, |oany fine sand, sandy | oam or fine sandy | oam The | ower A
hori zon bel ow depths of about 19 inches has 10YR or 2.5Y hue, value of 2 to 4
and 3 to 6 dry, and chroma of 1 or 2. It is |loamy sand, |loany fine sand or fine
sand. The A horizon is neutral or slightly alkaline.

The Bw horizon has 10YR or 2.5Y hue, value of 3 to 5 and 4 to 6 dry, and chronm
of 1 to 4. It is loany sand, |loany fine sand or fine sand. It is neutral or
slightly alkaline. Some pedons have a 2Bw horizon. A stony or gravelly layer
is at the contact between the sandy mantle and the 2Bk horizon in some pedons.

The 2Bk horizon has hue of 2.5Y, value of 4 to 6 and 6 to 8 dry, and chroma of 2
to 4. It is loam clay loam silty clay loamor silt loam Sone pedons have a
BCk hori zon.

The 2C horizon has 10YR, 2.5Y, or 5Y hue, value of 4 to 6, and 6 to 8 dry, and

chroma of 2 to 4. It typically is loamor clay loamglacial till containing up
to 19 percent coarse fragments, but some is silt loamor silty clay | oam
| acustrine sedinments. |In addition, some pedons contain pockets or |ayers of

sandy or clayey materials in sonme pedons. The 2C horizon is slightly alkaline
or moderately al kaline. Some pedons have a C horizon above the 2C horizon

COVPETI NG SERI ES: These are the Dickey series. Dickey soils have a nmollic
epi pedon |l ess than 16 inches thick.

GEOGRAPHI C SETTING: Towner soils are on level to rolling sand-mantled till or
gl aci ol acustrine plains. Slopes are smoboth or concave and range fromO to 15
percent. The soils formed in wi nd and water deposited sands over glacial til
or lacustrine sedinents. The climte is cool, subhumid, with a nmean annual air
tenperature ranging from 36 to 48 degrees F, and a mean annual precipitation
ranging from 15 to 24 inches. Most of the precipitation falls in the spring
and summer.

GEOGRAPHI CALLY ASSCCI ATED SO LS: These are the conpeting Dickey soils and the
Egel and, Enbden, Ginstad, Hecla, Maddock, Serden, Swenoda and U en soils.

Di ckey and Maddock soils commonly are on nearby nore sl oping, higher |ying
areas. Mddock soils are sandy. Egeland and Serden are on nearby

gl aci ol acustrine and outwash plains. Egeland soils are coarse-loamy and Serden
soils are sandy and do not have a nollic epipedon. Enmbden, Ginmstad, Hecl a,
Swenoda, and U en soils are on nearby deltas and | ake plains. Enbden soils are
coarse-loanmy and pachic. Grinmstad and U en soils have a calcic horizon within
depths of 16 inches. Hecla soils have nottles with chromas of 2 or less within
40 inches of the surface. Swenoda soils are coarse-|oany and pachic.

DRAI NAGE AND PERMEABI LI TY: Well and noderately well drained. Runoff is
negligible to | ow depending on slope and surface texture. Rapid or noderately
rapid permeability in the upper part and noderate or noderately slow in the 2Bk
and 2C horizons. A perched seasonal high water table is above the 2Bk or 2C
hori zon at a depth of 3 to 5 feet at sone tinme during the period of Apri
through June in the noderately well drained phase. It is at a depth of 4 to
nore than 6 feet for the same period in the well drained phase.

USE AND VEGETATION: Used mainly for growing small grains, corn, hay and
pasture. Native vegetation is prairie sandreed, needl eandthread, Kentucky
bl uegrass, and other grasses and grass-1likes.
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DI STRI BUTI ON AND EXTENT: Eastern and central North Dakota, northwestern
M nnesota and northeastern South Dakota. The series is of |arge extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota

SERI ES ESTABLI SHED: Ri chland County, North Dakota, 1970.

REMARKS: Di agnostic horizons and features recognized in this pedon are: mollic
epi pedon - the zone fromthe surface of the soil to a depth of 29 inches (Al, A2

and Bw horizons); calcic horizon - the zone from 29 to 36 inches (2Bk horizon).

ADDI Tl ONAL DATA: Laboratory sanples S50ND-5-5, S50ND-25-5, S51ND-5-19 and ND-
54- P- 8.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON ULEN MN+ND SD

Est abl i shed Seri es
MN\J - RBH- CJH
05/ 2000

ULEN SERIES

The Ul en series consists of very deep, sonmewhat poorly drained soils that forned
in sandy gl aci ol acustrine deposits on glacial |ake plains. Permeability is
rapid. Slopes range fromO to 3 percent. Mean annual precipitation is about 20
i nches. Mean annual air tenperature is about 41 degrees F.

TAXONOM C CLASS: Sandy, nixed, frigid Aeric Calciaquolls

TYPI CAL PEDON: U en fine sandy loamon a 1 percent east facing slope. Wen
descri bed the soil was noist throughout. (Colors are for noist soil unless
ot herwi se stated)

A--0 to 9 inches; black (10YR 2/1) fine sandy | oam very dark gray (10YR
3/1) dry; weak nmedi um subangul ar bl ocky structure; slightly hard and very
friable; nonsticky and nonplastic; common very fine and few fine roots; slight
ef fervescence; noderately al kaline; clear smooth boundary.

Ak--9 to 13 inches; very dark grayish brown (10YR 3/2) |oany fine sand
dark grayish brown (10YR 4/2) dry; weak nmedi um subangul ar bl ocky structure;
soft, very friable, nonsticky and nonplastic; comon very fine and few fine
roots; strong effervescence; noderately al kaline; clear wavy boundary. (Conbi ned
A horizons 10 to 20 inches thick)

Bk1--13 to 20 inches; dark grayish brown (10YR 4/2) loany fine sand,
grayi sh brown (10YR 5/2) dry; few fine distinct dark yellowi sh brown (10YR 4/ 4)
redoxi nor phi ¢ concentrations; weak nedi um subangul ar bl ocky structure; soft,
very friable, nonsticky and nonplastic; few very fine and fine roots; strong
ef fervescence; npoderately al kaline; gradual wavy boundary.

Bk2--20 to 42 inches; grayish brown (10YR 5/2) loany fine sand, |ight
browni sh gray (2.5Y 6/2) dry; weak nedi um subangul ar bl ocky structure; soft,
very friable, nonsticky and nonplastic; few very fine and fine roots; strong
ef fervescence; noderately al kaline; gradual wavy boundary. (Combi ned Bk horizons
4 to 30 inches thick)

C--42 to 60 inches; light olive brown (2.5Y 5/4) fine sand, |ight
yel |l owi sh brown (2.5Y 6/4) dry; few mediumdistinct dark yellow sh brown (10YR
4/ 4) redoxi norphic concentrations; single grain; |oose, nonsticky and
nonpl astic; slight effervescence; noderately al kaline.

TYPE LOCATI ON: Foster County, North Dakota; about 9 nmiles south and 3 niles east
of Aenfield, 2,600 feet north and 600 feet west of the southeast corner of sec.
36, T. 147 N, R 62 W

RANGE | N CHARACTERI STI CS: Thi ckness of the nollic epipedon ranges from7 to 20
inches. \Where the texture is loany fine sand it is nore than 10 inches thick
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The soil is calcareous throughout. The soil does not have rock fragnents above
a depth of 40 inches. However, strata up to 6 inches thick with up to 5 percent
rock fragnents are allowed in the C horizon above a depth of 40 inches. The
average texture of the particle-size control section is comonly fine sand or

| oany fine sand or sand or |oany sand with appreciable amunts of fine sand or

finer particles or both. It has 5 to 30 percent nedium and coarser sand. The
depth to loany fine sand or coarser textures is less than 25 inches. The soi
is nmoderately al kaline or slightly alkaline throughout. The A horizon and/or

upper Bk horizon have accunul ati ons of carbonates and a cal ci um carbonate
equi valent of 5 to 20 percent.

The A horizon has hue of 10YR, value of 2 or 3, and chroma of 1 or 2. It
typically is loany fine sand or fine sandy | oam but, sandy |loam or very fine
sandy loamare within the range. An ABK horizon is present in sone pedons.

The Bk horizon has hue of 10YR, value of 4 to 6, and chroma of 1 to 3 or hue of
2.5Y, value of 4 to 6, and chroma of 2 to 4. Hue of 5Y occurs in the |ower part
of the Bk horizon in sone pedons. It is |oamy sand, |loany fine sand, fine sand,
sandy | oam or fine sandy loam A BCk horizon is present in sone pedons.

The C horizon has a matrix with hue of 10YR, 2.5Y or 5Y, value of 4 to 6, and
chroma of 2 to 6 and commonly has redoxi morphic features. The colors with
chroma of 2 are nostly in the |ower part. The C horizon is nostly fine sand or
| oanmy fine sand; but sand, coarse sand, or very fine sand subhorizons are in
sonme pedons. Also, it has loany or silty layers bel ow depths of 40 inches in
sone pedons.

COWPETI NG SERI ES: These are the Karl sruhe and Wrene series. The Karlsruhe and
Wrene soils contain nore than 30 percent nmedi um sand and coarser in the
particle-size control section.

GEOGRAPHI C SETTING: The U en soils are primarily on plane to slightly convex
positions on glacial |ake plains. Slope gradient typically is O to 3 percent.
They formed in thick glaciolacustrine deposits that are domi nated by fine sand.
Mean annual air tenperature ranges from 36 to 45 degrees F. Mean annual
precipitation from 15 to 24 inches. Frost-free period ranges from90 to 155
days. Elevation above sea |level ranges from 650 to 2350 feet.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Arveson, Flam ng, Fossum Hamar,
Hecl a and Rosewood soils. These soils are in a drainage sequence with U en.

Fl ami ng and Hecla soils are noderately well drained and are on slightly higher
lying positions. Arveson, Fossum Hamar and Rosewood soils are poorly drained
or very poorly drained, and they commonly are on nearby flats or depressions.

DRAI NAGE AND PERMEABI LI TY: Somewhat poorly drained. Runoff is negligible or
very low. Permeability is rapid. An apparent seasonal high water table is at a
depth of 1.5 to 3.5 feet at sone time during the period of April through June in
nost years.

