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UL- 27 Ty 4t Inghes, light-gray {(25Y 7/2) shaly elay Tomn,
ark grayish brown (2.5Y 4/2) moist; few, line,
distinet mattles of strong brown (7.5YH 5/0) moist ;
mietssive s sHghtly hard, Ceinlle, sticky, plastic; 40
pereent siule chips; few (ibe segroputions of Hioe
streng effervescence; moderately nlknline; abrupt,
smaooth houndary.

Thez—d1 fo GO inches, gray (BY G/1) shale, very dark gray

(Y 3/71) moist; wmany, OGoe, wmedium and conrse.
irominent mottles of sfrong brown (T.5YR 5/6)

mnigt; ledded shale breaks to fne te conrse platy
struvtore; few fine segregntions of lime; slight effer-
veseenee in gpots ; mildiy wlkaline,

Thi A horizon, when moist, is bluek or veey dorck pray.
il Iaee is 10 YRR o 25Y0 1t is eomnoily leam. The comidned
!’ilfl]'f\'fll‘.‘-i:-i of the A and B horizons ranges from 16 to 36
(B30 FIALCN

The 11 horizon ranges from loam fo elay in texture. The
comdent of slatle elips in the CF horizod raooges frowm 10 to
(0 perecot. In plaees {he O horizon is novealesrecns, Dupth
trr bedcted? shide tanges Cram 3010 G0 inelies.

Falgeley soils are near Buse, Forman, Kioten, and Kranz-
burr soils. They diifer from Bose, Forman, and Kranzbung
sails jn having bedded shale ot depths Detween 200 and (¢
inches, "They nre deeper over shinle than Klaten snils.

Edgeley loam, 2 to 6 percent slopes {EdB).-—This soil
is gently sloping. The areas are irregular in shape and
eonmonly less than 20 acres in size. This soil has & pro-
lile similar to the one desceribed as vepresentative for the
series, exeept that the surfaec layer is slightly thicker
and in some areas it is silty clay loan.

Ineluded with this seil in mapping were areas of
Auastad and Forman soils. Aastad soils are on foot slopes
and in swales. Forman soils are in spots that are deeper
over shale or shaly titl.

Permeability is moderate above the shale in this Edge-
ley soil. It is somewhat droughty. Tilth is good. Runoff
15 medium, and there is some hazard of crosion.

Many nreas of this seil are cultivated. Controlling ero-
sion is the main concern of management. Capability unit
Tie-1; Silty range site; windbreak group 6.

Edgeley loam, 6 to 9 percent slopes (EdC).—This soil
is sloping. The aveas ave irregular in shape and are
mastly less than 40 acres in size. I has the profile de-
scribed as representative for the series. In some arens the
surface layer and subsoil are silty elay loam.

Inclnded with this soil in mapping were areas of
Aastad, Buse, and Forman soils. Aastad soils are on foot
slopes and in swales. Busc soils are on the tops of vidges
and lmnolls. Forman soils are in places that have under-
Iylllng material of clay loam till instead of shale or shaly
till.

Runofl is medium in this Edgeley soil. It is easily
worked, but it is somewhat droughty. The hazard of ero-
sion is modernte.

Many areas of this soil are in nabive grass and are
used for pasture and hay. Other areas are cultivated.
Controlling erosion is the main concern of management.
Capability unit Ille-1; Silty range site; windbreak
group 6.

_ Edgeley loam, 9 to 15 percent slopes (EdD].—This seil

15 strongly sloping. The areas are irregular in shape and

are mostly less than 50 ncres in size. This seil has a pro-

file similar to the one described as representative for the

series, except that in' places the surface layer and subsoil

are thinner. Small areas that are stonv on the surface
are in some areas, and in a few areas the surface layer
and subsoil are stlty clay loam.

Included with this seil in mapping were areas of
Aastad, Buse, and Forman soils. Asstad soils are on foo!
slopes and in swales. Buse soils are on the higher port:
of the landscape. Tarman soils are in spats where tl
mantle of glacial till is thicker.

Runoff is medium in this lidgeley soil. Available wates
capacity is moderate. This soil is somewhat droughty
The hazard of erosion is severe.

Most areas of this soil are in native grass and are usec
for pasture and hay. This seil can be cultivated, but tl
hazard of erosion is a lmitation. Capalbrility unit IVe-1.
Silty range site ; windbreak group 6.

Embden Series

The Embden series consists of deep, nearly level tc
gently wundulating, well drained or wnoderately well
drained, loamy soils that formed in fine sandy loam de-
posited by wind or glacial melt water. These soils are
on uplands. ]

In & representative profile the surface layer is dark
gray and dark grayish-brown fine sandy loam about 1
inches thick. The subseil is grayish-brown fine sandy
loam about 19 inches thick. It is slightly hard when dry
and very Ifriable when meist. The underlying material i
pale-brown loamy fine sand and fine sandy loam.

Fertility is medium in Embden soils. Available wate
eupacity is moderate or high. Permeability 35 maoderately
rapid. These soils are highly susceptible to blowing.

Many areas ave cultivated. Qther areas are In native
grass and are used for hay and pasture.

Representative profile of Embden fine sandy loam, 0
to 2 percent slopes, 2,580 feet north and 280 feet west of
the southeast corner of sec. 82, T. 128 ., R. 58 W.:

Ap—0 to G inches, dark-geay (10YR 4/1) fine sandy loam,

binck (I0YR 2/1} moisk; weak, ﬁnle and medinmn,
sranular  stroeture;  soft, very  frinble; neuotral;
abrupt, smogtl boundary.
to 15 inches, dark groyish-Lrown (10YR 4/2) fine
sandy lonm, blelk (10YR 2/1) crushing Lo very dark
brown (IOYR 2/2) neist; wenie, very coarse asd
conrse, prismatic stronehure parting to weak, me
diva, subangular bloeky steucture; soft, very fri-
able; neuteal; clear, smooth bourndary.

B2—13 to 34 inches, grayish-brown (10Y TR 6/2) fine sandy
lagm, very dark brown {10YR 2/2) erushing to very
dark grayish brown (10¥IL 3/2) moist; wenlk,
conrse, prismatic structure parting to wenl, medimmn.
subaugulnr blocky strueture; stightly hard, very
frinle; mildly alkabine: elear, smooth boundary.

C1—34 to 40 inchoes, pale-brown (I0YR 673} loamy fing sand,

AL2—G

dark gravish brown (AWOYR 4/72) woeist; single
grained; loose; mildly alkaline; clesr, swmooth
boundary.

C2—40 to 80 inches, pale-brown (10YR 6/3) fine spudy loam,
dark grayisi brown (10YR 4/2) moist; cominom,
fine, faint mettles of yellowish brown (10YR 5/G)
moist; single grained; soft, very Erinlle; mikdly
nllcnline,

The A horizon ranges from very dark gray to gray. It is
fine sandy lpanm or sandy logm. This horizon ranges from 10
to 0 iuches io thickness.

In pluces the tower part of the B lorizon is 103:113" flae
snn¢l. The combined thickness of the A and B horizons
ranges from 20 to 44 inehes, o

Tn places the C horizon is caleareous, and in places it iy

whinrac u edpttucuroneudlin-=d "uieabes
Embden soils nre similar to Heela, Maddock, and Swenodn
soils. They are less sandy than Iecla and Maddoek soilw




They differ from Swenndn soils in not having siliy material
in the C horizon at a depth of less than 40 inches,

Embden fine sandy loam, 0 te 2 percent slopes [EmA).—
This soil is nearly level. The ar ens arc irregular in shape
and range from 1f} to B0} aeres in size. This soil has the
profile described as representative for the series.

Included with this seil in mapping were arens of
Muoddock and Swenoda soils. Mnddock soils ave on the
crests of rises or very gentle undulations. Swenodn soils
are intermingled with Embden soils in some areas.

This Embden soil takes in_water readily, is casy to
worls, and has moderate or high available water capacity.

Many areas of this soil ave cultivated. The seil 1s well
swited to irrigation, but it blows easily. Controlling s0il
blowing is the main concern of management. Capability
unit IIIe—T Sandy. range site; windbreak group 1.

‘Fwibdeni fine sandyJoam; 2 to 6 percent slopes:{EmB).—
This seil is gently undulating. Slopes are shoct and con-
vex. Included in mapping wers areas of Maddoek soils,

Erosion and soil Howing are hazards on this Embden
soil. It has good tilth, takes in water readily, and has
moderate or high available water eapacity.

Many areas of this soil are enltivated. Controliing ero-
sion gnd soil blowing are the mnin concerns of manage-
ment. Capability unit IITe-8; Sandy range sife; wind-
breal group 1.

Embden-Buse complex, 2 to 9 percent slopes (EnCl.—
Embden soils moke up 60 percent of this complex, Buse
solls 20 percent, and other soils 20 percent. These seils
are gently undulating to undulating. The areas are ir-
regular in shape and ecommonly are less than 60 zeves in
size. 'mhden soils are in the lower parts of the land-
scape and are mostly gently undulating. Buse soils are
on the upper parts of the landsecape where the glacinl
il is not mantled with wind-deposiled sandy material.
Stones nnii cobblestones are on the surface of the Buse
soils in some areas, mainly on the tops of ridges and
lmnolls.

Included with these soils in mapping were small areas
of Maddoack soils intermingled with Embden soils. Also
included in some areas near the Buse soil is a seil that
has a surface layer and = subsoil of fire sandy loam,
underlain by loam or clay loam glacial til! at a depth of
about 20 inches.

Runofl is slow on the Embden soil but is medium on
the Buse soil. Erosion and soil blowing are hazards.

More than half of the areas are in native grass and
are used for hay and pasture. Smail grains, flax, alfalfa,
and tame grasses are the main crops in cultivated areas.
Controlling soil blowing and erosion are the main con-

eerns of management. Capability unit ITTe-8; Embden

solls are in Sandy range sitc and ~windbreak group 1;
Buse soils are in Thin Upland range site and windbreak
group 8.

Estelline Series

The Xistelline series consists of nearly level, well
drained, silty soils that formed in silty material over sand
and gravel. These soils are moderately deep over sand
and gravel. They arve on uplands.

In & representative profile the surface Iayer is dark-
gray silt Joum about 8 inches thick. The subsoil is silt
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Boll [eatures affecting—

Band and grovel

Unsuited, na
sand or gravel

Poor: seasopal
igh water tabie;
more than 15 per-

ceat fines In
plnees.
Unmiied: no

anief or gravel,

tielted: ne
sanik or grovel.

Poor to good balow
n denth of 30
Inehes dapending
on percentege of
fincs.

Unsulted:
er graval,

nosnml

Caoud to poor de-
ponding on fines.

Topscll Tortd resarvaolr Dikon, Invens, and Dralnogo Trripgation Trrrnees nod Orassed watprways
arens ather embankments diverdons

Poor.  pogrly Modsrately slow Falr slabillty and Poorly dralned; Sersonnl high Qepernily nat Qencrelly ool

drnlned. nermenbiilty; compaelion char- sensonst high water table; applicable. opplicable.
seazoppl high actoristics; me- water tnble; generally not
walter talile. it vonspressl- tiezerd of focd- npplicalie.
hility; moder- far.
ately sl per-
menbiiity.

Good e | Geasenol high water | Fabr to gond sta- Beasonal high water | Maderalely slow Genernlly not Gonerally not
tpble; rapicd ner- ity nnd vom- tabin 6t o depth whler intnko sppllcable. appicalie.
mesbifty In naction chinrpe- ol 3 ta b feot; role; jow to moed-
samd] sl rrnvel. Lerigtics; low 1o repltl permea- ottitn nvnilalis

medjum com- Wlity I sub- wetor capacity;
pressthllity; poor slratom. snntl atd gravel
Lo pood resistanca below o depth of
to niping. 28 to 30 inches.

Pomr:  sklty ¢loy; Very stow permen- | Falr to ror sta- Waler table holow Vory Slow inlokae Genorolly nab QOnnereléy nat

liitity; sensonni billty and enm- ndeptl: of 4 foot; ratc; moderpta appicalye. aprlicalile.

pootly dralned,

{cod to o depth of
I Inghies wiwrn
stopes aeo Irss
thon 1t pereent;
Talr whern slopea
urp i o 15 por-
cont.

Gaad; suljeet to
soll Ilowing.

Yoor: silty cloy
Linlow o dopth ot
4 Inghes.

high woter table.

Moderabe Rermen-
HHlity; shale be-
low o depth of
41 Inehes; hazard
af seepnge in
fraetoved shnle.

Muterately rapld
nennealtlity.

Rapid permenhllity
in subslinbiam,

Veory slow permen-
bty sersonol
hlgh woter tnble.

Raopid permeshility
In substratom;
high seopege.

paction chiarge-
teristles; high
compressibliity.

Beddad shale bolew
o depth ol 30 to
O Inclees.

Guaod stalilty;
fair to Eood com-
raollon chorne-
teristiva: slight
rompressihilty;
poor resistence to
plping.

Rapld parmenlill[Ly
whan compaeted;
poor to good re-
slstanco 10 pip-
fop of substra-
tum muterdel; folr
to gond stabllity.

Trir i poor sta-
Nillty and com-
pnclion ebaroe-
teristics; higt
connprossibilty,

Moderalo Lo high
permenbidity
when compoefed;
oot to goad re-
sistanen Lo piping
of subrstraktum
terial.

vory slow par-
moeldlity.

Maderate permen-
DILity; Dedded
shpda Ylow o
depth of 30 to G0
inches.

Moderstely rapid
pernesliilty.

Rapid permerhilliy
fn sand antd
grovel suly-
stratum,

Vary slow ponnen-
BiILY; spasanal
hgh weter tablo
ut o dopth of 4
in B feet.

Rapld pesmealillty
in substratum;
snnd and gravel
balew n doptit of
26 1o 46 knchea,

svailabin water
tapucity; seasannl
high waler tzble
below i denth of
4 feek,

Matemnto avalishlo
water capaeily;
alopes of 2 to 15
pereent; shale
Thelow o depth of
30 ta 60 Inehes.

Muderately ropid
wiler lalnko
rate; maoderabe
to high availubic
water copneity,

Apdrmtoly slow
woter Intnka rote,
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ahle woter capog-
ity; sand amd
graval below o
dapth of 30 Lo 40
inghea.

Vory slow pentica-
billlky; softs in
subsoll and sulb-
strating; generaliy
not applicablo.

Low tp meileente
svuiisbin water
capocily; muod«
cernto water Iit-
inko rato: sand
and gravel below
a dopth of X to 36
fnches,

Folr stobility;
bedded shola
below a depth of
di) ta 00 inches,

Buscaptihin to solf
LEpwing; mmdl-
erplely mapld
permenbility.

Underlain hy sand
amd gravei; rapid
permenbillly bie-
Yow n depth of 3o
Inghes.

Vary slow permiea-
blliLy; slopes of
jos3 then 2 per-
vont; goecrelly
net npplicable,

Tnpld pecmeabililty
below o doplh of
0 to 36 Inches;
sinnd ond gravel
aubatratozin Umbts
chanuel ciis.

FInzard of erosion
on slopes; mod-
erpto avnilaldo
water eppncity.

Aoderate ta high
svoiinhld water
capacity; hazard
of eroslon; saody.

Maoderale nvallahla
waler eapneily;
anlid and gravel
below o depth of
32 Inches.

Cloypnn sihsoll;
low io modernis
uvailable wnter
cnpacity; somo-
whnat poorly
dmingd.

Hazard of eroslon
whero sloping;
low Lo maderata
uvelloble waler
cnpacity; sand
end pravel below
ndepth ol 20 to
36 inches.



weak or modernte, medlum or coarse, prismaktic strueiure
that pnrts te strong, very line thremgh medium, biocky strue-

ture,
In places the C locizon is stratified with silt, fine sand,

and clay. Sepregated snits in fine uests and strintions in the
¢ torizon range from few threugh many. The solum ranges
from 18 to 34 inches in thicknoss

Harmouy soils nre mupped with or are near Aberdeen {mq
Beotln soils, They nre semewhnt simitar to Poever and Sinal
salls. Harmouoy soils contain Jess sodium and are betler
drained than Aberdeen soils. They lhave a more clayey B
horizon nnd are mot so well denined us Beotin soils. Dark-
eplorelt hworizons extend to u grenter deptl in Hnrmony soils
than in Peever soils. Fzrmony goils have a more distinct
cantrast in texture Letween the A and B horizons fhan Sinal
solla

Harmony-Aberdeen silty clay loams, 0 to 2 percent
slopes {HeAl.—Harmony soils make up about 60 percent
of this complex, Aberdeen soils 25 percent, and ather
soils 15 percent. These soils are nearly level. Areas nre
jrregular in shape. Aberdeen soils are in the lower,
fintter nreas.

Included with these soils in mapping were areas of
Bearden, Beotin, and Ixline soils. Bearden soiis are in
bands around small, low spots of Exline soils. Beofia
soils are on slight rises.

The Harmony soil has properties favorable to ecrop
growth, but permeability is slow in the dense subsoil
. of the Aberdeen soil. In wet years these moderately well
drained soils are slow to dry out, and farming operations
are delayed. If cultivated when wet, these soils lose thelr
tilth.

Nearly all arens of these soils ave cultivated. Maintain-
ing tilth is the main concern of management. The Har-
mony soil is suitable for irrigation, but the Aberdeen soil
is not. Capability unit IIs-1; Clayey range site; wind-
break group 4.

Hecla Seties:

The Hecla series consists of deep, rearly level to gently
undulating, moderately well drained sandy seils that
formed in eolian sands. These soils are on-uplands.

In o representative profile the surface layer is dark-
gray loamy fine sand about 27 inches thick. Below this is
a transitional Iayer of grayish-brown loamy fine sand
about 8 inches thick. The underlying material is light-
gray fine sund that has mottles of reddish yellow.

Fertility is medium in Hecla soils. Available water
capacity is low or moderate. Permeability is moderately
rapid or rapid in the upper part of the profile and rapid
in the underlying material. The water table seasonally
rises to depths between 4 and 10 feet. Soil blowing is a
severe hazard.

Many areas are cultivated. Other areas are in grass and
are used for hay and pasture.

Representative profile of Hecla loamy fine sand in &
cultivated nren of Heela-Hamar loamy fine sands, 0 to
3 percent slopes, 500 fest west and 150 feet south of the
northenst corner of see. 7, T. 128 N, R. 58 W.:

Ap—0 tg O inches, darle-gray (10TR 4/1) lanmy fBne send,
black {10YR 2/1) moist; very wenk, fine, pranniar
structure; soft, very Irinble; peotrnl; abrapi.
smooth boundary.

A12—0 to 27 inches, dark-gray (10¥R 4/1) leamy fine sand,
blagk {10YR 2/1) moist; very weal, mediom, anb-
angular bloeky strueture parting to very weak, fine,

granular strocture; seft, very frinble; npentral;

gradual, smooth boundary.

to 45 inches, gragish-brown (Q0YXR 5/2) louny fine

sund, very fdork gruyish brows (10YR 8/2) moist;

few, medinm, mint mgttles of yellowish hrown

(10YR 5/6) moist; very weak, course, suhnngular

blocky struekure; soft, very frinble; neutral; clear,

smooth houndary.

C—35 to G0 inches, light-gray (2.6Y 7/2) fine sand, grayish
brown {2.8Y 8/2) meist; common, fiue and medium,
distinct mottles of reddish yellow ([TOYXR  6/4)
moist; siugle griined; loose: nestral.

ACG—27

The A horizon iz very dark gray or dark gray. It is loamy
Fue sund or loamy snnd. Thickness of the A lorizon or coin-
bined A aml AD horizons ranges froem 10 o 40 inches.

The C horizsn has colors in hue of 10YR or 2.5Y. The 1
fworizon, to a depth of 40 inches, cvuuges from icany foe
sand to fine sand, In plices it is lonm, elay loam, or silt
loam below n depth of 40 inebes. Mottles Below o depth of
40 inches nre faint through promineut. Depkl to carbonntes
rititges from 24 tp more than 60 inches.

Hecln soils are mapped with Hamar and Venls soils and
gare nexr Embden, Muaddock, aud Ulen soils. They dare mnore
aonndy than ISmbden soils and better dralned thnn Hamar
and Venio sofls. ecln seils are not sa well draived ans
Maddoek soils, and they have a thiclter A horizon. They
are less ealenreous than Ulen soils,

s Het

yamy:fine sand 3P it slopes’ (HiAL—
arly level to very tly undulating seil has
mostly short, convex slopes. It has the profile described
as representative for the series. Included in mapping
were arens of Mamar soils in low apots.

Axvaillable water capacity is low or moderate, and this
Heela soil take§ in water easily. It is somewhat droughty,
however, and soil blowing is the main concern in manage-
ment of the many cultivated arens. Capability unit I'Ve-
9; Sands range site; windbreak group 2.

:Hecla-Hamar loamy fine sands, 0 to 3 percent slopes
(HhA}—Hecla soils make up aboit 65 percent of this com-
plex and Hamar soils about 35 percent. These soils are
nearly level to gently undulating. Hamar soils are in low
spots nbout 3 feet below undulations.

Included with these soils in mapping were areas of
Arveson, Maddock, and Ulen soils. Arveson and Ulen
soils are In some of the depressions. Maddock soils are
on the crests of some of the undulations.

Available water capacity is low or mederate on thesc
Hecla and Hamar soils. These soils take in water read-
ily. The water table flunctuntes in areas of this complex,
an]_jl it rises to a depth of less than 3 feet in the Hamar
soils.

About half of the areas of these soils wre cultivated.
Controlling soil blowing is the main concern of man-
agement, but wetness also is a concern during wef years.
Capability unit ITVe-9; Hecla soils are in Sends range
site; Hamar soils are in Subirrigated range site; both
soils are in windbreak group 2.

Hecla-Venlo complex, 0 to 6 percent slepes, eroded
{HvB2).—Hecla solls make up 60 percent of this complex,
Venlo soils 25 pevcent, and other soils 15 percent. Mary
convex-shaped undulations or dunes rise 8 to 8 feet
above the low ureas, many of which are sand blowouts
caused by past soil blowing. Hecla soils are on the dunes,
and Venlo soils are in the low areas.

Tncluded with this soill in mapping were aress of
Hamar soils in some of the low positions or depressions.

The available water capacity is low or moderate in
these Hecln and Venlo soils. These soils take in water

ere
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TABLE 6.~—Inlerpretations of

Dregreo and Kind of limitstion for— Sultabillty as
soureo gf—
Bal} sarfes ond mop
symbols
Septic-tank ob- Sewaga lapoons Shollew excnvalions Dwelliops with Sanitary lond flst Local roads ned Ttend MU
sorption Nelds bpsements stroaty
Forman: Fra, FrB, | Savers: mod- Silght whero stopes | Moderate whoro Maderate to sovere: | Modernte:  cloy Severor modemic | Poorn AASIO
FrC, FrD, F2C2, ernicly slow oro Joss than 2 slapes are loss wntdemta te kigh fonm. Lo high shenk- Qroup Index
FsE, Ft0, Fxii, peemeabitity 1n percant. than 15 pereentd. shrialeswell swolt potantial, mare thar B
Frlh. underlying mo- | Maolorte whern Severs whero zlopes pateniinl. AABHO Group modermnta lo Digh
Tar Anstod piard af 1erial, slopesare 2 Lo 6 nrd grealer ihai Indoy mors Lhon shrink-bwall
Frh, FrA, ¥rC, percenc, 15 pereent; cluy 8, potaontial.
ol Fri, soo Spvere whero slafies joam.
Anstnl saries; arn graaler Linn
for Buse part of G poreont.
FsC2, FsE,
and FtO, sen
Buse series; for
Tglnsstt porl of
Fx( and FxO,
see Polusetl
series.
Jreat Aend: GbB, | Moderata: med- | Modamtba whore Slight. ______ ... Blight te motlernto: | BUpht_ .. _...._ Sovore: AABHO Iaor: AABHO
GiA, GeB, GeC, efabo pormnen- slafes aro less iow to moderta Group Index Qroup Index
For Heolin parl of billty., ihan 0 parcent. shirink-swoll marm than §, maro Lion § high
G4, sea Beotin Bovere whetn slopes potentlal susenptibility to
series; far Zell are greator than & frust Leava.
part of Ged anil poercant: moderato
GeC, sen Zoll nerzenbility.
sorfes.
upar: Ha, Rd__..._ Bavere; high Severe:r hiph water | Savore:  high woter | Boeorn:  poorly Bovern: high water | Modamde Lo severm: | Falr to poar: somo-
wotor tnbie. able. toble sk o doplh drnined o som6- tolily; tdpid per- somowhal poorly what poarly
of 1 1o ] feot; what poarly menliflty.” drained to pooriy droined to pootly
peotly drained o drained. draiped. dreinsl.
soroewhat poorly
denlued,
mery_—...___..___.] Beeere: seosonel | Modembs 4o severe: | Mederate: moder- | Moderste Lo sevore: | Seveny:  scnsonal Modcente: mmader~ | Foir: modernta

Mopped only with
Preversalls,

irnony:
Fag Aterdesn

nart, seo A bee-
deck 5erics.

wloz HIAL HbA,
L
For Musnar part of
Hia, see Hamar
sarles; Inr Venla
part af HyB3,
sp0 Verdo serfes,

sen: HbE ..
For Buza port, sea
Husa series.