USE AND VEGETATION: Soils are nostly cropped to small grains. [In sone places,

pot at oes, corn, and hay are inportant crops. A small amunt of the Uen soil is
used for permanent pasture or is idle. Native vegetation was nostly tall grass

prairie. An encroachnment of trees, nost comonly quaki ng aspen, has occurred on
some areas
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DI STRI BUTI ON AND EXTENT: These soils are primarily in the eastern edge of the
gl aci al Lake Agassiz basin of northwestern and west-central M nnesota and in
eastern North Dakota and northeastern South Dakota. They are extensive.

M_LRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a

SERI ES ESTABLI SHED: Reconnai ssance of the Red River Valley Area, Mnnesota, in
1933.

REMARKS: Di agnostic horizons and features recognized are: nollic epipedon -
the zone fromthe surface to a depth of 13 inches (Ap and Ak horizons); calcic
horizon - the zone from9 to 42 inches (Ak, Bkl and Bk2 horizons); aquic

nmoi sture regi ne; aeric subgroup due to 10YR hue and high chroma of 2 bel ow

nol |i ¢ epi pedon (Bk1l horizon).

Where correlated as noderately well drained phase or with slopes of nore than 3
percent, a new series should be established (Aquic Calciudolls).

ADDI TI ONAL DATA: Laboratory anal ysis: S67MN107-003 and S67MN107-006 (in S67-
M nn-54.5 - Lincoln Laboratory) and S92ND073- 003.

Nat i onal Cooperative Soil Survey
U. S. A
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LOCATI ON VALLERS MN+ND SD

Est abl i shed Seri es
RTD- RBH- CJH
05/ 2000

VALLERS SERIES

The Val lers series consists of very deep, poorly drained soils that fornmed in
cal careous fine-loamy till on till plains, nmoraines and | ake plains. These
soil s have noderately slow perneability. Slopes range fromO to 3 percent.

Mean annual precipitation is about 22 inches, and nmean annual air tenperature is
about 43 degrees F.

TAXONOM C CLASS: Fine-1oanmy, m xed, superactive, frigid Typic Calciaquolls

TYPI CAL PEDON: Vallers |oam on a plane slope on a glacial noraine in cropl and.
(Colors are for moist soil unless otherw se noted)

Ap--0 to 9 inches; black (10YR 2/1) loam dark gray (10YR 4/1) dry;
noderate very fine and fine granular structure; hard, friable, sticky and
pl astic; strong effervescence; slightly alkaline; abrupt smooth boundary.
(Conbi ned A horizons 6 to 24 inches thick)

Bkg--9 to 22 inches; gray (5Y 5/1) and olive gray (5Y 5/2) clay | oam
light gray (5Y 6/1) and light gray (5Y 7/2) dry; many nedi um prom nent yellow sh
brown (10YR 5/4) redoxinorphic concentrations; weak nmedi um subangul ar bl ocky
structure; hard, firm sticky and plastic; about 5 percent pebbles and other
rock fragnments; violent effervescence; slightly alkaline; clear wavy boundary.

Bkyg--22 to 44 inches; olive gray (5Y 5/2) and gray (5Y 5/1) clay | oam
light olive gray (5Y 6/2) and light gray (5Y 7/1) dry; many |arge prom nent
yel l owi sh brown (10YR 5/4) redoxinmorphic concentrations; weak fine subangul ar
bl ocky structure; hard, firm sticky and plastic; about 5 percent pebbles and
ot her rock fragments; many nests of gypsum strong effervescence; slightly
al kal i ne; gradual wavy boundary. (Conbi ned Bkg horizons 6 to 35 inches thick)

BCyg--44 to 60 inches; gray (5Y5/1) clay loam |ight gray (5Y 6/1) dry;
many medi um proni nent yellow sh brown (10YR 5/4) redoxinorphic concentrations;
massi ve, very hard, firm sticky and plastic; about 5 percent pebbles and other
rock fragments; common nests of gypsum slight effervescence; slightly alkaline.

TYPE LOCATI ON: Benson County, North Dakota; about six mles east and six nmles
north of Leeds; 800 feet west and 150 feet north of the southeast corner of sec.
6, T. 156 N., 67 W

RANGE | N CHARACTERI STICS: The mollic epi pedon ranges from7 to 25 inches in
thi ckness. I n sonme pedons the |lower part of the nollic epipedon qualifies as
part of the calcic horizon. The calcic horizon has a calcium carbonate

equi val ent of about 20 to 35 percent. The 10 to 40 inch particle-size contro
section typically has between 22 and 32 percent clay but ranges from 18 to 35

percent and 15 to 35 percent sand coarser than very fine sand. It typically
contains 2 to 8 percent rock fragnments of nixed lithology, but in sonme pedons
the upper part |acks rock fragnents. Typically, the soil is cal careous
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t hroughout, but a few pedons have neutral or slightly alkaline surface A
hori zons. Firm subsoil, saline and depressional phases are recognized

The A horizon has hue of 10YR, 2.5Y, 5Y or is neutral, value of 2 or 3, and
chroma of 1 or |ess. Redoxinmorphic features or chroma of 2 are in the | ower
part of the A horizon of sonme pedons. Typically it is clay |oamor |oam and
|l ess commonly silty clay | oam sandy clay loamor silt loam An ABKk or Ak
horizon is in sone pedons.

The Bk horizon has hue of 10YR, 2.5Y or 5Y, value of 3 to 6, and chroma of 1 or
2, or is neutral with values of 4 to 6. It commnly has few to many, faint to
prom nent, and fine to medi um redoxi norphic features, but they are lacking in
some pedons. However, where the horizon has a chroma is 2 above a depth of 20

i nches, there are distinct or prom nent redoxi norphic features present. It is a
clay loam silty clay loam |oam or sandy clay loam It does not have gypsum
accunul ations in sone pedons. Sone pedons have BCk hori zons.

The BC and C horizons have 2.5Y or 5Y hue, value of 4 to 7, and chroma of 1 to
3. Typically, they have redoxinorphic features. They are | oamor clay |oam
They do not have gypsum accumrul ati ons in sone pedons. Sonme pedons have coarse
sandy loamto gravelly sand bel ow a depth of 50 inches and are recognized as a
sandy substratum phase.

COWVPETI NG SERI ES: These are the Easby, Hapur, Lowe and Nortonville series.
Easby soils have a SAR greater than 13. Hapur soils have a calcic horizons at
the surface. Lowe soils do not have rock fragnents in the particle-size contro
section. Nortonville soils have a gypsic horizon.

GEOGRAPHI C SETTING. The Vallers soils are on level and nearly level slight

ri ses, shall ow depressions and drai nageways of till plains, noraines and | ake

pl ains. They are on slightly concave to slightly convex slopes with gradient of
0O to 3 percent. These soils formed in fine-loany, calcareous till of Late

W sconsi nan Age. |In sone areas, these soils have a silty lacustrine mantle as
much as 24 inches thick. The mean annual air tenperature is about 32 to 45
degrees F, and the mean annual precipitation is about 12 to 26 inches. Frost-
free period ranges from90 to 150 days. Elevation ranges from 650 to 2350 feet.

GEOGRAPHI CALLY ASSCCI ATED SO LS: These are the Langhei, Barnes, Forman,
Forndal e, Svea, Hanmerly, Parnell and Quam soils in a hydrosequence with the
Vallers soils on till plains and noraines; and the Roliss, Kratka, Strathcona
and Hanre soils on | ake plains. The sonmewhat excessively drained Langhei soils;
the well drained Barnes, Forman,and Forndale soils; the noderately well drained
Svea soils; and the sonmewhat poorly drained Hamerly soils are on higher |ying or
nore sloping terrain. The very poorly drained Parnell and Quam soils are in
depressions. The Roliss soils do not have a calcic horizon. The Kratka and
Strathcona soils have 20 to 40 inches of sandy materials in the upper part. The
Hanre soils are on |l ower |lying areas and have a histic epipedon.

DRAI NAGE AND PERMEABI LI TY: Poorly drained. Runoff is negligible to |ow.
Pernmeability is noderately sl ow. An apparent seasonal high water table is at a
depth of 0.5 to 1.5 feet at sonme time during the period of March through July.

USE AND VEGETATION: Most of this soil is cultivated. Corn, soybeans, snal
grains and | egunmes are the principal crops. Native vegetation is tall grass
prairie.
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DI STRI BUTI ON AND EXTENT: Western M nnesota, northeastern South Dakota, and
eastern North Dakota. The series is of |arge extent.

MLRA OFFI CE RESPONSI BLE: Bismarck, North Dakota
SERI ES ESTABLI SHED: Big Stone County, M nnesota, 1961.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nmollic
epi pedon - the zone fromthe surface to a depth of 9 inches (Ap horizon); calcic
horizon - the zone from9 to 44 inches (Bkg and Bkyg horizons); aquic noisture
regi me per 5Y hue, chroma of 2 and redoxi norphic concentrations below the nmollic
epi pedon.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON VANG ND+SD

Est abl i shed Series
Rev. CJH
10/ 98

VANG SERIES

The Vang series consists of very deep, noderately well and well drained soils
that formed in | oam sedi nents overlying sand and gravel sedinments that have
appreci able ampunts of shale. Perneability is noderate in the solum and rapid
or very rapid in the substratum These soils are on gl acial outwash plains,
eskers, terraces, deltas and beaches and have slopes ranging fromO to 9
percent. Mean annual air tenperature is 38 degrees F, and nean annua
precipitation is 18 inches.

TAXONOM C CLASS: Fine-loanmy over sandy or sandy-skeletal, m xed, superactive,
frigid Pachic Hapludolls

TYPI CAL PEDON: Vang | oam - on a southwest-facing convex slope of 3 percent in a
cultivated field. When described the soil was nmoist to 20 inches and dry bel ow.
(Colors are for noist soil unless otherw se stated)

Ap--0 to 7 inches; black (10YR 2/1) | oam very dark gray (10YR 3/1) dry; weak
fine and very fine granular structure; slightly hard, very friable, sticky and
pl astic; common very fine roots; slightly acid; abrupt snmooth boundary.

A--7 to 11 inches; black (10YR 2/1) loam dark gray (10YR 4/1) dry; weak fine
and very fine subangul ar bl ocky structure; hard, friable, sticky and plastic;
common very fine roots; slightly acid; clear wavy boundary. (Conbined A
horizons 6 to 18 inches thick)

Bwl--11 to 19 inches; very dark grayish brown (2.5Y 3/2) clay |loam dark
grayi sh brown (2.5Y 4/2) dry; weak medium prismatic structure parting to
noderate fine subangul ar bl ocky; slightly hard, friable, sticky and plastic; few
very fine roots; about 5 percent gravel; slightly acid; gradual wavy boundary.

Bw2--19 to 27 inches; very dark grayish brown (2.5Y 3/2) |oam grayish brown
(2.5Y 5/2) dry; weak fine prismatic structure parting to noderate fine and very
fine subangul ar bl ocky; slightly hard, very friable, sticky and plastic; few
very fine roots; about 10 percent gravel; slightly acid; clear wavy boundary.
(Conbi ned Bw horizons 8 to 25 inches thick)

2C--27 to 60 inches; very dark grayish brown (2.5Y 3/2) very gravelly sand,
i ght brownish gray (2.5Y 6/2) dry; single grain; |oose, nonsticky and
nonpl astic; about 35 percent gravel; about 90 percent shale in the 0.1 to 76 mm
fraction; slightly alkaline

TYPE LOCATI ON: Cavalier County, North Dakota; about 4 miles north and 2 mles
east of O ga; 1,000 feet west and 390 feet south of the northeast corner, sec.
15, T. 162 N, R 57 W

RANGE | N CHARACTERI STICS: The thickness of the nollic epipedon ranges from 16
to 33 inches. Depth to stratified sandy and gravelly material ranges from 20 to
40 inches. The solum averages between 18 and 30 percent clay.
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The A horizon has hue of 10YR, value of 2 or 3 and 3 or 4 dry, and chroma of 1.
It is loamor clay loam It is noderately acid or neutral

The Bw horizon has hue of 10YR or 2.5Y, value of 2 to 4 and 4 to 6 dry, and

chroma of 1 to 3. It is loamor clay loam It is noderately acid to noderately
alkaline. It contains 0 to 10 percent by volunme of rock fragnents in the upper
part and as much as 20 percent in the |ower part. Sonme pedons have Bk, BC or

thin C horizons.

The 2C horizon has hue of 2.5Y or 5Y, value of 2 to 6 (5 to 7 dry), and chroma

of 1 to 4. It is sand, coarse sand, |oany sand or |oamy coarse sand averagi ng
30 to 80 percent gravel, although some pedons have |layers with 15 to 30 percent
gravel. It is stratified and has nore than 20 percent shale in the 0.1 to 76 nm
fraction. It is noderately acid to noderately al kaline. Sone pedons have 2C

hori zons with yellow sh brown relict nottles

COWPETI NG SERI ES: These are the Fordville and Spottswood series. These soils
have sand and gravel 2C horizons that have | ess than 20 percent shale in the 0.1
to 76 mm fraction.

GEOGRAPHI C SETTING. Vang soils are on |evel to nmoderately sloping glacial
outwash plains, terraces, deltas, eskers and beaches. Slope gradients range
fromO to 9 percent. The soils formed in | oam sedi nents overlying sandy and
gravel ly sediments that have appreciable anounts of shale. The nean annual air
tenperature ranges from 37 to 45 degrees F, and the nean annual precipitation
from1l5 to 22 inches. Most of the precipitation comes in the spring and sumrer.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the conpeting Fordville soils and
the Binford, Brantford, Coe, Divide, Eckman, Enbden, Gardena, Kensal, Renshaw,
Tol na, Wal sh and Warsing soils. Fordville and Renshaw soils are on nearby areas
where siliceous sand and gravel conprise the main part of the outwash. Renshaw
soils have sand and gravel within depths of 10 to 20 i nches and have 2C hori zons
that have |l ess than 20 percent shale in the 0.1 to 76 mmfraction. Binford
soils are on nearby areas. They are sandy. Brantford and Coe soils are in

t oposequence with Vang soils. Brantford soils are on the convex, nearly |leve

to gently sloping areas and Coe soils are on nore sloping, steep ridges.
Brantford soils have sand and gravel within depths of 10 to 20 inches and Coe
soils are sandy-skeletal. Divide soils are in |ow areas adjacent to the Vang
soils. They have calcic horizons within depths of 16 inches. Eckman, Enmbden
and Gardena soils are on nearby delta and | ake plains. None of these soils have
sand and gravel 2C horizons within depths of 40 inches. Kensal and Warsing
soils are on low lying areas where surface runoff is slower. Kensal soils have
di stinct redoxinmorphic features within depths of 20 inches. Warsing soils have
sand and gravel within depths of 10 to 20 inches. Tolna soils are in shallow
basi ns and swal es. They have platy structure in the Bw horizon, are noderately
acid, and are somewhat poorly drained. Walsh soils are on nearby delta and

out wash areas where | oam sedi nents extend to depths greater than 40 inches.

They do not have sand and gravel within depths of 40 inches.

DRAI NAGE AND PERMEABI LI TY: Moderately well and well drained. Runoff is

negligi ble to medi um depending on the slope and surface texture. Perneability is
noderate in the solumand rapid or very rapid in the substratum Moderately
wel | drai ned pedons have a seasonal high water table at depths of 4 to 6 feet.
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USE AND VEGETATION: Soils are cropped to spring seeded small grains, beans and
potatoes. Native vegetation is western wheatgrass, needl eandthread, green
needl egrass, prairie junegrass, bearded wheatgrass and forbs.

DI STRI BUTI ON AND EXTENT: Eastern and central North Dakot a. The series is of
nmoder at e extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a

SERI ES ESTABLI SHED: Wal sh County, North Dakota, 1971.

REMARKS: Di agnostic horizons and features recognized in this pedon are: Mllic
epi pedon - the zone fromthe surface of the soil to the depth of 27 inches (Ap,

A, Bwl, and Bw2 hori zons).

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON VELVA ND+UT

Est abl i shed Series
Rev. CJH
10/ 98

VELVA SERIES

The Vel va series consists of very deep, well drained, noderately or noderately
rapi dly pernmeable soils that forned in stratified recent alluvium These soils
are on flood plains and |low terraces and have slopes of 0 to 6 percent. Mean

annual tenperature is 41 degrees F, and mean annual precipitation is 16 inches.

TAXONOM C CLASS: Coarse-|oany, m xed, superactive, frigid Fluventic Haplustolls

TYPI CAL PEDON: Velva fine sandy |oam - cultivated. (Colors are for dry soi
unl ess otherwi se stated)

Ap--0 to 6 inches; very dark grayish brown (10YR 3/2) fine sandy | oam very
dark brown (10YR 2/2) npoist; weak fine granular structure; soft, very friable,
slightly sticky and slightly plastic; many roots; many fine pores; neutral;
abrupt snooth boundary. (5 to 12 inches thick)

AC--6 to 12 inches; dark grayish brown (10YR 4/2) fine sandy |oam very dark
grayi sh brown (10YR 3/2) npoist; weak very coarse prismatic structure parting to
weak coarse subangul ar bl ocky; slightly hard, very friable, slightly sticky and
slightly plastic; many roots; many fine pores; mldly alkaline; abrupt snmooth
boundary. (0 to 20 inches thick)

Ab--12 to 13 inches; very dark grayish brown (10YR 3/2) fine sandy | oam very
dark brown (10YR 2/2) npist; weak nmedi um subangul ar bl ocky structure; slightly
hard, very friable, slightly sticky and slightly plastic; many roots; many fine
pores; slight effervescence; mldly al kaline; clear snooth boundary. (0 to 8
i nches thick)

Cl--13 to 15 inches; grayish brown (2.5Y 5/2) fine sandy | oam very dark
grayi sh brown (2.5Y 3/2) npoist; weak coarse prismatic structure parting to weak
coarse and nedi um subangul ar bl ocky; hard, friable, slightly sticky and slightly
pl astic; commmn roots; common fine pores; strong effervescence; mldly alkaline;
cl ear snooth boundary.

C2--15 to 36 inches; grayish brown (2.5Y 5/2) fine sandy loamwi th thin
strata of |oam and loany fine sand less than 1 inch thick, dark grayish brown
(2.5Y 4/2) noist; weak very coarse prismatic structure parting to weak coarse
and nmedi um subangul ar bl ocky; slightly hard, very friable, slightly sticky and
slightly plastic; comon roots; common fine pores; strong effervescence; mldly
al kal i ne; clear snoboth boundary.

C3--36 to 52 inches; grayish brown (2.5Y 5/2) loany fine sand, very dark
grayish brown (2.5Y 3/2) nmoist; single grain; fewroots; strong effervescence;
noder ately al kaline; clear snooth boundary.

C4--52 to 60 inches; light brownish gray (2.5Y 6/2) |oam dark grayish brown
(2.5Y 4/2) noist; weak coarse subangul ar bl ocky structure; slightly hard, very
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friable, slightly sticky and slightly plastic; few roots; few pores; strong
ef fervescence; mpderately al kaline

TYPE LOCATI ON: Mercer County, North Dakota; about 1/2 mle west of Hazen; 1090
feet west and 90 feet north of the southeast corner, sec. 13, T. 144 N., R 87
W

RANGE | N CHARACTERI STICS: The 10- to 40-inch control section averages between 7
and 18 percent clay and 25 and 60 percent fine sand or coarser. Sone pedons
contain carbonates throughout. Saline phases are recognized. The soil conmonly
has one or nore buried A horizons. Some pedons have an O hori zon.

The A horizon has 10YR or 2.5Y hue, value of 3 to 5 and 2 or 3 moist, and chrom
of 1 to 3. It comonly is loamor fine sandy | oam but sone is sandy | oam very
fine sandy loamor clay | oam Sone pedons have Bw horizons.

The C horizon has 10YR or 2.5Y hue, value of 4 to 7 and 3 to 5 moist and chroma
of 2 to 4. It averages fine sandy |oam very fine sandy | oam or |oam sone
pedons have thin |ayers of coarser or finer material. |t conmonly contains
carbonat es and sone pedons have Bk horizons.