Lugh woter
tabile,

Molerate: mod-
wrile pertnen-
bility,

Stpht to modor-
ote: water
Lobly ot o depth
of 4 1o 10 foet,?

Burere: sleps;
shale below a
deplh ol 10 to
M frches,

ice foodnates nt end of tnkle,

seasonal blgh
water talilp nt o
tepth of $io4 feot,

Moderale:  moder-
aty permenbility.

Bavare: mpld per-
meahility.

Sevoro: sleop;
shnle botow o
depth ar 1010 20}
inchrea.

ately well dmoinsd
to sptmwhat
poorly dmined;
sensannl high
waler tale ntn
depthof 3 to ¢ foot,

Muaderote to savere:
maodermtely well
droined; slity cloy
ond silty clay
Iontn.

Hevere: snody ... 1

Sovere: aterpg
shale bejow o
dopth af 10 L1p 20
inches.

munle rute shirink-
swell palandnl;
mademnbe)y well
dmind to spine-
what poorly
drulaed

Mudernto Lo sovere;
madorate Lo igh
shrink-swelk
potentinl.

Maoderato:  myder-
ntely well

dmined.

Sovere:  slopes nre
groaler tharg 14
nereent;: slialp
balew o depth
of 1% Lo 20 Inches,

flph water talie,

MModerate Lo severa:
sty cloy Jenm
end siily ciny.

Bevern: mapid per-
menbiity.

Modoermts whero
slupes nro 16 46 25
noercend.

Sovere whers slopes
oo greater than
25 percent; op-
patle sholo belvw
adepthof {0 to 20
inchos.

1o Shrink-awoll
potentinl.

Muoderate bo savorm:
mixderato Lo high
shrinleswall
potentinl,

Sovere:

shrink-swell
polontial.

Falr i» poor: mad-
ersto to bigh
shrink-swall
potentint

Gootk__ ... . ____.

Tgor: shado belwwr
6 depth of 10 Lo 20
Inthes; limited
quantity of
wnierinl.
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Enltatility ag souree of—Continged

Sail featyres affecting—

* dont fines; nn-
- silted for pravel.

Unsuled: np
snml or pravel.

low; silty cluy
loam 1o o deopth
of § inchios, rilty
choy Lelow.

Poor: sandy. . ...

Taor: steep..... -

fine sand fn snb-
stmtun in places,

High r=epnge; tapld
reemeaillity.

Shesn; secpage
creesive in [me-
tured shale In
places.

Shole belaw o

charneteristics:
Inir ta poor rosist-
ouco i piplog;
medium to high
oo press bility.

Goonl staliility;
erndible; Miz to
good compactlan
chusracterintics;

poor resislanco Lo

pning.

depth of 101020
inches; subject o
slippoge; mited
quantity of
nnterinl.

Ttapld permes-
Lillty; woker
talzle st o dopth:
ol 4 to 10 feot.

Btepp; shnle below
ndepth of H) o 5}
inelies.

slow watar lutalo
take; salt Inyers o
substrotum In
minces.

Low ko modernto
nvnilnide water
capnelly; vory
mpid woler intnke
rate; suseeptibte
to sell Blowing.

Sholinw Lt shale;
generally not
applicnble.

Ipas {han 2 por-
cont; modemnto
permoealiiity,

Busceplible to soli
blowing: mpid
neaveability,

Stialo helnw
doplle of 10 to 20
inclies; sleap.

Samd nndk pravel T'apsol] Pond reservoir Dikes, lovecs, antd Draltnge Trrignilen “Termees and Gramed waterwiys
o nthor ambanikmenis diverolons
Unsuiled: nosond | Goad whereslopes | Modemte persnen- Faoir to gaod slo- Moderolely slow High avafinble Shert Irregulay Tigh avallable
ar gmved. rre less than % TiitbLy 10 sulsajl 1skliLy nnd eoni- permenbilily fe waler capaclty; slanes; moderntcly water capoeity:
mereent, and maderalely poetien chisme- suthalrotun., slow water ntake slow pordlcis hazard of eroston
Frir wliere slopes Klow In underiy- teristies; meditm rube; snlt Inyors Lility in mul- where sloplug:
nre Q1o 15 per- Ing aletinl. compresibility; it subssbraturm In stralilm. wall drabned.
oo, pood reslstanens to nlaces; hazard of
piping. crasion where
sloping.
Unsulled: nosaml j Qeod. . ___.__ Modomte porgen- ¥air to ppar Eto- Maderate permsa- Higl nvailabin Muoderole pennen- #Harard of orgsion
or gravel. hility. bllity and com- billty, water eapacily; Bility; slopes are whern sloplog;
paclion charpetes- modarnte water gencrally sbort migicrale permen-
istice; medinm to intalre rate: hoe - and iregolar, billty.
ligh comprassi- ard of erosion
Likity; poor to whoro sloping.
goad reslstance to
plptng. - .
™ Poor far sand: Foor: sandy....... Favoemble for dup- | Frirstalidlity; poor | High woler table; Hjgh water inble; Coneralby not ap- Generally uot op-
mura then 15 per- outs; hbgh water resistines to rapkd permea- low to modemntn plicabile. nlicnble.
ecnt Mnes; wn- tabie. piptog; erolkle; 31 1{5° avatlable watar
suited for provel. frlr to good com- copacity.
2 noetion ehomatar-
istles,
Unsutted: wosond { Goml to o dopth of | Modemic permes- Tolr Lo noor 5ta- Seasonal lWgh water | ITigh senilabie - Bliart loregolor lgh nendlatito
or grnvol. 8 inelies, folr be- Lility; sensonal hiliky and com- table ot u depth witer copnel Ly; slopes; hlgh lmo waler capacity;
low; lonm fo o higl water toble. pactien clipmoter- of 3 Lo 4 Fect. seasonel hlgh cantent; meder- hilgh lime eontont;
deqth of 8 inches, Isties; mmliam to water tnbile nt o ntely clow por- moderately well
elay o Lelow. higl compresst- dopthel3tn 4 meability (o sub- drzine:d to some-
hilley; poor to feet; Iigh lUme strnlim. what ponrly
gooid resistance to ennlent; mmlee- dralped.
nlping. atoly slow water
intoke rate,
Unsulted: nosand { Fairloadepth of 8§ Modemto permen- Folr te poor stability] Modernte pecoien- High avallable Falr Lo poor sin- Hiph avnilable
or gravel. inches, poor be- bility; lensas of nnil emnpaction hility, wiler capngity: Ulilty; slopres of water capoeity;

slopies of less Lhaa
2 pereent; modor-
erutoly ol
ddrainnd.

Buscaptible to sall
Howing; low tp
mudorate avail-
nlils water en-
puciky.

Hazard of cfoslon;
shelo bolaw o
depth of 1040 20
inehes.
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These soils nre easy bo work. Available water capacity
is moderate or high. The caleaveous Zell soil is low or
medium in fertility. Runoff is medium on soils of this
complex. The hazards of erosion and soil blowing are
high on the Zell scils.

Most. areas of these soils arc cultivated. Controlling
erosion nnd soil blowing are the main concerns of man-
agement. Capability unit Xle-1; Great Bend soils are in
Silty range site and windbreak group 3; Zell soils are in
Thin Upland range site and windbreak group 8.

Great Bend-Zell silt loams, 6 te 9 percent slopes
GeCl.—Great Bend seils muke up 70 percent of this com-
plex and Zell soils 3¢ percent. These soils are sloping and
undulnting. Areas are long and narrow. These soils are
on side slopes along Lroad drainagewnys. Great Bend
soils are in the mid and lower parts of the nreas. Zell
soils are on the tops of knolls and ridges. They have a
profile similar to the one described as representative for
the series, except in some cultivated areas their surfece
Inyer is thinner and has been mixed with the underlying
material by plowing.

Included with these soils in mapping were areas of
Beotia and Embden seils on foot slopes.

These soils are easy to worle. Available water capaeity
is moderate or high. The culezreous Zell soils ave low
or medium in fertility. Runoff is medium on soils of this
complex. Erosion and soil blowing are hazards.

Many areas of these soils are cultivated. Controlling
erosion and soil blowing is the main concern of manage-
ment. Capability unit TIle-1; Great Bend soils are in
Silty range site and windbreak group 8; Zell soils are in
Thin Upland range site and windbreak group 8.

‘Hamax ‘Series-

The Hamar series consists of deep, nearly level, poorly
drained or somewhat poorly drained, sandy soils that
formed in eolinn sand over glacial-lacustrine material.
These soils are in swales and depressions ofi uplands.

In a representative profile the surface layer is lonmy
fine sand about 23 inches thick, It is dark gray in the
upper part and grayish broyn in the lower part. The
underlying materinl is grayish-brown and light-gray fine
sand that has mettles of darlk yellowish brown and darlk
gray.

Fertility is medinm in Hamar soils. Avnilable water
eapacity is low or moderate. Permeability is moderntely
rapid or rapid in the surface layer and rapid in the
underlying materinl, A fluctuating water table is at a
depth of 1 to 3 feet and semsonally is near the surface
during wet years.

Many areas of these soils arve cultivated. Other areas
are in nntive grass and are used for hay or pasture.

Representafive profile of Hamar loamy fine sand in
native grass, 1,190 Feeb west and 285 fect north of the
southeast corner of see. G, T. 128 N, R. 58 W.:

All—0 to 10 incles, dark-geny (IOYR 4/1) loamy fne sund,
very tnel reny {10YR 3/1) moist: very weak, me-
dimn, sulmomitnr bloeky strocture poarting to weak,
flue, seanular structure; loose; very Criable; mildiy
alkaline; geadual, smooth honndary.

AT9—16 to 23 inehes. grayish-brown (10YR 5/2) loamy fine
sanll, very davk grayish brown (10YR 3/72) muoist;
many, fine, distinet mottes of yellowish  hrown
(10X 4743 meist: very weal, medium, subangulsr

blopky Stracture: logse, very frinble; mildly alliu-
lineg; gradual, wuvy boundary.

Clg—23 ta 25 inches, proyish-brown (25T 5/2) fioe sand,
dark grayish brown (25Y 4/2) moist; common, me-
dium, distinet mottles of yellowish brown (10YTR
4/4) moist; single prained; loose; mildly slkabine;
clear, smooth boundary.

C2r—38 {9 40 inches, light-gray (2.5Y 7/2) fine sand, gray-
ish brown {2&5Y 5/2) mgist; common, fine, diy-
tinet mottles of dark yellowish brown (I0YH 4/4)
molst; single grained; loose; mildly nlkaline;
clenr, smeoth boundary.

C3r—I0 to (0 incles, light-gray (2.5Y 7/2) fine sund, gray-
fsh brown {2.5Y 5/2) melst; mapy, medinm, prowmi-
nent mottles of dark yellowish brown (I0VIR 4/4)
and dark gray (BY 4/1) anwvist; slagle grained;
tonse ; slight effervescence; mildly alknline.

The A horlzan ranges from very dark groy to erayish
brown, It is logmy sand to Hoe sandy lonn. This horizen
mnnges from 12 to 24 incbes in thickness. Distinet or promi-
nent maotiles nre in the lower part of the A locizon, and
ther are throughout thie enlire horizon in ploess

In the € horizon mottles range from few through nany,
{filne through conrse, and fine through prominent. In ploces
lonmy or §ilty materinl is in the C horizon si a depth of
more thau 40 inches. Depth to liwe rapges {rowm 30 to G
inchies ar mare.

Hamar solls are negr Arveson, Heela, and [len solis
They uare more sandy, less calenreous, and not su poorly
drained us Arvespn seils. They have mottled eolors ab shnl-
lower depths and are more poorly droined than Heelo and
Ulen snils. They ure less calearsous than Tlen solls.