COVPETI NG SERIES: There are no other series in the famly. O her conpeting
series are the dendive, Hanm Iton, Havrel on, Korchea, Straw, and Trenbl es
series. dendive, Havrelon and Trenbles soils do not have nollic epipedons.
Ham | ton soils are coarse-silty. Korchea and Straw soils are fine-|oany.

GEOGRAPHI C SETTING: Velva soils are on flood plains and | ow terraces. Sl ope
gradients typically are less than 2 percent, but range to 6 percent al ong
channel s and edges of terraces. The soils formed in stratified recent alluvium
Mean annual tenperatures range from 38 degrees to 45 degrees F, and mean annual
precipitation from 12 to 20 inches. Most of the noisture falls in the spring
and summer.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the conpeting Havrel on, Korchea
Straw, and Trenbles soils and the Farland, Parshall, Savage, Shanbo, Stady, and
Tally soils. Havrelon, Korchea, Straw, and Trenbles soils are on sinilar

| andscapes. Farland, Parshall, Savage, Shanmbo, Stady, and Tally soils are on
near by higher terraces. All have a regular decrease in organic matter with
dept h.

DRAI NAGE AND PERVEABI LITY: Well drained. Surface runoff is slow. Perneability

is noderate or noderately rapid. These soils flood early in the spring
followi ng snowelt and after high intensity rainfall.

USE AND VEGETATION: The soils are cropped and used for hay and pasture.
Native vegetation is slender wheatgrass, big bluestem green needl egrass,
west ern wheat grass, Canada wildrye, Maximilian sunflower, goldenrod and other
forbs and a few shrubs.

DI STRI BUTI ON AND EXTENT: Eastern to western North Dakota. The soil is of
nmoder at e ext ent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a
SERI ES ESTABLI SHED: Bowman County, North Dakota, 1969.

REMARKS: Revi sed 3/90.
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Di agnostic horizons and features recognized in this pedon are: nollic epipedon
- the zone fromthe surface of the soil to a depth 13 inches (Ap, AC, and Ab
hori zons); the Cl1 horizon has the col or but not the organic matter content to be
mol lic; irregular decrease in organic carbon with depth - presence of Ab horizon
and stratifications in C2 horizons.

Nati onal Cooperative Soil Survey
U S. A
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LOCATI ON VENLO ND+MN SD

Est abl i shed Seri es
Rev. LEE-CJH
2/ 99

VENLO SERIES

The Venl o series consists of very deep, very poorly drained, rapidly perneable
soils that formed in glaciofluvial or glaciolacustrine deposits. These soils
are in low, basins and swal es on delta, outwash and | ake pl ains and have sl opes
of 0 to 1 percent. The nean annual air tenperature is 42 degrees F, and the
mean annual precipitation is 20 inches.

TAXONOM C CLASS: Sandy, m xed, frigid Typic Endoaquolls

TYPI CAL PEDON: Venlo fine sandy loam - on a slightly concave slope of |ess than
1 percent in native grassland. Wen described the soil was wet throughout.
(Colors are for moist soil unless otherw se stated)

A--0 to 13 inches; black (N 2/0) fine sandy |oam very dark gray (N 3/0) dry;
weak medi um subangul ar bl ocky structure parting to weak very fine granul ar
soft, very friable, nonsticky and nonplastic; few fine and very fine roots;
neutral; clear snooth boundary. (10 to 20 inches thick)

Cgl--13 to 30 inches; olive gray (5Y 5/2) fine sand, light gray (5Y 7/2) dry;
common di stinct greenish gray (5GY 5/1) redox depletions; single grain; |oose,
nonsticky and nonplastic; few very fine roots; slightly alkaline; gradual wavy
boundary.

Cg2--30 to 60 inches; gray (5Y 5/1) fine sand, light gray and white (5Y 7/1
and 8/1) dry; single grain; |oose, nonsticky and nonplastic; slight
ef fervescence; slightly alkaline

TYPE LOCATI ON: Ransom County, North Dakota; about 3 1/2 miles north and 6 mles
west of McLeod; 1000 feet north and 130 feet east of the sout hwest corner, sec.
1, T. 134 N, R 54 W

RANGE | N CHARACTERI STI CS: Thi ckness of the nollic epipedon typically is 10 to
20 inches, but ranges to 24 inches. Some pedons have 0 horizons as nuch as 6
i nches thick. Some pedons have Ab hori zons.

The A horizon has hue of 10YR, 2.5Y, 5Y, or is neutral, value of 2 or 3 and 3 to
5 dry, and chroma of 1 or less. It is |oany sand, |oany fine sand, sandy | oam
or fine sandy loam It is slightly acid or neutral

The Cg horizon has hue of 2.5Y, 5Y, 5GY, or is neutral, value of 4 to 6 and 5 to
8 dry, and chroma of 2 or less. Sonme pedons have chroma of 3. Those with
chroma of 2 or 3 have common or many | ow chroma redox depletions. The Cg
horizon is neutral to noderately al kaline. Sone pedons have Cg horizons with

| ow chroma and distinct or prom nent redox concentrations with chroma of 3 or

hi gher. The Cg horizon is loany sand, |oany fine sand, fine sand, or sand.

COWVPETI NG SERI ES: These are the Hamar, Hangaard, |san and |Isanti series and the
Medano series as previously classified. Hamar soils are poorly or sonmewhat
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poorly drained. Hangaard soils are dom nantly coarse sand and have 10 to 35
percent rock fragments. |Isan and |Isanti soils are acid throughout. Medano
soils are calcareous in the upper part of the control section and noncal careous
in the | ower part.

GEOGRAPHI C SETTING. Venlo soils are in |ow basins and swal es on delta, outwash
and | ake plains. Slopes are plane or slightly concave with gradients of 0 to 1
percent. The soils formed in glaciofluvial or glaciolacustrine deposits. Mean
annual tenperature ranges from 36 to 48 degrees F, and nean annual precipitation
from15 to 24 inches. Frost-free period ranges from 105 to 140 days. Elevation
above sea level ranges from 650 to 2350 feet.

GEOGRAPHI CALLY ASSCCI ATED SO LS: These are the conpeting Hamar soils and
Arveson, Fossum Hecla, Maddock, Serden and Stirum soils. Fossum Arveson and
Hamar soils occupy simlar or slightly higher positions on the | andscape
Arveson soils are coarse-loany. Fossum soils are cal careous throughout. Hecla,
Maddock and Serden soils are on nearby higher lying level to hilly areas. They
are noderately well to excessively drained and do not have an aquic noisture
regime. Stirumsoils are cal careous throughout and have a natric horizon.

DRAI NAGE AND PERMEABI LI TY: Very poorly drained. Runoff is negligible or
ponded. A seasonal high water table is at depths of one foot above the surface
to one foot below the surface at sonme tinme during the period of Novenmber through
July. Rapid perneability.

USE AND VEGETATI ON: Used for pasture and wildlife. Native vegetation is slough
sedge, rivergrass, slimsedge, prairie cordgrass, rushes and ot her wetl and
sedges.

DI STRI BUTI ON AND EXTENT: Sout heastern and east-central North Dakota, western
M nnesota and northeastern South Dakot a. The soil is of small extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota
SERI ES ESTABLI SHED: Ri chl and County, North Dakota, 1970.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nollic
epi pedon - the zone fromthe surface of the soil to a depth of 13 inches (A

hori zon); characteristics associated with wetness - chroma of 1 or less in the

| ower part of the nollic epipedon (A horizons), and imediately below the nmollic
epi pedon (Cgl horizon) color value of 4 or nmore, hue of 5Y, distinct or

pron nent redox features, and chroma of 3 or |ess.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON WAHPETON ND+WN

Est abl i shed Seri es
Rev. RLH-CJH
02/ 97

WAHPETON SERIES

The Wahpeton series consists of very deep, noderately well drained, noderately
or nmoderately slowy pernmeable soils that forned in clayey alluvium These
soils are on levees and | ow terraces of |arge streans and have slopes of 0 to 15
percent. Mean annual air tenperature is 39 degrees F, and nean annua
precipitation is 19 inches.

TAXONOM C CLASS: Fine, snectitic, frigid Typic Hapl uderts

TYPI CAL PEDON: Wahpeton silty clay - on a slope of less than 1 percent under
cropland. \Where described the soil was moist throughout. (Colors are for dry
soil unless otherw se stated)

Ap--0 to 8 inches; very dark gray (10YR 3/1) silty clay, black (10YR 2/1)
nmoi st; strong very fine angul ar blocky structure; very hard, friable; sticky and
plastic; many fine roots; many fine pores; slight effervescence; slightly
al kal i ne; abrupt smooth boundary.

A--8 to 23 inches; dark gray (10YR 4/1) silty clay, black (10YR 2/1) nvist;
strong nmedi um subangul ar bl ocky structure parting to strong very fine angul ar
bl ocky; very hard, firnm sticky and plastic; conmon fine roots; conmon fine
pores; faces of peds have slick, shiny surface when noist; gray (10YR 5/1) band
crosses horizon at depths of 12 to 14 inches; slight effervescence; slightly
al kal i ne; clear snooth boundary. (Conbined A horizons 16 to 40 inches thick)

C--23 to 27 inches; gray (10YR 5/1) silty clay, very dark gray (10YR 3/1)
nmoi st; strong very fine angular blocky structure; hard, firm sticky and
plastic; few roots, common fine pores; slight effervescence; slightly alkaline
cl ear snmpoth boundary. (2 to 10 inches thick)

Assb--27 to 38 inches; dark gray (10YR 4/1) silty clay, black (10YR 2/1)
nmoi st; strong medi um subangul ar bl ocky structure parting to strong very fine
angul ar bl ocky; hard, firm sticky and plastic; few roots; conmon fine pores;
slickensides on vertical faces of peds; few fine nasses of carbonates; slight
ef fervescence; slightly al kaline; gradual wavy boundary. (O to 15 inches thick)

Css--38 to 47 inches; gray (10YR 5/1) silty clay, very dark gray (10YR 3/1)
noi st; noderate nedium prismatic structure parting to strong very fine angul ar
bl ocky; very hard, firm sticky and plastic; few fine roots; conmon fine pores;
di stinct slickensides on faces of peds; conmon nmedi um masses of carbonates;
strong effervescence; slightly alkaline; gradual wavy boundary. (0 to 10 inches
t hi ck)

A" ssb--47 to 60 inches; dark gray (10YR 4/1) silty clay, black (10YR 2/1)
noi st; noderate medium prismatic structure parting to strong fine and very fine
angul ar bl ocky; very hard, firm sticky and plastic; few fine pores;
slickensides are vertical but slant to 15 degrees fromvertical bel ow depths of
54 inches; few masses of carbonates; slight effervescence; slightly alkaline.
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TYPE LOCATI ON:  Wal sh County, North Dakota; about 11 1/2 miles east of 1/2 nile
north of Grafton; 1,640 feet south and 380 feet west of the northeast corner,
Sec. 13, T. 157 N., R 51 W (90 feet south of road, 800 feet east of fence on
east side of woods)

RANGE | N CHARACTERI STICS: The 10- to 40-inch control section typically averages
bet ween 50 to 60 percent clay, but ranges from35 to 60 percent. The mollic

epi pedon ranges from 16 to 40 inches in thickness. The soil comonly has one or
nore Ab horizons separated by C horizons bel ow depths of 24 inches. Many pedons
when dry have cracks which extend fromthe surface to depths of 60 inches or
more. Slickensides are in the |ower half of nmpst pedons. Sonme pedons do not
have carbonates to depths of 36 inches and do not have segregated carbonates

bel ow t hese dept hs.

The A horizon has hue of 10YR, 2.5Y or 5Y, value of 3 to 5 and 2 or 3 npist, and
chroma of 1. Some pedons have chroma of 2 nmoist in the |lower part of the A

hori zon when the soil is crushed. It is clay or silty clay. It is slightly
acid to slightly alkaline. The |ower boundary of the A horizon ranges from
gradual or clear smooth to irregular and tongued. Some pedons have a Bw or Bk
hori zon.

The C horizon has hue of 10YR, 2.5Y or 5Y, value of 4 to 6 and 3 to 5 npoist, and
chroma of 1 or 2. It is clay, silty clay or silty clay |oam It is neutral to
noder atel y al kal i ne.

The Ab horizons have hue of 10YR, 2.5Y, 5Y or are neutral, value of 3 to 5 and 2
or 3 noist, and chroma of 2 or less. They are clay, silty clay or silty clay
loam They are neutral or slightly alkaline.

COVPETI NG SERI ES: These are the Hattie, Nutley and Sinai series as previously
classified. Hattie soils do not have buried A horizons and contain 2 to 8
percent by volume rock fragments. Nutley soils have nollic epipedons |ess than
16 inches thick. Sinai soils have a regular decrease in organic matter and do
not have buried horizons.

GEOGRAPHI C SETTI NG. Wahpeton soils are on level to strongly sloping | evees and
| ow terraces of large streans. Slope gradients commonly are |ess than 2 percent
but some on |l evee and terrace edges range to 15 percent. The soil fornmed in
clayey alluvium The climate is cool, subhum d. The mean annual air
tenperatures range from 36 to 45 degrees F, and mean annual precipitation from
16 to 23 inches. Most of the moisture falls in the spring and sumer.

GEOGRAPHI CALLY ASSCOCI ATED SO LS: These are the Bearden, Cashel, Dovray,

Fai rdal e, Fargo, Hegne, La Prairie and Overly soils. Bearden and Overly soils
are on higher elevations on the nearby |ake plains. They are fine-silty.

Cashel, Fairdale and La Prairie soils are on flood plains and |low terraces that
are lower on the |l andscape than the Wahpeton soils. Cashel soils do not have
mol | i c epi pedons. Fairdale and La Prairie soils are fine-loany. The poorly
drai ned Dovray, Fargo and Hegne soils are on nearby glacial |ake plains. Dovray
and Fargo soils have Bw horizons. Hegne soils have a calcic horizon within a
depth of 16 inches.

DRAI NAGE AND PERMEABI LI TY: Moderately well drained. Runoff is slow or medium
Pernmeability is noderate or noderately slow. These soils flood occasionally in
the early spring.
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USE AND VEGETATI ON: Most areas are used to grow small grains and some row
crops, such as soybeans and sugar beets. Native vegetation was western
wheat grass, big bluestem green needl egrass, blue grama, little bluestem a
variety of forbs, shrubs, and such trees as American elm oak, boxel der and
cott onwood.

DI STRI BUTI ON AND EXTENT: Eastern North Dakota and northwestern M nnesota al ong
the Red River and other |arge streans. The soil is of noderate extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a

SERI ES ESTABLI SHED: Ri chl and County, North Dakota, June 1970.

REMARKS: Revi sed 5/94.

The site will be redescribed to better describe the Vertisol characteristics.

Di aghostic horizons and features recognized in this pedon are: nollic epipedon
- the zone fromthe surface of the soil to a depth of 23 inches (Ap and A
horizon), the C horizon has the col or but not the organic matter content to be
mollic;, Vertisol criteria - silty clay texture throughout, cracks (range in
characteristics), and slickensides below 27 inches (Assb, Css, and A ssb

hori zons) .

ADDI TI ONAL DATA:  S67NDak- 50- 1(1-8) and S67NDak- 50-2(1-4).

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON WALSH ND

Est abl i shed Series
Rev. CJH
10/ 98

WALSH SERIES

The Wal sh series consists of very deep, well or noderately well drained,
noderately or nmoderately slowy perneable soils that formed in glacial alluvium
or till containing a high amunt of shale. These soils are on glacial terraces,
del tas, fans and foot slopes and have slopes of 0 to 15 percent. Mean annua
tenperature is 39 degrees F, and nmean annual precipitation is 19 inches.

TAXONOM C CLASS: Fine-1loanmy, m xed, superactive, frigid Pachic Hapludolls

TYPI CAL PEDON: Walsh silt loam- on a north-facing plane slope of 1 percent
under cropland. (Colors are for dry soil unless otherwi se stated. Were
descri bed the soil was npoist throughout.)

Ap--0 to 10 inches; very dark gray (10YR 3/1) silt loam black (10YR 2/1)
nmoi st; noderate very fine subangul ar bl ocky structure; hard, friable, slightly
sticky and slightly plastic; many fine roots; many fine pores; neutral; clear
wavy boundary. (8 to 20 inches thick)

Bwl--10 to 17 inches; gray (10YR 5/1) silty clay loam very dark grayish
brown (10YR 3/2) nmoist; noderate medium and fine prismatic structure parting to
noderate very fine subangul ar bl ocky; hard, friable, sticky and plastic; conmon
fine roots; many fine pores; very dark brown (10YR 2/2) noist thin coatings on
faces of peds; neutral; gradual wavy boundary.

Bw2--17 to 22 inches; |ight brownish gray (2.5Y 6/2) silty clay |oam dark
grayi sh brown (2.5Y 4/2) noist; weak coarse prismatic structure parting to
nmoderate very fine subangul ar bl ocky; hard, friable, sticky and plastic; few
fine roots; many fine pores; few faint of clay films on faces of peds; neutral
gradual wavy boundary. (Conbined Bw horizons 10 to 30 inches thick)

Cl--22 to 48 inches; light brownish gray (2.5Y 6/2) silty clay |oam dark
grayi sh brown (2.5Y 4/2) moist, few faint brown (10YR 4/3) npist nmottles at 40
to 48 inches; noderate fine and very fine subangul ar bl ocky structure; hard
friable, sticky and plastic; few fine roots; many fine pores; few hard shale
fragments; few fine soft masses of carbonates at 40 to 48 inches; mldly
al kal i ne.

C2--48 to 60 inches; light brownish gray (2.5Y 6/2) |oam dark grayish brown
(2.5Y 4/2) noist; weak nedium and fine subangul ar bl ocky structure; hard,
friable, slightly sticky and slightly plastic; about 5 percent by volunme shale
fragments; few fine soft nasses of carbonates; nildly alkaline

TYPE LOCATI ON: WAl sh County, North Dakota; about 5 1/2 miles west of Park
Ri ver; 2500 feet west and 350 feet north of the southeast corner, sec. 21, T.
157 N., R 56 W

RANGE | N CHARACTERI STICS: The 10- to 40-inch control section typically averages
bet ween 25 and 35 percent clay and 15 to 45 percent fine and coarse sand. |t
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contains O to 10 percent by volunme of hard shale fragments in the solum The
mol i c epi pedon is 16 to 30 inches thick

The A horizon has 10YR or 2.5Y hue, value of 3 or 4 and 2 or 3 noist, and chroma
of 1. It typically is silt loamor clay |loam and some is loamor silty clay
| oam

The Bw horizon has 10YR or 2.5Y hue, value of 3 to 6 and 2 to 4 nmpist, and
chroma of 1 to 3. It is loam silt loam clay loam or silty clay | oam

The C horizon has 2.5Y or 5Y hue, value of 4 to 7 and 3 to 6 mpist, and chroma
of 1 to 3. It is loam silt loam clay |loam or silty clay |loam or gravelly

| oam  Some pedons contain diffuse and segregated carbonates at depths of 36 to
60 inches. Sone contain sand and gravel conmposed nostly of shale within depths
of 40 to 60 inches.

COWPETI NG SERI ES: These are the Aastad, Darnen, Delette, Lankin, Lismore, and
Svea series in the same fanmily and the Beotia, Enbden, Enmrick, La Prairie,
Overly, and Waubay series. Aastad and Svea soils have formed in till and have
Bk horizons. Darnen soils average between 18 and 30 percent clay in the 10- to
40-inch control section and do not have shale fragnments. Delette soils are
slightly to strongly acid. Lankin and Lisnmore soils have Bk horizons. Beoti a,
Overly, and Waubay soils are fine-silty. Enmbden and Enrick soils are coarse-
loamy. La Prairie soils have an irregular decrease in organic matter with

dept hs.