Hamar loamy fine sand (0 to 3 percent slopes) (Hal.—
This soil is nearly level. Areas are trregular in shape and
are mostly less than 40 ncres in sime. This soil has the
profile described as representative for the series.

Included with this soil in mapping were areas of
Arveson, Hecla, and Ulen soils. Arveson soilsare in depres-
sions. Heela and Ulen soils are on very gentle undulntions.

This Hamar soil blows easily if it is cnltivated. Avail-
able water capacity is low or maoderate. Runoff 15 very
slow or ponded. The water table is at a depth of 1 to 3
feet and iz near the surface in wet years.

Most areas of this soil are used for hny or pasture. A
few nreas are cultivated, but seeding in spring is delayed
in some yedars because of wetness. Wetness and control-
ling soil blowing are concerns of management. Cupability
unit IVw-2; Subirriguted range site; windbreak group 8.

Hamar fine sandy loam (0 .to 3 percent slopes). (Hd).-= .
This soil is nesvly level. Areas nre irregular in shape and
are mostly less than 40 acres in size. This soil has a pro-
file similar to the one deseribed as representative for the
series, except that the surfpee layer 15 fine sandy loam
in most aress and in places loamy or silty materinl is at
n depth of more than 40 inches.

Included with this soil in mapping were arens of

Embden and Ulen soils on convex undulations.
A water table rises to o depth of less than 3 feet early
in the growing season in this amar soil. Farming oper-
ations arc delayed in some years because of webness.
Avnilable water capacity is moderate. Runoff is slow,

Many areas of this soil are cultivated. Tha choice of
crops 1s aflfected in some years by wetness. Capability
unit I1Tw-3; Subirrigated range site; windbresk group 2.

Hamerly Series

The Hamerly series consists of deep, nearly level, mod-
erately well drnined or somewhat poorly drained, cal-
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TanLre 6.—Inierpreiations of

Dregien and knd of iimitstion for— Softabldiy ns
soufca o=
Soll serfes snd mapy ] — - _
symbaols
Aoplle-tank ob- Sowngao lngoans Shollaw exeaveilons Drwellings with Sanditory Innd [ils ¢ Local rosds and Rand il
sarpLion falds basemonta straals
Forman: FrA, Fr8, | Boverp: maogd- SitghL swwhera slapes | Moderate whars Moderato in saverer | Modorote: elny Sovorm:  miedernto Paor: AASHG
Fre, Frh, Feg3, erafely slow oo less thine 2 slopes arm bess modernto to high loanm. to high slirink- Oronp Index
FsE, FtD, FxC. permenbitity In froreont. thun L5 percent, shednk-swvell swoll pelentiad; mero Lan §;
FxD. anderlying mo- | Aloderato Whero Bavern where 5lapos nolenlicl. AABHO Granp modessta to bigh
Far Aastad port of torinl slapes prn 2 to G aro greater that Indax oo Lhan shrluk-myell
FraA, FrB, FrC, parcont. 1% percent; clny A poilential.
snd Frid, cen Howero wilwora slapes lonmi.
Anstad serips; ary grecter than
for Buse port of 4 norcent.
FsC2, FsE,
ntid FILD, Feo
Buso series; for
Palnsetl part of
FxC nbid FxD,
sea Polnzelt
serics.
Irent Bend: GbG, | Modernle: mod- | Medpmots wlere Slighet. .- [ voa| Slight to moderate: | Slght._ceeeoeeaod Buvere: AASHOQ Poor: AABHIOQ
GiiA, GeB, GeC. crate porhtes- slapes am less lgw Lo modemto Greup Index Oroup Index
Far Biealls part of bllty. than § percent. shrink-swell man then 8. ynors than 8; high
GoA, sen Heotin Severe where slapes patentinl. snseaplibility Lo
serins; foe Zell nro groater thoan 6 frost bieavao.
mart of GebB and porcont; todeamle
Gof, sep Zell nermpabiliby.
serdes.
grinrs HA, Hoz . Hovere:  high Bevore: high woter { Sovere: {dpgh water | Bevera:  poarly Bovers: Nigh waier | Modorate to sovero: | Falr lo poor: stmo-
water table, tablo, tnble ot a deplh dmined io spre- tahle; nipid por- somowlhot pootly wihint juiorly
of 1 tn 3 fook; wliat peorly meability,” dratned o poarly drolaed to ponrly
paetly drained to drained. drained. drained.
somewhat poocly
drained.
aned¥ e Severe: Ssensonal | Maderale fo severo: | Maoderade: moder- | Moderato do sovore: | Severo: sensonnt Muoderate: moder- | Falr: moderels
Mapped only with bigh woter sensanal high ntoly woll drained mademte shrink- high watcr table. uto shrink-swall shrink-swell
Pouver salls, Lebie, witer tablo ot o Ly spmowlhiat swall polontial; potantial. putontial.
deptiof 3 tn 4 fent. poorly drained; modemiely well
seasonal high dralsted to some-
avoler toblo ot o what poorly
dopth of 3 to4 feel. dinined
aimony: Heho.... Moderale: med- | Madorate: inoder- |} Modorntalosevere: | Modemle to severe: | Bpdernie i severe: | Modomts to sovere: | Falr in poors mod-
For Aberdecn ernle perinea- oie permenbillty. madeentely well modemie ta Bigh siity elny lanm moderals to high erate to high
part, teo Aber- ity drealned; silty cloy shoink-mvekl anrl silty eloy. shirinjswall shrink-swell
deen serfet. ond siity clay potentiol polential. potendiai.
lzam.
wha: HIA, HhA, | Blight to meder- | Savere: rmpld per- | Severe: spndy...___| Modersle: moder- § Severe: mpld per- | SHghboneoocveeoeo. o Qood. o e
wB2. ate: wnlor menbillty. ately well meahillty.
Faor Hnmnr park of Laliiu ot & depth drainad.
HiA, sen Tinamne of 4 to ID feet.2
rorles; for Venlo
pert of HyB2,
sen Venle series,
stem: KhE -| Bevere: steaps EBoverv: steen; Severe: sleop; Savere: slopesare Moderate where Soverp: steep____| Taor: sl below
Fer Nusa part, see shole helvw o shale below n shinle bolaw o greater then 15 slopes ure 15 Lo 25 o dopth of 10 to 20
Huse series. depth ol 10 Lo dopth ol 14 to 20 depth of 10 to 20 percant; shnle percent., {nches; Wnlted
Michey, fnelies. Inches. Lalow a depth Sawvein whoio slopcs quontity of
of 10 o 20 inehes.” ara gregler than materdol.

jee [notnotes ot end of Lable,

5 percenl: Tip-
pabtla shala below
n defith of 10 to 20
inclias.




T R R T

T B T T

MARSHALL COUNTY, S0UTH DAKOTA

engineering properiies of the soils—Confinued

93

Snitohilily nt spures of—Conilned

Soll fealuses oifecting—

ar gravol.

Tnsuited:
or praval,

nosmnil

... sngrm Binn 15 per-

eent Anes; wo-
snjted f 1.

. Suited far grave

Unsuied: no
sand or prave],

8 inches, fair hie-
lows; Ieat fo 0
ddopth of 8 inches,
elny loam brlosy.

Faicwoadepih of B
inches, poor be-
{oow; ity ciay
lonm Lo n depth
af B inghos, Sty
cloy belaw.

Pooe sondy. ...

Toor: steepeoaoo...

hility; scasonal
high woler tablo.

Wodersta penmen-
bility: lenises ol
line saml in sub-
stentum in places.

High seepoge; rppid
peanenbilily.

Slecp; seepopo
excegivg in fepe-
turril shole in
ploces.

Gility nnd com-
muclian eharacter-
istica; medlum to
liigh campressl-

Shals below o

Lility; poor Lo
good resisionco ko
piplng.

¥alr te pooc siobility
and campnttion
charpeberistics;
Tnir to poor roskst.
arnicoe Lo pipkog;
1medium to high
compresstbliiby,

Good slability:
crotilde; foly to
rond cempactlen
thnmetesisties;
peor rosiskance te

plolng.

dopth of 10 8o 20
inches: subject o
slipmage; Emited
quantity of
mnbarlal.

table ot o depth
ol 3 to i font.

Modemlbe prrmica-
bility.

Tapld permen-
Lility; wnter
tabla at o dopih
of 4 tor 10 font .

Bleop; shiolo Delow
adepth ol 30 La 20
inelios.

whler copneity;
seaspanl high
wnler inbiz nt n
dopth ol 3 e 4
fect; high lime
eoplant; moder-
atoly slow woter
intalie rale.

High nvailoblo
waler enpaeliy;
slow water Intake
mie; 51k dayers in
sulstrotum in
acas.

Low to modemin
avnilable woler
capueity; very
mpid woler intake
rata; nsceptibio

to =all hiowkng,

Bhallow Lo shale;
ponermlly not
spplicablc.

dlopes; high lime
content; moder-
ately slow por-
mrability in mb-

Srnd oned provel Taopsoil Fand reservaic Dikes, lovess, and Dralnege Trrigalion "Terrees and Qrosstil woltrways
ureas olher embanbanents diversions
Unsulted: nosond | OQopd where slapes | Modernin pennen- Fair to good sin- Modaralely siow High avaiiolile Ehorl Ircgular High nvalloble
or gravel. are Jors than 9 LTy in stlscil bility and com- nermenbility In wnler capacity; slopes; modernicly wenter capackly;
pereent. and moldertely paction charae- substratum. glaw water intake slow pennea- Tinzard of erusion
Folr where slapen Slow in undetly- {eristics; medlum rate; snll Inyors hility in sub- whemsloping;
nre 9 1o I per- Ing miaterinl, eompressibility ; in suhsiratam in strotiin, woll drined,
cent. rood Teslstance to rluces; hiozand of
niginge. ernslon whore
sloping.
Tnsbbet: nosnd | Good. ... AToderato permen- Fair te poor sle- Maoderotn perroon- Hiply avoliahln Mupdernle permca- Horard of crosion
or geavol. iy, billty and com- bilky. water capacity: Lility; slopws are whea sloping;
paction chanstor- moderate woler gonernliy short maidemlo perragsa-
Istics; medinm to intnkn ralo; hinn- amil Igepias, billty.
high eompross|- ard of erusfon
Lility; pour e wher sloping.
pood tosistunts ta "
piplng. .
Poor for sand: Toor: sandy. . ____ Foavoralle (or dug- | Foir stobility; poor | Digh water table; gl water Lalte; Gonernlly nol ap- Fenmmlly not ap-
mmaro thon 16 por- ands; hiigh water resistanmcs to mpid pereen- low to moternte mlicakle. pllcsble.
zont fines} un- table. piping; eradilds; I HTA availablo woter
sultedfor prnve), fnir te gootd eom- eapacity.
S pacHon ehameter-
intles,
Unsaited: nooond | Qood to o depli: of | Modemto perren- Falir to poor sto- Seasonal higls water | High avaeilebla Hhort kregolar Titgh availabloe

water capaciby;
high lime contens;
moderniely well
dmined Lo some-

strotbm,

Felr to poor sta-
Dbility; slopes of
leas than 2 por-
cont; moderote
permoeabifity,

Enseepllble ko soil
htoring eapid
perineability.

Staln holow n
doplh of 10 Lo 20
inches; steep,

whot poariy
dreained.

1igh availnbla
waler cnpacity;
sinpes af Jess than
2 pereent; modor-
omtaly well
dirnined.

Sirseoptibie Lo soR
Lilowlng; Inw Lo
mmierate avail
alilo waker ca-
poeity.

IMazard of orosions
shnls below a
deplh al 10te 2D
Inchies.
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Fertility is medivm or low in Maddock soils. Available
water capacity is low, und permeability is rapid. These
soils are highly susceptible to blowing.

A fow arens are cultivated. Most areas are in native
grass and are nsed for pasture.

Representative profile of Maddock loamy fine sand, 2
to 6 percent slopes, 790 feet west and 100 feet north of
the southeast corner of sec. 20, T. 128 N., R. 59 W.:

Al—f) te 12 inehes, dork-gray (10TR 4/1) lonmy foe sand,
Bloel (10¥1 2/1} moist; weak, fine und medium,
geanuiar  strocture; loose; neutral; clear,  wovy
boundary.

AC—12 to 15 inches, grayisk-brown (10YR 5/2) loamy fine
sand, very dark grayish bDrown (30YR 3/2) moist:
very wenk, flne, gramular strocture: loose; neutral;
clenr, smooth bomindary.