GEOGRAPHI C SETTING: Wal sh soils are on glacial terraces, deltas, fans, and foot
sl opes. Slope gradients conmonly are |ess than 3 percent, but sonme range to 15
percent on a few fans and foot slopes. The soils formed in glacial alluvium
whi ch was derived fromshale or glacial till containing a high amunt of shale.
The climate is cool, subhum d. Mean annual tenperature ranges from 38 to 45
degrees F., and nean annual precipitation from 16 to 20 inches. Mst of the
precipitation cones in the spring and summer.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the conpeting LaPrairie, Overly, and
Svea soils and the Barnes, Brantford, Buse, Coe, Divide, Edgeley, Gardena

Kl oten, and Vang soils. LaPrairie soils are on sinmilar |andscapes as Wl sh
soils. Overly soils are in nearby glaciolacustrine deposits. Svea soils are on
nearby till plains. Barnes, Buse, and Edgeley soils are on nearby till plains
and have thinner nmollic epipedons. Brantford soils are on nearby outwash plains
and Vang soils are on simlar |andscapes as Wal sh soils. These soils are fine-

| oamy over sandy or sandy-skeletal. Coe and Kloten soils are on hills and side
sl opes above the fans and foot slopes. Coe soils are sandy-skeletal and Kloten
soils are shallow. Divide soils are in swales and depressions and have calcic
hori zons within 16 inches of the surface. Gardena soils are in nearby

gl aci ol acustrine deposits and are coarse-silty.

DRAI NAGE AND PERMEABI LI TY: Well and noderately well drained. Runoff is slow or
medi um  Perneability is noderate or noderately sl ow.

USE AND VEGETATION: Soils are cropped to small grains and row crops such as
pot at oes and beans, and are used for pasture. Native vegetation is tall and md
prairie grasses.

DI STRI BUTI ON AND EXTENT: Nort heastern and north-central North Dakota. The
series is of noderate extent.
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MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakot a

SERI ES ESTABLI SHED: WAl sh County, North Dakota, 1938.

REMARKS: Revi sed 3/90.

Di agnostic horizons and features recognized in this pedon are: nmollic epipedon

- the zone fromthe surface of the soil to a depth of 17 inches (Ap and Bwl
hori zons); canbic horizon - the zone from 17 to 22 inches (Bw2 horizon).

Nat i onal Cooperative Soil Survey
U. S. A
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LOCATI ON WANMDUSKA ND+MN

Est abl i shed Seri es
Rev. CJH-RJIB-KJL
02/ 97

WAMDUSKA SERIES

The Wanduska series consists of deep, excessively drained, rapidly perneable

soils that formed in sorted sand and gravel. These soils are on beaches of
current and former |akes. They are very shallow to sand and gravel. Sl opes
range fromO to 45 percent. Mean annual precipitation is 17 inches, and nean

annual tenperature is 41 degrees F.
TAXONOM C CLASS: Sandy, mixed, frigid Typic Udorthents

TYPI CAL PEDON: Wanduska | oany coarse sand on a beach on a southeast- facing
convex slope of 5 percent. (Colors are for noist soil unless otherw se stated
Where descri bed the soil was moist to 7 inches and dry below 7 inches.)

OCe--2 inches to 0; black (10YR 2/1) and very dark grayish brown (10YR 3/2)
partially deconmposed | eaves, roots, and tw gs; many very fine and few nedi um and
coarse roots; abrupt smooth boundary. (0 to 3 inches thick)

A--0 to 3 inches; very dark gray (10YR 3/1) |oany coarse sand, dark grayish
brown (10YR 4/2) dry; single grain; |oose, very friable, nonsticky, and

nonpl astic; many very fine and few fine and nediumroots; slight effervescence;
mldly al kaline; abrupt snmooth boundary. (1 to 7 inches thick)

Cl--3 to 7 inches; dark grayish brown (2.5Y 4/2) gravelly |oany coarse sand
grayi sh brown (2.5Y 5/2) dry; single grain; |oose, nonsticky, and nonpl astic;
many very fine and few fine and nedi um roots; about 35 percent by vol ume gravel
slight effervescence; noderately al kaline; abrupt smooth boundary.

C2--7 to 18 inches; dark grayish brown (10YR 4/2) very gravelly coarse sand
i ght brownish gray (10YR 6/2) dry; single grain; |oose, nonsticky, and

nonpl astic; commn very fine and few medi umroots; about 40 percent by vol une
gravel ; slight effervescence; mldly al kaline; clear snooth boundary.

C3--18 to 25 inches; dark grayish brown (2.5Y 4/2) very gravelly coarse sand,
i ght brownish gray (2.5Y 6/2) dry; single grain; |oose, nonsticky, and

nonpl astic; comon very fine and few fine roots; about 55 percent by volume
gravel; slight effervescence; mldly al kaline; abrupt wavy boundary.

C4--25 to 32 inches; very dark grayish brown (2.5Y 3/2) gravelly coarse sand,
grayi sh brown (2.5Y 5/2) dry; single grain; |oose, nonsticky, and nonpl astic;
common very fine and few fine, medium and coarse roots; about 20 percent by
vol unme gravel; slight effervescence; mldly alkaline; abrupt wavy boundary.

C5--32 to 57 inches; dark brown (7.5YR 4/4), dark grayish brown (10YR 4/2) and
dark brown (10YR 4/3) gravelly coarse sand, brown (7.5YR 5/4), grayish brown
(10YR 5/2) and brown (10YR 5/3) dry; single grain; |oose, nonsticky, and

nonpl astic; few very fine, fine and nmedi um roots; about 15 percent by vol unme
gravel ; slight effervescence; noderately al kaline; abrupt wavy boundary.
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Ab--57 to 60 inches; black (10YR 2/1) gravelly | oany coarse sand, dark gray
(10YR 4/1) dry; massive; |oose, very friable, nonsticky, and nonplastic; few
very fine roots; about 30 percent by volune gravel; slight effervescence;
moderately alkaline. (0 to 12 inches thick)

TYPE LOCATION: Nel son County, North Dakota; about 11 miles south of Lakota on
the shore of Stunp Lake; 1730 feet south and 875 feet east of the northwest
corner, sec. 28, T. 151 N, R 60 W

RANGE | N CHARACTERI STICS: The 10- to 40-inch control section averages 15 to 35
percent by volune coarser than 2 mm At |east one subhorizon has nore than 35
percent by volume coarser than 2 mm Typically, carbonates are at the surface
but in some pedons the depth ranges from4 to 48 inches. Sone pedons have a
very stony surface. The amount of shale in the soil profile typically ranges
from2 to 80 percent by volunme, but some pedons do not contain any shale

The A horizon has hue of 10YR, value of 2 or 3 (3 to 5 dry), and chroma of 1 to
3. It is loamy coarse sand, |oany sand, sandy |oam gravelly |oanmy coarse sand,
coarse sandy |oam or loam \here the A horizon is sandy | oam coarse sandy
loam or loam it is 5 inches or less in thickness. The A horizon is neutral or
mldly al kaline.

The C horizon has hue of 7.5YR, 10YR, or 2.5Y, and rarely 5Y; value of 3 to 6 (4
to 7 dry); and chroma of 1 to 4. The C horizon is gravelly coarse sand,
gravelly very coarse sand, gravelly sand, or gravelly | oamy coarse sand, but has
at |l east one |layer of very gravelly coarse sand, very gravelly sand, very
gravel ly very coarse sand, very gravelly | oany coarse sand, or very gravelly

| oamy sand. In some pedons it has |ayers of sand, coarse sand, very coarse
sand, or loany sand. Sonme pedons have thin strata of finer material. Sone
pedons have | oam or clay | oam 2C horizons of till or lacustrine sediments at

depths of 40 to 60 inches. The C horizon ranges fromneutral to noderately
al kal i ne.

COWVPETI NG SERIES: There are no other series in the same famly. Claire, Coe,
Emrert, and Sioux are simlar soils. The Claire soils have | ess than 15 percent
by volunme coarser than 2 mmin the 10- to 40-inch control section. The Coe,
Emrert, and Sioux soils are sandy-skeletal. In addition, Coe and Sioux soils
have mol lic epi pedons.

GEOGRAPHI CAL SETTI NG. Wanduska soils are on |level to very steep beaches of
current and former | akes. Slopes are plane or convex and gradients range fromO
to 45 percent. The soils formed in water sorted sand and gravel. Mean annua
tenperature ranges from 38 to 45 degrees, and nean annual precipitation ranges
from 15 to 20 inches.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Lallie, Mauvais, and M nnewaukan
soils on | ake shores and | ake plains. Lallie soils formed in |ower lying fine
textured | acustrine sedinents. Mauvais soils forned in till and are poorly and
somewhat poorly drained. M nnewaukan soils are poorly drained and have fewer
coarse fragnents

DRAI NAGE AND PERMEABI LI TY: Excessively drained. Permeability is rapid.
Surface runoff is very sl ow

USE AND VEGETATI ON: Most areas are used for rangeland or wildlife. Some gently
sl opi ng and nonstony areas are cultivated or used for hay. The dom nant
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vegetation is needl eandt hread, western wheatgrass, and blue grama and sone
cottonwood and Anerican elm

DI STRI BUTI ON AND EXTENT: Central and northern North Dakota. The series is
nmoderately extensive. (About 15,000 acres in Nelson, Benson, Ransey, and Eddy
Counties.)

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota

SERI ES ESTABLI SHED: Ranmsey County, North Dakota, 1984.

REMARKS: The soils mapped Claire in Benson County Area Soil Survey and the
soils mapped M nnewaukan | oany fine sand, 6 to 9 percent slopes in Eddy County

and parts of Benson and Nel son Counties contain many pedons of the Wanduska
series.

Di agnostic horizons and features recognized in this pedon are: ochric epipedon
- zone fromthe surface of the soil to a depth of 3 inches (A horizon).

ADDI TI ONAL DATA: Refer to NDSU File Code No. S82ND063-119 (1-8) for |aboratory
anal ysis of type location pedon of the series.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON WYNDMERE ND+MN SD

Est abl i shed Seri es
CIH
06/ 1999

WYNDMERE SERIES

The Wyndnere series consists of very deep, somewhat poorly drained, noderately
rapidly permeable soils formed in cal careous noderately coarse and coarse

gl aci ofluvial and gl aci ol acustrine deposits. These soils are on delta, outwash
and gl aci ol acustrine plains, and on beach ridges. Slope ranges fromO to 3
percent. Mean annual air tenperature is 42 degrees F, and the nean annua
precipitation is 19 inches.

TAXONOM C CLASS: Coarse-loany, m xed, superactive, frigid Aeric Calciaquolls

TYPI CAL PEDON: Wndmere fine sandy | oam - on a plane, nearly |level slope of
less than 1 percent in a cultivated field. (Colors are for noist soil unless
ot herwi se stated. Where described, the soil was noist throughout.)