C—15 fo 60 inches, light brownish-gray (10VR 6/2} fine
sanid, dark grayish brown (I0YR 4/2) moist; single
grained ; loose; neutral.

The A horizon is very dark gray, dark pgray, or gray in
liue of 10YR. It iy lonmy fine sund, fine sardy leam, or snmdy
loam nnd ranges from 1 to 16 inches in thickness.

'].‘l_le Q hqrizun ranges from fine sanid to lonmy Gne snnd,
Buried horizons are common ot depths ranging from 30 to
60 inches.

Mndddoel soils are near Embden, Heels, and Serden soils
They are more sandy than Bmbden soils, Maddoek sofls have
n thioner A hoerizon and are Lotter drained than Hecln
su}ia They have a dnriter coloret A borizon than Serden
501i8,

Maddock loamy fine sand, 2 {0 6 percent slopes
{MaB).—This soil is gently undnlating, and slopes are short
and convex. It has the profile described as representative
for the series,

Included with this soil in mupping were areas of Bmb-
den, Hamar, and Serden soils. Bmbden and Serden soils
are intermingled with Maddock soils. Flamar soils are in
concave swales and depressions.

This soil is ensy to worl; but it is dronghty, and enlti-
vated arens are subject to soil blowing if nob adequately
protected. Available water capacity is low.

Many areas of this soil are in native grass, but n few
are cultivated. Controlling soil blowing is the main con-
eern of management. Capability unit TVe-9; Sands range
site; windbreak group T.

Maddock loamy fine sand, 6 {o 15 percent slopes
[MaD]—-This soil is undulating to rolling, and slopes are
short and convex. Tt has a profile similar to the one de-
scribed ms representative for the series, except that in
places the surface Inyer is either thicker or thinner be-
ceuse of soil blowing. Included in mapping were small
arens of Serden soils.

Available water capacity is low in this Maddock soil.
The soll is droughty, and it blows eusily when vegetakive
cover is absent. It tekes in water casily, and runoff is
slow.

This soil is in native grass and is used for grozing.
Controlling soll blowing 1s the main concern of manage-
ment. Capability unit VIe-7; Sands range site; wind-
break group 10,

Marsh (Mr) - is i flat, enclosed depressions that range
from 5 to 30 acres in size. Slopes are 0 to 1 percent. The
areas are wet and are periodically under water most

years. Jome of the more deeply entrenched areas have
open water in the cenfer most of the time. The smaller
areas dry out late in summer or in fall except in wet
yenrs. .

Most areas are too wet for pasture plants and have a
vegetation of rushes, cattails, and sedges. These areas are
better suited to wildlife habitat than to other uses. Capa-
bility unit VIZIIw-1; not placed in a range site or wind-
brenic group.

Oldham Series

The Oldham series consists of deep, level, poorly
drained, caleareous, silty soils that formed in alluvium
washed from adjaeent sloping soils. These soils are n
depressions on uplands.

In a representative profile the surface layer is derk-
gray silty clay loam about 9 inches thick. The subsoil
15 about 21 inches of dark-gray and gray silty elay loam
that has reddish-brown and olive mottles. It is hard
when dry and friable when moist. The underlying mate-
rinl is white and Iight-gray silt loam. Mottles are light
olive brown and yellowish brown.

Periility is medinm in Oldham soils. Available water
capacity is high, and permeability is slow. A water table
is at o depth-of 2 to 4 feet during part of the growing
5ensomn.

Some areas are cultivated, Other areas are in native
grass and are used for pasture or hay.

Representative profile of Oldham silty clay loam, 500
fect cast and 110 feet north of the southwest corner of
sec. 34, T, 126 N., R. 59 W.:

Ap—0 to 9 inches, dark-gray {(10¥YR 4/1) slty clay loam,
blick {I9YR 2/31) moist: weak, fice and mediom,
granular stroeture; sligphtly bavd, friable: slight
efervescence; mildly alkaline; abrupt, smookh
boundary.

B2—9% to 19 inches, dark-geay (10YR 4/1} silty eloy losm,
black (10YER 2/1) moist; common, fioe, fpint mot-
tles of reddish brown; vwexk, very conrse, prismatic
Blrueture parting $o weak, coarse, subanpular
blocky strueinre; slightly hared, Erinble; strong ef-
fervescence; moderately alkaline; elear, smoeoth
boundary.

B3g—39 fo 30 inches, gray (5Y 5/1) silty eclay loam, very
dark groy {H¥ 3/%) moist; common, fne and me-
divm, distinet mottles of olive (5Y 6/4) moist:
wank, coarse, sSubanguler bloeky strueture; hard,
Iriable; few fine nests of salis; strong efferves-
cenee ; moderately nlkaline; gradual, smoonkh hound-

ary.

Clgea—30 fo 41 inches, white (5Y 8/1) silt loam, pray (5Y
6/1) moist; comnmon, fine, distinct mottles of light
olive brown (25Y 5/6) moist; mnssive; hord, fri-
able; few finge nests of salts; strong effervescetce;
muoderately gikaline; elear, smooth boundary.

C2gen—41 to 00 inches, light-gray (5Y 7/1) silt lom:n, gray
{bY &/1) moist; many, fine nnd roedinm, distinet
mottles of yellewisl: browa (10¥R 5/8) melst; mas-
sive; hard, frinble; strong cffervescencr: maderafety
alkaline.

The A horizon, when moist, is Waek or very darle gray in
hae of 10¥R, 2.5Y, or 5Y. It ranges from 8 to 14 inches in
thickoess.

The B lhworizon is siity elsy leam or silty elay. Nests of
salts in the B3 and C horizons range from few through
many. They are mostly gypsam. Mottles in the B and C
horizons rapge from few through many and from Eaint
through prominent.
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Diggron and kind of Hmilaflon for— Buitability us
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Sull series and 100p
B?mbolﬁ Boptie-tnnk nb- Sewege Jognans Bhallmw exesvatians Dwellngs with Banliary Inndiillst Locol raads ond Road il
sorption Oelds Dosements slrocts
*Kranzhur: KnA, Seyere: moder- Stight whera slopes | Modernte: clay Moderalo to sovere: | Modrerale: cloy Hovere: modernte | Poor; AASHO
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Lomoure: La___._____{ Severa: seasonnl | Hovore: scosomal Sovern: subject Lo | Bevers: somowihmt | Severn: subfect o | Severs: subfeckio | Poor: moderute to
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drained Lo pasrly Ing: moderols Lo fmst heave,
dralned. bigh shiink-swell
potentiol.
Larson . cceiaemaail Hovera: slow 21723 T A Modermia: moder- | Moderate: moder- | Modernte: clay Modernte: maoder- | Fric: imedemie
Mappel anty with ParmenbEliy. niely wall ato shirink-swall lopsn in snbsell. ale shenk-gwell shrink-swell
Bwanadia solls. dratned. petentlal. poltenlisl polential,
Loamy nilnvlod lond;
Le.
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valid Interpre-
tntlan.
Tudden: Ly ... ____. Bovern: wvery Bevere: subject o | Bovere: pearty Bavere: poorly Soverp: gsubject o | Severs: paorly Paor: poorly
slow permen- fooding; high drnined; sulijeet drolned; high flaeiltng; Ligh dralned; sobient denined: dgh
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Parpell: Pa_ . ceeeas

rlapes nro less
than 2 peresnt.
Moderote whore
slopes are
groater than 9
pereent.?

Havere: show
rermeability;
sensonal hiph
water table.

Hewere: slaw
pecmeability;
sablect to
flaoding.

Hes footnotes at end of table.

povmeabillty.

Sovorn:  seaspnpd
high

water toble;
subject to

Aoodi e,

Bowere: sensonanl
hiph water fable;
subjret to
Noading.

Savpra: poorly
drpined; subject
to flonding;
stasanol high
swrotor Loble.

Savern: poorly
drafued; subjeel
to fleading;
sensanol high
wwater talds,

tinn O pereont.
Mnderats whero

sloges atn grenler

thon 0 piorcent.,

Severo:  poarky
drnined; subjoct
to Mooding;
moderate 1o higl:
shidalk-sweil
potenLial,

Hevern: pouorly
dralned; subject
to flooding; kigh
shrink-swoli
potential,

Severn:  paociy
hrnined; sobjeet
to {lootding.

Sovere: -poarly
drained; subject
to Noeding; high
shirinic-Sweell
potentlol.

tha & perecud.,
Kodernte whero

slopes aro 0 to 15

perennt.

Sovara: paorly
dralned; subject
to Naodine.,

Hovers: poorly
drained; subject
to flooding ; high
strinle-swall
poteniianl,

Poor; modernte io
Iigh shrini-gwell
polential; nioder-
nto to high
susceplihility 1o
frost heawe;
poerly drainet.

Poor: high shenk-
swell potentlal;
poorly drajaned.
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Suitntdllty as spurce of—Contlnged

Bodl features affecting—

Band ant} gruvel T'opsoil
Unsuited: to Qoado oo
sand or grovel,
Unmulicd: s Topr: peorly
sutil or grovel, dmined.
Unsuited: no Grad to n deplh of

sand gr pravel.

Unsultedt: no
saud or provel.

TPoor for sand:
more than 16
percent fines;
no gravet.

g™
T Sy

Unspiled: nn
sand argravel,

Unsuited: no
sand or grevel.

8 1neches, lair helopw;

clay ioam below a
depth of 8 Enchies.

I'onr: poarly
drained; clny.

Poor: sandy.......

Poor: prarly
dralned.

Poor: paotly
cieninel.

S o Trrigntion Termees and Grossed walowoy.
-l e ; ikseks
Maodamtely siow Fuolr to good slabli- | Moderatsly slaw Slow water intaka | Bmosth stopes; Huzard of ereslom;
permenbility in ity ond compac- permenbillty in rule; high nvall- eradible. lipts avaitable
substroiom; 1ow {ion chosoeteris. suistminm; lavel ohio water water capocity;
ECRPALE. tes; medinm tg i¢ sloping orens. eapaclty; erodihle nearly Javel o
high tompressi- on slopas. sloptng nreas; we
nility; grod dminetd.
mslstunep to
piping.

Bensonsl Ligls witer
tebic; sand ol
gravel oelow o
depti of 40 inches
in ploces,

Slow permenbdlity;
low =copogo.

Very slow permen-
hility; high
water Lable.

Rapid permpa-
Dility; high
s5eefinEe.

Beasonal high weler
{ahic; low
Sernogs; slow
permueability.

Aeasonal hiph waler
Lalz; low
seopage; slow
permenbillLy;
Tavarol:o far
dozouts,

Moderatn ta high
shrink-swnli
potontinl; poor
stability amd
compaeton
chnragterdstics;
medinm {o very
high compressi-
bility.

Falr to poor stabil-
ity and rompac-
tign choracleris
les; slight to
meadlum compress-
Tbllity; good to
ninor resisiance Lo
piping.

Falr tn poor
stobllity and
compnction
cheracterisiles:
hgh compressi-
ulkily.

Good stability;
Inir Lo good
cornpaclion
characterialies;
posr resistance to
niping.

Moderatn te high
shrink-swell
poentinl; gond {0
1Gr skakliity and
eompaoction
eharneteristics;
medicm to liigh
eompressiGHILY.

Fpir to poogy
stability and
campaocton
ehareeieristics;
gooud resistoncs to
pipkng; high
compressiblity,

Seasonipd higl: water
talyls ot o depth
ol 2 to & [vok;
sublent te Nood-
ing.

Blow permesbility:
nenrly level arens,

Vaory siow prermes-
ilkty; subject Lo
flonding.

Raopid permeo-
hillty; sondy.

Blow permeabilliy;
stnsanal high
waoicr Lakile;
sublest Lo
floadlog.

Blow permenldlity;
seasanal high
waier tnble;
wet areas lower
Lthan ovoilable
o klets.

Blaw water intake
rale; subjeet to
ficoillng; kigh
svailable water

Gonemliy not
nppiicabin,

eapoeily.

Hipgl availghle Sspes of Tess thon 2
waler ity; 1 t; slow
slow Intake mle; permenhility; splt
suscep bihle to salt in rubsiratiom
necumnlation. woif subsdl.

Yery slow [ntalke Qenersily not

raie; moderate
avoilobla water
capacity;
susecptible to
salt peeumulalion.

Low availoila
water copreity;
rapld woter
{ptake rmte.

Blow Intake rote;
nectds dralnnge;
suseeplitie Lo
aalt sccomulntion.

Bubject to ponding;
nenls dralnage.

oppifcable,

Bond y; rapid
permenbility;
biazard of 50i}
Wlawing.

Generally nol
spplleale.

Gonprally nat
appiicabio.

Genemily not
opplicatie

Blopes of less than
percent; Wigh
availoble waler
capneity; Smv
petmeskilty;
moderataly well
dralned.

Generally notb
anpplicohle.

ilazard of eroslan;
low avohabic
water copaelby:
sondy.

Cencrally not
oppileatic.

enoroliy 1ot
opplicalie.



b1l S0 SURVEY

Bearden soils are in the western part of the county, and
Vallers soils are in the central and eastern parts.

Fertility is medium or high in this Tonka soil. The
soil takes in water slowly, and water ponrds on the sur-
face, Wetness delays farming operations some years.

Many areas are cultivated. If adequately drained, this
soil is snited to most crops commonly grown in the
county. Other nreas are used for hay or pasture. Wetness
is the main concern of management. Cupability unit ITiw-
1, drained, I'Vw-1, undrained; Closed Depression range
site; windbreak group 10.

Ulen Beries

The Ulen series consists of deep, nearly level, med-
erntely well drained or somewhat poorly drained, cal-
careous, louny soils that formed in sandy glacial-lacus-
trine material. In places the sondy mnaterial has been
reworked and redeposited by wind. These soils are on
uplands.

In o representative profile the surface layer is dark-

ay fine sandy lonm nhout 10 inches thick. Below this
18 a transitional layer of gray fine sandy lonm about 7
inches thick, The underlying material is light brownish-
gray fine sandy lonm to a depth of 24 inches and light-
gray and light olive-gray losmy fine sand below,

Fertility 15 medium or low in Ulen soils. Available
water capacity is low, and permeability is rapid. The
water table fluctuntes between depths of 8 and 10 feel.
Soil blowing is a hazard.

Most aress are cultivated. A few areas nre in nafive
grass and are used for hay or pasture.

Representative profile of Ulen fine sandy lomm, 1,550
feet west and 100 feet south of the northeast corner of
sec. 25, T. 128 N., R. 59 W.:

Ap—0 to 10 inches, dnrk-gray (I0YR 4/1) fine sandy loam,
Llaek (10YR 2/1) moist; moderste, fine, granulnr
structure : soEt, very friable; slighl; elfervescence ;
mildly allknline; abrupt, smonth boundnry.

ACen—10 to 17 inchos, prey {(10YRR 8/1) fine sandy locm,

dark gray {10XR 4/1) moist; wenk, coparse and
mediun, sebangular biocky structure; siightly hard,

is fine sand In places. Nesis of salts are nt n deptlhi of more
than 24 jnches in places.

Ulen soils are near Arveson, Bearden, Hamar, und Hecla
snils sud ore mapped with Stirum soils. They centain more
snnd and hove mottled colors at creater depths than the more
poorly drained Arveson spils, Ulen s6ils are more sondy and
less exleareous than Bearden soils. They are maore calegreous
ant hnve mottled ecolors ab grexter depths than the more
poorly drained Hamar soils. Uler goils have a thinner A
horizon and are more calearecus than Heelp soils. They are
more snndy und inek tie sedium-affected B hogsizon of the
SBilrum soiis. :

Tlen fine sandy loam’ (0°to"2 percent:slopes). [Wh:—
This soil is neaxly level. Areas are irregular in shape and
are mostly less than 60 acres in size. This soil has the
profile described ns representutive for the series. In a
few arens the underlying material below a depth of 40
inches is silty or clayey. Alse, the surfuce layer is thin-
ner in spots where soll blowing has removed part of it.

Included with this soil in mapping were areas of Arve-
san, Hamar, and Hecla soils, Arveson and Hamar soils
are in slight depressions. Slopes of Heeln soils are gently
undniating and convex.

Fortility is medium or low in this Ulen spil. The con-
tent of lime is high. Avnilable water capacity is low,
but a water table that fluctusies at depths belween § and
10 feet provides moisture for deep-rooted plants. This
soll is subject to blowing if cultivated.

Most aress are cultivated. Small grains, corn, flax,
alfalfa, and tame grasses arc the mein crops. Control-
Iing soil blowing is the main concern of mansgement.
Capability unit ITTe-14; Sondy range site; windbreak
group 2.

Ulen-Stirum fine sandy loams (0 te 2 percent slopes)
{Us)—TTlen soils make up 70 percent of this complex and
Stiram soils 30 percent. Ulen soils nre on slight rises,
and Stirum soils are in low areas.

Included with these soils in mapping were arcas of
Arveson and Embden soils. Arveson soils are in some of
the low areas. Embden soils are on some of the rises.

Trertility is medium to low in these Ulen and Stirum
soils. The content of lime is high. The soils are highly
susceptible to soil blowing if cultivaied. In addition, the

very {riable; strong effervescence ;. modersiely alka-

Tk = b elesa b e b e oy —

Clen—17 to 2.41. inclhies, light browailsh-pray (2.5Y 6/2) fne
sandy leam, darle grayksh brown {2.5Y 4/2) moist;
massive ; slightly bard, very friable; strong efferves-
conee ; moderately allinline; gradoal, wavy boundary.

(O2en—24 to 38 inches, tight-gray {(2.5Y 7/2) loamy fne saad,
grayish-brown (2.85Y H/2) moist; common, medium,
Taint mottles of reddish yellow (TOYR G/6) moist;
maagive; soff, wvery frisble; strong elferveseence;
modierntely slknline; clear, smooth boundary.

C3g—38 to 54 inches, Hebhb-gray (BY 7/2) loxmy &ine sand,
light olive gony (5Y G6/2)} mioist; common, medivm,
distinct motiles of rwddish brown (BYR 4/4] and
reddish: yellow (5YR 6/06) melst; massive; soft, very
frinble; slight elfervesecnce; milidly nlikalise; elear,
smpoth boundary.

Cdg—84 to GO inechey, light olive-geay (BY 6/2) lonmy fine
snnd, olive {65Y 5/3) moist; many, coarse, prominent
mpttles of reddish brown {(JXR 4/4) and dark red-
dish brown (8XER 8/4) moist; mmssive; soff, very
frintle; slight effervescenes ; mildly gilinline.

The A harizen is Wlack or very dark fray when molst
Texture is fine sundy fetm or lpam. This horizoa ranges from
8 fto 16 inches in thickness, The ACer horizon is grany or
light brownish pmy in hue of 10YR or 2.5Y.

The § horizon commonly averages lonmy fine sand, lnt it
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allealing Thethe snbeos and have poor Lith if eultivated.

Many arens anrve cnltivated. Barley, rye, flax, alfalfa,
and tame grasses are the main crops. Controlling soil
blowing is the main concern of management, but wetness
and improving fertility and tilth are also important.
Capability unit II{e-14; Ulen soils are in Sandy range
site and windbreak group 2; Stirum soils are in Sub-
irrigated range site and windbreak group 9.

Vallers Series

The Vallers:series consists of deep, level, poorly
drained, calcareous loamy soils that formed in glacial till
or in local alluvium washed from adjacent soils. These
soils are in low areas adjacent to depressions on uplands.

In a representative profile the surface layer is darlk-
gray loam about 8 inches thick. The underlying materinl
is light-gray clay loam that is noticeably higher in lime
content 1n the upper part. It is mottled in various colors,

Fertility is medium in Vellers soils. Available water

Stirum soils ere wet during part of the growing season
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TABLE 6.—Interprelations of

Degrea and kipd of Bmitotlen for—— Buitabllity ss
sauren of—
Bail series and map
symbols
Haptle-tank ab- ewago lngoons Bholow excavations Dwellings with Beritnry lond fHls? Laoes! rouds and Boad @i
sarption fnlds basomants streats
Blnel: SkA, SkB, Sovure: slow Blight whexo slapes | Sovere: sty clay...| Sovars: hlgh Bovers: =ity dloy__.) Sovere: hkigh Poor: Nigh shrink-
5k, permanbillty. ara loss thon 2 shelnk-swel} shrlnk-mvall swdll polentinl.
percant, potontial. notentiak
Bipderota whare
glopes a2 to 0
pervant.
Hovoro whern flapes
nro ( to D poercant.
*Boux: SmE__._.__.. Sovern: zlopes Bovore: rophd par- | Bovers: very . Eovera: slopes are | Bovere: ropid por- | Boverm: dlopes are | Falr whers slopes
Faor Arviiln port, am prealor thon meabllity. glallaw to gravel, greater than 16 meabllity. greatar than 36 arn 15 Lo 25 per-
geo Arville serles. 16 percank.? percent. parcent, eant.

Poor whara slopss
wiw 25 to 48 pur-
cont.

*SHirtem: Steceeeeeea- Bovere: high Bavare: Blgh water | Sovare: poegrly Howare: pontly Bovere: pootiy Bovero:  poordy Pour: pomiy
Far Ulen part, sea water tabla. toble. draineit; Hgh drnined. dralnod; subjoct dralnml, Ueninei; muilarnia
Ulen sotios. whater tnblo to feoodipg, ta ek tuseepbi-
bllity to frest
hetes.
*Brenodn: SwA, Bight to meder- | Mederals: meder. | Blight . .. ___._..| Blight to moderste: ‘| stight._.__________..| Modecote: Fnlr: AASHO
Swh, SxA. nla: modarate nto pormaability low io modemtn ) AAABO Groap Gronp Index af
Far Larsoy part of |  permesbility In o substmtom, shrink-swoll po- Tidex of4to 8 in 4ito 8 insmb-
SxA, seo Liar- sabatintioe, tentink; wall sethatrytim. stratum,
500 Sorfen, drzined o mod-
vrately well
drmined,
Tonkn: T0amaceeaoaos | Bovero: Elaw pers | Blight If water s Havero: paotly Bavere: paorly Bavera: pooriy Bovero: pooily Poor: poorly
meabllity; sub- Likely to onter dmined; sabjoct dinined; moderate ] dralped. dmined; wnodernte | dralned; moderato
Jeot to ponding. Ingnan. . to pondiog. to high shrink- to bigh shrlnk- to high absink-
swell patsntisl, swoll potentinl. swall patentind;
high suseaptiblt-
ity to frost hanve.
&SH&.‘%M__‘ Bovere: Scasannt | Spware: ropid Bovern: sensonnl Modernta to savore: [ Severn: sensonal Moderate: moder | Fair: moderately
. For Btrum park of high water pecneability. high water tatlo; maderalcly well high water taire. oiely well deninod | woll dratoed Lo
Us, see Blirom [EAD leamy fino sand druined Lo sotme- to somewhnt semewhat poorly
sor{os. below o depih of whnt poorly noory dinined; drained; modsr-
24 tnches. draiped, modornte suscep- oto suscoptibility
tinility 1o frost to [rost huswe.
banve.