Ap--0 to 8 inches; black (10YR 2/1) fine sandy |oam very dark gray (10YR
3/1) dry; weak coarse subangul ar bl ocky structure parting to noderate nedium
granular; slightly hard, very friable; many roots; strong effervescence;
noder at el y al kal i ne; abrupt boundary. (Conmbined A horizons 6 to 11 inches
t hi ck)

ABk--8 to 15 inches; very dark gray (10YR 3/1) fine sandy | oam gray (10YR
5/1) dry; weak coarse prismatic structure parting to weak coarse angul ar bl ocky;
slightly hard, very friable; combpn roots; strong effervescence; noderately
al kal i ne; gradual wavy boundary. (0 to 8 inches thick)

Bk--15 to 26 inches; gray (10YR 5/1) fine sandy |oam |I|ight gray (10YR 6/1)
dry; weak coarse prismatic structure parting to weak coarse angul ar bl ocky;
slightly hard, very friable; few roots; violent effervescence; npderately
al kal i ne; gradual wavy boundary. (6 to 36 inches thick)

Cl--26 to 44 inches; light olive brown (2.5Y 5/4) fine sandy | oam pale
yellow (2.5Y 7/4) dry; few fine prom nent dark reddi sh brown (5YR 3/2)
redoxi norphi ¢ concentrations; weak coarse subangul ar bl ocky structure parting to
weak coarse granular; slightly hard, very friable; strong effervescence;
noder ately al kaline; gradual boundary.

C2--44 to 60 inches; light olive brown (2.5Y 5/4) fine sandy | oam pale
yellow (2.5Y 7/4) dry; many prom nent very dark brown (10YR 2/2) and yell ow sh
brown (10YR 5/6) redoxinmorphic concentrations; massive; slightly hard, friable;
strong effervescence; noderately al kaline.

TYPE LOCATION: Richland County, North Dakota; about 2 1/2 mles west and 3
mles south of Galchutt; 455 feet east and 190 feet north of the sout hwest
corner, Sec. 9, T. 133 N, R 49 W
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RANGE | N CHARACTERI STICS: The nollic epi pedon ranges from7 to 16 inches in

t hi ckness. The 10- to 40-inch particle-size control section typically is fine
sandy | oam or sandy | oam but |oany fine sand, fine sand, |oam very fine sand
or | oany very fine sand are bel ow depths of 25 inches in sonme pedons. Sone
pedons have an EC up to 12 mrhos/cm

The A horizon has 10YR hue, value of 2 or 3 and 3 to 5 dry, and chroma of 1 or
2. It typically is fine sandy | oam but some is sandy | oam very fine sandy
loam silt loamor loam It is neutral to noderately alkaline. Some pedons
have an Ak hori zon.

The Bk horizon has 2.5Y or 10YR hue, value of 3 to 6 and 4 to 8 dry, and chronm
of 1 to 4. It is fine sandy |oam or sandy | oam and has a cal ci um carbonate

equi valent of 15 to 30 percent. It is slightly alkaline or noderately al kaline.
In some pedons it has a few fine faint redoxinorphic features.

The C horizon has hue of 10YR, 2.5Y, or 5Y, value of 4 to 7 and 5 to 8 dry, and
chroma of 2 to 4. Chroma of 6 is all owed bel ow depths of 35 inches. The C
hori zon has textures ranging fromsilt loamto fine sand. Where present, the
coarser textures are bel ow depths of 25 inches. The C horizon is slightly

al kaline or noderately al kaline. Redoxinorphic features range fromfew to many
and fromfaint to promnent. Materials below a depth of 40 inches in sone
pedons range fromfine to coarse textured.

COWPETI NG SERI ES: These are the Cookcan, Cowbone and Fram series. Cookcan
soils occur at el evations above 4,900 feet, have a water table at |less than 1.5
feet and are on floodplains. Cowbone soils occur at elevations above 3, 600
feet, do not have carbonates below the calcic horizon, have a water table at
less than 1.5 feet and are on floodplains. Framsoils contain 1 to 10 percent
rock fragments throughout and formed in loamtill.

GEOGRAPHI C SETTI NG Wndnere soils are on |evel or nearly |level,

gl aci ol acustrine and outwash pl ains, and on beach ridges. Slope gradients are O
to 3 percent. They formed in cal careous noderately coarse and coarse

gl aci of luvial and gl aci ol acustrine deposits. Mean annual air tenperature ranges
from36 to 45 degrees F, and nean annual precipitation from 14 to 23 inches.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the Arveson, Egel and, Enbden, Hecl a,
Maddock, Tiffany and U en series. Arveson and Tiffany soils are in nearby |ow
swal es and flats. Arveson soils have promnent nmottling within a depth of 20

i nches and are poorly drained. Tiffany soils do not have a calcic horizon
within depths of 16 inches. Egeland soils are well drained and are on higher

I ying convex areas. Enbden soils have nollic epi pedons nmore than 16 inches
thick and are on slightly higher, better drained positions. Hecla and Maddock
soils are on nearby higher lying areas. U en soils are in sinilar positions as
the Wndnere soils. Hecla, Maddock and U en soils are sandy.

DRAI NAGE AND PERMEABI LI TY:  Somewhat poorly drained. Perneability is noderately
rapid. Runoff is negligible or very | ow depending on slope. An apparent
seasonal high water table is at a depth of 1.5 to 3.5 feet at sone tinme during
the period of April through June.

USE AND VEGETATI ON: Most areas are used to grow spring-seeded small grains,
flax, potatoes and sone corn. Native vegetation is blue grama, little bluestem
needl eandt hread and prairie sandreed.
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DI STRI BUTI ON AND EXTENT: Eastern and central North Dakota, north- central South
Dakot a, and northwestern M nnesota. The series is of |arge extent.

M_LRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota
SERI ES ESTABLI SHED: Ri chland County, North Dakota, 1970.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nollic
epi pedon - the zone fromthe surface of the soil to a depth of 15 inches (Ap and
ABK horizons); calcic horizon - the zone from8 to 26 inches (ABk and Bk

hori zons); characteristics associated with wetness - calcic horizon within 16

i nches; aquic noisture regine.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON WYRENE ND+WN

Est abl i shed Series
Rev. CJH- MDS
2/ 99

WYRENE SERIES

The Wrene series consists of very deep, sonewhat poorly drained soils that
formed in noderately coarse overlying coarse textured sedinents. Perneability
is nmoderately rapid in the upper part and rapid in the |lower part. These soils
are on slightly depressed areas on outwash plains and interbeach areas. Sl ope
ranges fromO to 3 percent. Mean annual air tenperature is 39 degrees F, and
mean annual precipitation is 18 inches.

TAXONOM C CLASS: Sandy, m xed, frigid Aeric Cal ciaquolls

TYPI CAL PEDON: Wrene sandy | oam - on a plane slope of |less than 1 percent
under cropland. (Colors are for nmoist soil unless otherwi se stated. Wen
descri bed the soil was npoist throughout.)

A--0 to 8 inches; black (10YR 2/1) sandy |oam dark gray (10YR 4/1) dry; weak
fine granular structure; slightly hard, very friable, slightly sticky and
slightly plastic; many roots; strong effervescence; noderately al kaline; gradua
wavy boundary. (7 to 16 inches thick)

Bk1--8 to 13 inches; dark gray (10YR 4/1) sandy |oam gray (10YR 6/1) dry;
noderate coarse prismatic structure parting to noderate coarse and medi um
subangul ar bl ocky; hard, friable, slightly sticky and slightly plastic; conmon
roots; carbonates dissem nated throughout; violent effervescence; noderately
al kal i ne; gradual wavy boundary.

Bk2--13 to 21 inches; dark gray (10YR 4/1) sandy |oam gray (10YR 6/1) dry;
nmoderate coarse and nmedi um prismatic structure parting to noderate coarse and
medi um subangul ar bl ocky; hard, friable, slightly sticky and slightly plastic;
few fine roots; carbonates di ssem nated throughout; violent effervescence
noderately al kaline; clear wavy boundary. (Conbined Bk horizons 8 to 34 inches
t hi ck)

2Cl1--21 to 29 inches; light olive brown (2.5Y 5/4) coarse sand, |ight
yel l owi sh brown (2.5Y 6/4) dry; single grain; slight effervescence; npderately
al kali ne; cl ear wavy boundary.

2C2--29 to 42 inches; light olive brown (2.5Y 5/4) coarse sand, |ight
yel | owi sh brown (2.5Y 6/4) dry; conmon fine distinct dark yellowi sh brown (10YR
4/ 4) redox concentrations; single grain; |oose; about 3 percent pebbles; slight
ef fervescence; noderately al kaline; clear wavy boundary.

2C3--42 to 60 inches; very dark grayish brown (2.5Y 3/2) coarse sand, |ight
browni sh gray (2.5Y 6/2) and grayish brown (2.5Y 5/2) dry; single grain; |oose;
about 5 percent pebbles; slight effervescence; noderately al kaline.

TYPE LOCATI ON: Eddy County, North Dakota; about 15 nmiles east and 3 1/2 mles
sout h of New Rockford; 2420 feet south and 1450 feet west of the northeast
corner, sec. 22, T. 148 N, R 64 W
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RANGE | N CHARACTERI STICS: Depth to |oany sand or coarser textures ranges from
20 to 32 inches. Typically, the A and Bk horizons average between 6 and 18
percent clay and 18 to 35 percent silt. They contain up to 10 percent rock
fragnents. The particle-size control section contains nmore than 30 percent
medi um and coarser sand. The nmollic epipedon is 7 to 16 inches thick.

The A horizon has hue of 10YR or 2.5Y, value of 2 or 3 and 3 to 5 dry, and
chroma of 1. It is sandy | oam or coarse sandy loam It is neutral to
noderately al kaline. Sone pedons have an AK hori zon.

The Bk horizon has hue of 10YR or 2.5Y, value of 3 to 5 and 5 to 7 dry, and

chroma of 1 or 2. It is sandy |oam coarse sandy |loamor loam It is slightly
al kaline or nmoderately alkaline. It contains 15 to nore than 30 percent cal ci um
carbonate equival ent. Sonme pedons have a 2Bk horizon. |t has textures simlar

to the 2C horizon, however, it may also have a texture of |oany sand.