See foetnotes nt end of ¢able,
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el teptures nffecting—

to pipieg,

cabla,

lavees, mlnngs Irrigation Terraces ol
Bong end grovel TopscH Pulmz1 rr:sﬂ:rvnlr nlti:[:rci'm fracs aul:&.s ha; £ i ¥ T r;i'snm Gmssed waterways
Uasniled: nobond [ Poor:  cloyoy..... .| Low seapoge; slow | Folr le poor stobll- | Slow permesbility; | Very slow watker Ine | Cloyoy; stow per- Clagoy; medernte
oT ETRFC. peemeabilily. ity ond com- clnyoy- talce rato; moder- menhility; nearly ta high nyakiable
paction champe- als Lo high avoll- lova! to sloping wrier capacity.
terisiles; blgh abla woler copae- nreas, well denfoed.
shrial-swoll po- Ity.
{ontinl; high
compressiblity.
Qood to poer: 0ip | Poor: sand and High seapoge; rmpid | Goed stability; Rapld permeniil- Low nyaflebie wa- | Vory shallow to Very shallow 1o
25 pereent fings. Erawel ot o dapth permeabillty; Intr Lo poor rastst- Ity slopes arn tar capneity; rravel; mpld gravel; oy
ol 7 to 14 Inches. sond and gravel ance o plpiog. greater LHod 15 shallow rooting permestlity, avnlinble ssaler
cabslminm ot o percont. zone; sluplog to copnelty,
depth of 7 to 14 vory stedpy orens;
inches. pencrnlly not
applieablo.
Poor for snnd: Poor: poorly High waler toble; Pagr resistanca to Moderately slow Low te modernto Qeateratly ngt Cooernlly not
more then 36 pars drained. maofternisly rapid plptng- pemmeshllity in avollsblp wotor spplicoblo, applcahla.
cant fnes; high permenbifity In mbsoll, mpder- copaelty: pootly
watar tnbis; Do snbsirntum, otely rapid per- drminpd; high wa-
grovel. mephility ln tar tablo; subject
enbatrotimm; high to snlt geenmdle-.
witer tablo; clay- | , ton In salsall
- pan suhsoll. » 6nd sobstratam:
genaroliy ook
spplicable.
Unsnited: noswnd | Gavd. .o __. vemo| Boderately raplid Faolir to poor stabil- | Modestely mpid ‘Higk ovoflnblo wo- | Busceptiblo to soll Hieh pvallablo wo-
o gravel. permenbility in 1fy; rair to poor rourmeabliity in ter capaeliy; sus- blowing; moder- ter mpnclty; sis-
nnper 29 {nches; shanr strength, wpper 22 inches, coplible to il otaly ropld per- cepliblo 1o sl
moederato balaw. moderato pepnes- | blowing; modor- meabillcy; in blowing.
Lillty below; ately slow woler Upper 29 Inclins;
neatly 1avel 1o Intoio roke. mmdsmta
gontly sloping permenbllity in
nrnps. substratam.
Unsulted: nosand | Poars pootly Hlow mermenbliity; | Fair to poor slabil- | Slow peoponbllity Bobject Lo ponding; | Generzlly not CGrnernlly not
oT grivel. dralned. suhject to pond- ity ond ecompae- subject 1o pond- very slow lotake apglicahin. appiicbie.
iog;: high wote- tien characteris- iog; wot arcas rata; high aveil-
tablc, tics; medivm 10 Tower then awvnil- able water capue.
hlgh comprossl- nhlo nytists, ity; poorly
hility. drained; ganamlly
nok aypileoblo.
Mﬁf sand: Tgor: sensoonl Bensonal high water | Oood stabllify; inpld permaeghil- Very rapid intako Gonemily not (anerally not
i Mﬁm thon 15 per- high water table. inivo; rapid per- Iulr Lo good com- ity; sensonal high mito; ssazonat kigh spplicahle, oppiicable.
s=dEny Ines; No meabillty. pactlon sharae- water lable; waker table; low
o - ErfFRL teristies; Jow sonidy subsln- availnhlo eotar
. eompressiuiligy:; b, enpeeity; gennr-
poor resistanca ally not appil-
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saw the Coteau des Prairies in 1835, described it thus:

latitude, The next seven digits denote degrees,
minutes, and seconds of fongitude. The fast two digits
are sequential numbers for wells within a 1-second
gred. The system provides the geographic location of
the well and a unique number for gach well.

GEOGRAPHY
Location and Size

Marshall County occupies 888 square miles {2,300
km?) in northeastern South Dakota (fig. 1). The
population in 1960 was 6,663, and in 1970 was
5,965. The eight towns in the County had a total
population of 2,718 in 1960 and 2,296 in 1970;
ghout one-half of the town population lived in
Britton, the County seat. Three state highways {10,
23, and 25) and three railroads ({the Chicago,
Milwaukee, St. Paul and Pacific, the Burlington
Northern, and the Soo Lines) cross the County.

Physiography and Topography

Marshail County is in the western lake section of
the Central tLowland physiographic province
{(Fenneman, 1931). The County is in the following
physiographic divisions: James River lowland, Lake
Dakota plain {part of the Jameas River lowland},
Coteau des Prairies, and Minnesota River-Red River
lowland {figs. T and 3),

In Marshall County the James River lowland,
except for the Lake ODzkotw plain, 5 a
westward-sloping terraced moraihe between the Lake
plain and the coteau. Near the end of the lee Age the
terraced moraine deposits were dissected by the large
runaff from melting stagnant ice on the coteau. The
melt water was carried by many streams which cut
deep valleys and ravines locally called couless.

The Lake Dakota plain is characterized by a very
fiat surface; local relief is rarely more than 10 feet (3
m}. Tihe Lake plain is part of the James River lowland
but differs from it in that it is the floor of an ancient
lake. South of the recessional moraine {shown as
Jarmnes River jowiand in T, 128 N, R. 59 W, and T.
127 N,, R. 68 W,, n fig. 3}, that divides the Lake
Dakota plain, the surface is very flat; however, narth
of the recessional moraine the {ake plain is
interrupted by isofated patches of recessianal
maoraing, the highest of which, located 6 miles [10
km) north of Britton, is about 66 feet {20 m) above
the ffat plain.

In the northwestern part of the Caunty the lake
floor is covered with windblown sand, which forms a
hummacky dune topography.

The Coteau des Prairies is a high plateau of rugged
morainal topography, Catlin {1840, p. 144-145) who

“This wonderful anomaiy in nature, which s
several hundred miles in length, and varying from
fifty o an hundred in width, 15 undoubtediy the
nobltest mound of its kind in the world: it gradually
and gracefully rises an each sida, by swell after swell,
without tree, or bush, or rocks, . . . and is everywhere
covered with green grass, affording the travelle, from
its highest elevations, the maost unbounged and
sublime views of - nothing at al!, - save the tlue and
boundiess ocean of prairies that lie beneath and afi
araund him, vanishing into azure in the distance,
without a spack ar spot to brealc their softness .

This description is still true today although farm
buildings and trees are alsoe part of the picture in
many areas of the coteau.

The coteau is a flatiron-shaped plateau that slopes
gently westward and, near the peint or nose ar the
MNorth Dakpta State line, slopes gently narthward (fig.
4}. The Des Moines lobe of the continental glacier
advanced southwest in this area and deposited much
drift on the eastern side of the coteau. The ma:n
force of thHe James lobe (on the west side of the
coteau), however, was to the southwest, into a
broadening valley; therefore, thare was less pning of
ice onta the western side of the coteau and thus less
deposition of drift.

The coteau escarpments differ 1n stope and height.
The eastern escarpment rises about 300 feet pe:r mie
{57 m/km), from ap altitude of 1,400 to 1,750 feet
{426 10 533 m) and the less prominent western
escarpment rises abowt 200 feet per mile {38 m/km)
Both slopes are cut by many valieys; the wider and
deeper valleys are in the eastern siope.

The topography of the coteau was formea by the
rock debris deposited framn the melting of stagnant
glacial ice. This produced high reiief, numergus
undrained depressions called sloughs ot prame
potholes, and, in general, a hummocky topography.
The highest point in the County s Pleasant Peal,
which as an altitude of 2,080 feet {634 m) and «
lacated insec. 8, T. 127 N., R. 85 W .

The Minnesota River-Red River lowland 15 3
generally flat, east-sioping ground moraine that
contains isolated patches of recessional moraine The
fowest point in the County, at an altitude of 1.794
fest (364 m), is where Shortfoot Creels enters North
Dakata.

Drainage
Marshall County ts in three main drainage basins,

as shown in figure 5: the Missouri River basin covers
ahout 630 square miles {1,632 km* ), the Red Rwes



m). Above narmal or near normal precipitation
continued to 1952 and produced comparable changes
af take ievel. The highest level of Buffale Lake on
record occurred in 1952 when the kake depth reached
about 17 feet {5.2 m). From 1952 through 1261,
below normal precipitation resulied in a decline of
lake depth of 7% feet (2.3 m). Fram 1962 to 1967
above normal precipitation caused an Increase in lake
depth of 5% feet (1.7 m}. Near normal precipitatian
from 1967 to 1972 has maintained lake-depth
changes Wwithin a seasonal range of 2 feet (0.6 m).

Lake-level changes in Clear Lake are similar to
those in Buffalo Lakes in their response to
precipitation (fig. 18). Clear Lake was dry in the fall
of 1935 excepi for a few moist spots {Rothrock and
Uflery, 1938, p. G}, It became nearly dry again in the
fall of 1940 (Caddes, 1947, p. 8). The highest lake
level oceurred in 1952 when the lake depth réached
about 18 feet (5.5 m).

Lake-level changes in Ray lake follow the same
major trends as in Buffalo and Clear Lakes. Roy Lake
was dry during the drought in 1894;in 1910 it was a
grassy slough (Rothrock and Lllery, 1838, p. B). In
the fall of 1939 the lake again nearly became dry.
The highest lake level on record occurred in 1947
when the lzke depth reached 21 feet (6 m).

Short-term lake-level changes in Roy Lake differ
fram those in Buffaio and Clear Lakes {fig. 18). in
the spring of 1937 lake levels in Buffalo and Clear
Lakes rose 4% feet {1.4 m), whereas Roy Lake did
not rise until the fall and then onty by 1 foor (.3 m).
In 1941 Buffalo and Clear Lakes again rose, whereas
Roy Lake did nat rise until 1942. A possible reason
for the lag in water-leve] change of Boy Lake
compared to that of Buffalo and Clear Lakes is that
the hydraulic cannection between Roy lLake and the
outwash deposits discharging ground water to the
lake has lower transmissivity than at the other lakes.
Therefore ground-water moves to the lake at a stawer
rate than it moves to the other lakes foilowing
periods of above normat precipitation. Water in
Buffale and Clear Lakes is slmost surrounded by and
is hydraulically connected 1o grourd]l water in the
outwash; thus precipitation that recharges the ground
water in the outwash can move quickly to these ialkas,

Field analyses, consisting of specific eonductance,
dissolved oxygen, pH, and temperature, were made of
water samples from 37 lakes and ponds {table 5).
Laboratory analyses were made of samples collected
from Buffalo, Clear, Roy, and Ninemile Lakes. A jake
study by Petri and Larson {undated) included
peciodic analysis of samples from Buffalo, North Hed
lron, Roy, Clear, Pivas, and Fort Lakes.

Specific conductance measurements from 42 lakes
and ponds ranged from 460 at North Red (ron Lake

to 20,000 pmhosfem at East Stink Lake. Specific
canductance in 7 lakes or ponds exceeded 2,000 i 8
lakes or ponds ranged from 1,000 ta 2,000, and in 27
lzlkes or ponds was tess than 1,000, Petri and Larson
repoited that when the dissolved-solids concentration
in lake waters was less than about 700 mgf,
magnesium, calcium, and bicarbonate predaminated;
but if it was mare than 700 mg/l, magnesium,
calcium, and sulfate predominated, An estimate of
the dissolved-solids concentration in the lakes or
ponds c¢an be made hy muitiplying specific
conductance by 0.7.

Water from Buffaio and Rovy Lakes was anaiyzed in
1964, 1965, and 1970 as was water fram Clear Lakes
in 1961, 1962, 1963, and 1970. Nane of the fakes
showed any appreciabie change in water quality.
Lakes that discharge water through an outlet each
spring, such as these, have a tendency to flush the
mineral constituents from the iake. Lakes such as
East Stink Lake that do not discharge water except
by evaporation and by ground-water seepage tend to
increase in disselved-solids concentration.

Ground Water Quantity and Quality
Aguifers in the Glacial Drift

All major aquifers in the unconsolidated materials
that overlie the hedrock are deposits of glacial
outwash and alluvium. These deposits, composed
mostly of sand and gravel, comprise six major
aquifers, here named the .James, Vebien,
Coteau-akes, Marday, Eden, and Roslyn aquifers,
The areal, topagraphic, and stratigraphic relations of
these aquifers, and of some other water-bearing
deposits of very limited or local extent, are shawn in
the sections of figure 19.

Tili is not discussed as a major source of waier
because it has low permezbility and in general will
not yield large amounts of water. Where small sand
lenses occur in the til vields of T 1o 5 gpm (0.06 to
0.3 I/s) of generally poor-quality water can be
obtained.

b

James Aguifer

The James aguifer ([fig. 20}, in north-central
Marshall County, has narrow channeis that extend
southwest into Brown County and sautheast into Day
County. The aquifer underlies about 220 square miles
{570 km?) in Marshall County and extends into
North Dakota. The aquifer, composed mainly of
buried outwash deposits and of alluvium from an
ancient river, consists of sorted and stratified gravel,
sand, and silt, The parrow channets that extend
through central and southern WMarshall County
contain sand and grave} deposited by a preglacial river
that had flowed north to Hudson's Bay. Water in the

3




Table & - continued.