The 2C horizon has hue of 10YR, 2.5Y or 5Y, value of 3 to 6 and 5 to 8 dry, and

chroma of 1 to 6. It is sand or coarse, or their gravelly anal ogues, containing
up to 35 percent rock fragnents. It is slightly alkaline or noderately

al kaline. It has fewto many, and faint to prom nent redox features in sone
pedons. dacial till or lacustrine sediments with textures of |loam clay |oam

or silt loam are bel ow depths of 40 inches in sone pedons.

COWPETI NG SERI ES: These are the Karl sruhe and U en series. Karlsruhe soils
have | oany sand or coarser textures at depths of |less than 20 inches. Ul en
soils have a particle-size control section that averages fine sand or |oamy fine
sand with |l ess than 30 percent nedi um and coarser sand.

GEOGRAPHI C SETTING. Wrene soils are on |evel and nearly level slightly
depressed areas on outwash plains and interbeach areas. Slope ranges fromO to
3 percent. The soils formed in noderately coarse overlying coarse textured
sedi nents. The climate is cool, subhum d. Mean annual air tenperature ranges
from37 to 45 degrees F, and nean annual precipitation from 15 to 22 inches.
Most of the precipitation comes in the spring and sumrer. Frost-free period
ranges from 110 to 140 days. Elevation above sea | evel ranges from 900 to 2300
feet.

GEOGRAPHI CALLY ASSCCI ATED SO LS: These are the Arveson, Arvilla, Claire,

Di vi de, Hamar, Hangaard, Lohnes, Marysland, Osakis, Sandberg, Syrene, Totten,
War si ng and Wyndnere soils. Arveson, Marysland, Syrene and Totten soils are on
nearby slightly |ower lying areas. Arveson soils are coarse-loany. Marysland
soils are fine-loany over sandy or sandy skeletal. Totten soils have natric
horizons. Arvilla, Claire, Lohnes, Osakis, Sandberg and Warsing soils are on

hi gher lying areas and are noderately well drained to excessively drained.

Di vi de, Hamar and Wndnere soils are on nearby outwash plains. Divide soils are
fine-1oany over sandy or sandy-skeletal. Hamar and Hangaard soils do not have
calcic horizons. Wndnere soils are coarse-| oany.

DRAI NAGE AND PERMEABI LI TY: Somewhat poorly drained. Runoff is negligible or
very | ow depending on slope. Perneability is noderately rapid in the upper part
and rapid in the | ower part. A seasonal high water table is at a depth of 1.5
to 3.5 feet below the surface at sonme tinme during the period of April through
June.
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USE AND VEGETATION: Soils are cropped to spring seeded small grains. Sonme are
used for hay and pasture. Native vegetation was md and tall prairie grasses
such as little and big bluestem

DI STRI BUTI ON AND EXTENT: Central and eastern North Dakota and northwestern
M nnesota. The soil is of nopderate extent.

MLRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota

SERI ES ESTABLI SHED: Eddy County, North Dakota, 1971.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nollic
epi pedon - the zone fromthe surface of the soil to a depth of 8 inches (A

hori zon); calcic horizon - the zone from8 to 21 inches (Bkl and Bk2 horizons).

ADDI TI ONAL DATA: Laboratory data sanple S76ND49-11.

Nati onal Cooperative Soil Survey
U S A
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LOCATI ON ZELL SD+MN ND

Est abl i shed Seri es
Rev. FTM CJH
2/ 99

ZELL SERIES

The Zell series consists of very deep, well drained noderately permeable soils
formed in glaciolacustrine sedinents. These upland soils have sl opes ranging
fromO to 25 percent. Mean annual air tenperature is about 44 degrees F., and
mean annual precipitation is about 18 inches.

TAXONOM C CLASS: Coarse-silty, mxed, superactive, frigid Typic Calciudolls

TYPI CAL PEDON: Zell silt loam- on a 15 percent convex east-facing slope in
native grass. When described the soil was moist throughout. (Colors are for dry
soil unless otherw se stated)

A--0 to 6 inches; dark gray (10YR 4/1) silt loam black (10YR 2/1) noist;
noderate fine and medi um granul ar structure; soft, very friable; slight
ef fervescence; slightly alkaline; clear smooth boundary. (4 to 10 inches thick)

Bk1l--6 to 11 inches; grayish brown (2.5Y 5/2) silt |oam dark grayish brown
(2.5Y 4/2) noist; weak nmedi um and coarse subangul ar bl ocky structure parting to
weak fine granular; soft, very friable; strong effervescence; noderately
al kal i ne; clear wavy boundary.

Bk2--11 to 18 inches; |ight brownish gray (2.5Y 6/2) silt loam 1light olive
brown (2.5Y 5/4) moist; many fine distinct yellow sh brown (10YR 5/6) nvi st
relict redoxinorphic concentrations and many fine proninent gray (5Y 5/1) noist
relict redoxinorphic depletions; weak coarse subangul ar bl ocky; slightly hard,
friable; few fine threads and nasses of cal cium carbonate; violent
ef fervescence; noderately al kaline; clear wavy boundary. (Conbined thickness of
Bk horizons is 0 to 25 inches)

Bky--18 to 26 inches; light gray (2.5Y 7/2) silt loam light olive brown
(2.5Y 5/4) noist; many nmedi um prom nent yellow sh brown (10YR 5/6) npist relict
redoxi norphi ¢ concentrations and gray (5Y 5/1) noist relict redoxinorphic
depl etions; weak nedium and fine subangul ar bl ocky structure parting to weak
thin platy; slightly hard, friable; few fine threads and masses of cal cium
carbonate; few fine nests of gypsum strong effervescence; slightly alkaline;
gradual snooth boundary. (0 to 12 inches thick)

C--26 to 60 inches; pale yellow (2.5Y 7/3) silt loam |I|ight yellow sh brown
(2.5Y 6/3) noist; many coarse prom nent brownish yellow (10YR 6/6) npist relict
redoxi morphi ¢ concentrations and gray (5Y 5/1) noist relict redoxinorphic
depl etions; lanm nated; slightly hard, friable; strong effervescence; noderately
al kal i ne.

TYPE LOCATI ON:  Brown County, South Dakota; about 2 mles west and 1.5 mles
north of Stratford; 2,500 feet north and 1,320 feet east of the sout hwest
corner, sec. 31, T. 122 N, R 62 W
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RANGE | N CHARACTERI STICS: The thickness of the nollic epipedon ranges from7 to
16 inches. Typically, free calcium carbonates are at the surface, but are

| eached fromthe upper few inches in sone pedons in native grass. Redoxi norphic
features are inherent fromthe parent material and vary wi dely in anmpbunt and
intensity between pedons.

The A horizon has value of 3 to 5 and 2 or 3 noist, and chrom of less than 1.5.
It has a chroma of 2 in sonme cultivated pedons. It typically is silt |oam but
is very fine sandy | oam fine sandy loam or loamin some pedons. |t ranges
fromneutral to noderately al kaline. Sonme pedons have an AB horizon. Sone
pedons have a thin Bw horizon. The conbined thickness of A and Bw horizons is

| ess than 10 inches thick.

The Bk and Bky horizons have hue of 10YR or 2.5Y, value of 5to 8 and 3 to 6

noi st, and chroma of 2 to 4. It is silt loamor very fine sandy loam It is
slightly or noderately alkaline. Few or conmmon, fine or nedium masses and

t hreads of cal cium carbonate are in the Bk horizon which has a cal cium carbonate
equi valent of 10 to 20 percent. Few to many, fine or nedium nests of gypsum are
i n nost pedons.

The C horizons have hue of 10YR or 2.5Y, value of 6 to 8 and 4 to 6 npist, and
chroma of 2 to 4. They are is silt loam loam or very fine sandy loamwith
thin I enses of finer or coarser textures in the |lower part. Sone pedons are not
distinctly | am nated bel ow depths of 16 to 20 inches. The C horizon is slightly
to strongly al kaline.

COWPETI NG SERIES: This is the Huffton series. Huf fton soils have an electrica
conductivity of nmore than 4 mmhos.

GEOGRAPHI C SETTING: Zell soils are on uplands having convex surfaces. Slope
gradients typically are less than 15 percent but ranges fromO to 25 percent.
The soils fornmed in silty cal careous gl aciol acustrine sedinments. The nean
annual air tenperature ranges from 36 to 45 degrees F., and the nean annual
precipitation ranges from 16 to 24 inches. Grow ng season is about 105 to 165
days; average growi ng season precipitation ranges from 14 to 20 inches; and
growi ng degree days are about 2500 to 3500. Elevation above sea | evel ranges
from 650 to 2350 feet.

GEOGRAPHI CALLY ASSOCI ATED SO LS: These are the conpeting Huffton soils and the
Beoti a, Eckman, Gardena, G yndon, and Great Bend soils. Huffton soils are on
simlar |andscapes. Beotia and Gardena soils have nmollic epi pedons greater than
16 inches thick and are in swales. Eckman and Great Bend soils have canbic

hori zons and are on nearly level to noderately sl oping nearby |andscapes

G yndon soils have calcic horizons and are on nearly |level nearby | andscapes.

DRAI NAGE AND PERMEABI LI TY: Well drained. Surface runoff is nmedium or high
Pernmeability is noderate.

USE AND VEGETATI ON: Areas on steeper slopes are mainly in native grass. The
principal species are sideoats grama, little bluestem blue grama, big bluestem
needl eandt hread, western wheatgrass, prairie dropseed, sedges, and forbs. Most
of the less sloping areas are cultivated. Small grain, corn, and alfalfa are the
principal crops.

DI STRI BUTI ON AND EXTENT: Nort heastern South Dakota, eastern North Dakota, and
western M nnesota. The Zell series is of npderate extent.
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M_LRA OFFI CE RESPONSI BLE: Bi smarck, North Dakota

SERI ES ESTABLI SHED: Spi nk County, South Dakota, 1955.

REMARKS: Di agnostic horizons and features recognized in this pedon are: nollic
epi pedon - the zone fromthe surface to a depth of 7 inches after m xing the top

7 inches (A horizon).

Nati onal Cooperative Soil Survey
U S A
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