(1) (2}

Unnamed Lalke or Pond

125-53.5CCC

June 30, 1967 1,400

Sepiember 25, 19689 1,770
125-55-GA

June 30, 1967 1,225

September 25, 1969 1,500
125.568-25A

June 30, 1967 1,350

September 25, 1969 2,000
126-56-3B

June 30, 1967 890
127.54.3

June 3G, 18G7 730
127-64-160

June 30, 1967 720

£3) 4) (5}
8.4 10.2 12.56
8.6 11.1 5.5
8.7 12 16.0

19.0
24.0
23.5

aquifer occurs under artesian conditions and water
{evels range from 2 to 111 feet {1 to 34 m} below
land surface.

The James aquifer contained about 1% million
acre-feet [2 billion m>) of water in storage in 1971.
Water in storage was estimated by using an average
saturated thickness of B0 feet {15 m} and an
estimated porosity of 20 percent.

Yields of 50D gpm (32 Is) or more can he
expected from properly constructed wells at locations
where more than 40 feet {12 m! of medium or
goarser sand occurs.

Thickness and distribution of the deposits that
farm the aguifer are shown in figures 19 and 20. The
thickest part of the aguifer is in the narrow channel
extending southeastward intae Day County, The
greatest known thickness of sand and gravel, 129 feet
{39 m), was found at test hole 12BNEBW31CCCD.

In general, the James aquifer ocours at altitudes of
1,250 to 1,050 feet (381 to 320 m). In low-lying
areas, the aquifer {5 at depths ranging from 100 to
190 feei {30 to 58 m) below land surface; at higher
altitudes, on the coteau, it is 580 feet {177 m) or
morea below land surface.

Test-hole data indicate that permeable
sedimentary deposits overfie the James aguifer in Hs.
BB and 59 W. Such cover varies from very permeable,

well-sarted beds of very fine to coarse sand, 1o

interbedded sand and clay layers, to sandy or very

sandy or silty clay. Where the sand extends clgse 1o
land surface, the water is under waier-iable
conditions.

At least 50 wells tap the James aguifer on the 1ake
piain where it is shatlowest. Where it is deeply buried,
as beneath the coteau, no wells have been Finished n
it.

Recharge to the James aquifer is by subsurface
flow from Brown County and possibly Day County
and by percalation of rainfall and snowmelt through
overiying lake plain sediments and till. Subsurface
inflow is indicated by the direction the water moves,
as shown on the map in figure 21. Most recharye to
the James anuifer is by pereolation of precipitation in
Hs. B8 and 59 W. ldentification of this arga as an
important source of recharge was by analysis of
several types of data: testhole logs, to evaluate
overburden permeability; water-level measurerents
and precipitation data to determine the type and
vapidity of respanse of the water surface 1o
precipitation and snowmely; and water-quality data,
because salinity increases and general water guality
deteriorates with increasing distance from the
recharge area.

Fluctuations of water lavels jn wells are the esult
of changes in the amount of water stored n the
aquifer. Changes in storage are caused by differences
in the rates of recharge and discharge.

Water-level fluctuations in wells in the Jarnes
aquifer are both seasonal and long term, Seasona




fluctuations of water levels are caused by diffecences
in recharge or discharge throughout the year. Water
leveis rise in the spring and early summer when
recharge from percolation of snowmelt and spring
rains is greater than discharge by subsurface outflow
or  evapoiranspiration, Conversely, water levels
decline from midsummer to mid-wintgr when
discharge is greater than recharge. This type «of
seasonal water-leve! fluctuatian is shown in figure 22
for wells 128NGBW22BERB, 127NGBWEBBB,
126NE8WAAAA, and 128NSEW3BBBB, which are
located in recharge areas.

Long-rerm fiuctuations in water levels reflect
cumulative differences in recharge and discharge for a
period greater than 1 year. Water levels generally rise
in years of above-narmal precipitation and decline in
years of below-normal precipitation, Because only 2
years of water-leve] measurements are availabie for
the James aquifer, long-term fluctuations of water
levels were difficult to evaluate; howeaver, during
1971, as shown in figure 22, water levels declined
about 0.5 to 1 foot (0.1 ta 0.3 m). This drop in water
ifevel correlates with the period of below-normal
precigitation that accurred much of the time from
mid-1969 to October 1971, and may be an indication
of the beginning of a long-term decline in water
levals.

Natural discharge from the James aguifer is by
subsurface outflow into North Dakota. The rate of
movement is only a few tens of feet per year. Water
moves from areas of recharge to areas of discharge as
sittown in figure 21.

The James aquifer may he dischargihg water to or
receiving recharge from the Nicbrara Formation near
the North Dakota State line, where the MNiobrara Is in
contact with the James aguifer. Although no wels are
known to obtain water from the Niobrara in Marshali
County, this study found that the formation does
contain one or more permeabie zones. The parmeable
zanes in the Nicbrara were detected when they took
dofling water when penetrated. Water-quality data
alsa suggest the possible mixing of water from the
Niobrara with water from the James aguifer,

The predominrant chemical constituents of water
from the James aguifer can be used to classify the
water into four groups (fig. 23},

Graup 1 is in the wastern and southern parts of
the aquifer, where water enters the aquifer from
Brown County in T. 128 N. or recharges the aguifer
by percolation through the averlying material.
Sodium and bicarhonate predominate and hardness
ranges from 110 to 260 mg/t.

Group 2 is in the central area where mast recharge
to the aquifer takes place. The predominant
constituents in  the water are calcium and

.4z,

bicarbonate, although magnesium and sulfare
constituie a sizable part. Hardness in the water s
high, 340 to 440 mofl.

Group 3 is a mixed water east of the central major
recharge area. The major constituents are sodium,
calcium, and bicarbonate where the mixing s with
water from the south and west and calciurn and
sulfate where the muxing i1s with water from the
north. Magnesium is zlso an important constituent 1n
the mixing area. Hardness ranges from 316 to 860
mgft. In three sarnples the hardness is higher than in
the major recharge area-the hight hardness values
might be due to water circulating through ar coming
from the underlying Niobrara Formation,

Group 4 is in the northern, eastern, and
southwestern parts of the aquifer where scdium,
sulfate, and bicarbonate predominate. in the north
and east the aquifer is in contact with the underlying
Niobrara Formation. Several test hales indicate that
the Nigbrara Formation is permeable; James aquifer
water, therefore, may undergo & quality change as a
result of mixing with water from Nichrara. The major
change in quality is an increase in suffate resulting in
sodium, sulfate, and bicarbonate becoming the major
constituents. Hardness ranges from 166 to 265 mgy/l
tn the southwestern part the James aguifer also may
be connected with the Niobrara; however, the quality
is somewhat different indicating that other factors
may be involved. Hardness and chloride are
conside:ably higher than elsewhere, possibly the
result of local recharge through overlying drift.

The water in the James aquifer has high salinity
hazard and ranges from low o high sodiuim hazard
{fig. 17). Warer of low sodium hazard is in the
calcium  bicarbonate type water area or in the
mixed-water area 1o the northeast {fig, 23]. Water of
high sodium hazard is in the scuthern and eastern
parts of the aquifer.

Field analyses of specific conductance, chloride,
and hardness were made of water from 19 wells [table
6).

Veblen Aquifer

The Veblen aquifer underlies 24 sguare miies (62
km?} in northeastern Marshall County and extends
into Roberts County and into Morth Dakota (fig. 24}
Probabw’cnw g small part of the aquifer is within
Marshall County. 1t consists of buried outwash that 15
mostly sand and gravel. The outwash contained clay
fenses at oniy one test hele {128NS53W25AADA).
Water in the aquifer occurs under artesian cond:itions
except in some places where overlying clay layers are
absent and it occurs under water-table conditions
Water levels range from 50 to 100 feet (15 10 30 m)
below land surface,




Pleistocene glacial and !acustrine deposits of late
Wisconsin age and Holocene sedimenis make up the
surficial deposits. Glacial deposits having a known
thickness of 805 feer (245 m) overtie sechmentary
racks of Cretaceous age. Ewvidence suggesis that the

late Wisconsin ice margin hafted four times ducng the

pentod of deglacation and caused majo! reshaping of
the topography and drainage.

The placiat materiad on wnat 15 now called the
Coteau des Praines consists moastly of stagnation
moraine, Thw is evidenced by areas of collapsed
puiwash and the presence of ice-walled lake piains
and collapsed take piains

To the west of the coteau, lacustene sediments
were deposited in a large {ake catled Lake Dakota.

{n Marshall County a large end maraine extends
along the margins of the coteau, and semaanis of two
gnd moraines are found m the cencal parr of the
coteau. The large horgseshoe-shaped Ozks maraine
gxtends across the Laice Dakora plain,

Surface water cansists of many small intermitient
streams and numerous marshes. pords. and lakces.
Streamflow takes place in spring from snowmett and
following periods of heavy precipitation; most of the
yeai, however, streams are dry. The streams m
Marshall County ornginate on the coteau. Seven
peseent of the County is covered by water in marshes,
ponds, and lakes Many small gerched marshes,
ponds, and lakes occur on the coreau in the clayey
graund and on end moraings. Mbost of the larger
surface-water bodies are hydraulically connecied io
aouifers.

Glacial deposits of sotied sand and gravef are the
+nporiant water beanng rotks in Marshall County Of
the s aguifers in drift, the James, Veblen, and
Careau-lakes aguifers can prowide yields of 500 gpm
132 t/s) or mare.

The James aguifer underhes 220 sguare miles {570
km*} i Marshali County. it ranges in depth from 100
to 190 feet {30 to 58 m! below 1and surface m
low-1yng areas to more than 580 teet {177 m} below
fanid surface on the coteau. Warer i the aguifer is
unger artesian pressure and the water surface ranges
trom 2 to 111 feet {1 to 34 m) below fand sutfaca.
The aquifer contains an estimated 1% muiliion
aera-feat {2 biltion m*} of wates 1n starage.

Recharge to the James aquifer is from
round-water  inflow  from Brown County and
percolation of precipitation and snowmell hrough
overdying lake plain sediments ang it in Rs. 68 and
9 W,

Discharge from the James aguifer is by stbsurtace
outflow into North Dakota.

Sodium and bicarbonate predominate and
hardness ranges fram 110 to 260 mg/! where water
enters the James aquifer from Brown Counwy in 7.
128 N Where most of the recharge takes place
calcium and bicarbonate predominate and hardness
high, 340 10 440 mg/1 In the mixed water east of the
main recharge area the major constituents are sodium,
calcium, sulfale, and bicarbonate and hardness ranges
trom 316 to BGO mg/l Where the aquifer water is
mixing with water from the MNiobrars Formatian,
sochum, sulfate, and bicarbonate predominate and
nardness ranges from 168 to 268 mg/l. The water m
me James aguifer has high salinity hazard and ranges
from low to high sodium hazard. )

The Veblen aquifer underlies 24 square mules {62
km*®} in the northeast corner of Marshall County.
Water in the aguifer occwrs in some areas under
artesian  conditions and 0 other areas uhder
water table condibions and water levels ranga from &0
to 100 fest {15 to 30 m} helow land surface. The
thickness of the aquifer ranges from 40 to 69 feet (12
to 21 m). Well depths range from B0 to 158 feet (24
10 48 m) below land surface,

Recharge to the Veblen aquifer is from
percolation through the overlying il and outwash
D:scharge 15 by sutsurface outflow intc Roberts
County and into Morth Dakota.

Warter trom the Veblen aguifer is of two types; the
pgrecdominant constituents in the western part of the
aguifer are catcium, sodium, and suifate and in the
gastern part of the aquifer are calcwm, magnesium,
and bicarbonate. The water has high salinity hazard
and low sodium hazard

The Cotweau-lakes aguifer, in the southeastern
corner of the County, underlies about 50 square miles
{130 km*] The aquifer, found near land surface, is
hydrauhcailty connected with Buffalo, South Red
lron, North Hed iron, Ciear, and Roy Lales. Water
levels range from that i adjacent fakes ta 40 feet {12
m} beiow land surface Water occurs in some areas
under water-table conditions and in other areas under
atesian condiiions. The thickness of the aquifer
varies widely from place 1o place.

Recharge to the Coteau-lakes agquifer 5 by direct
preciptation, percolation through the tHl cover,
surface runoft into the (akes, and subsurface inflow
Discharge is by svapotranspiration and by subsurface
autflow.

Major constituents in water in the Coteau-lakes
aguifer are caleium and bicarbonate. The water has
medium 10 high salinity hazard and low sodium
hazard.

Three mtnor aquifers, the Marday, Eden, and




