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INTRODUCTION 
This is a special report in the Minnesota Soil Atlas 

series. The state is divided into 11 sections which cor
respond to 11 map sheets. Three of these have now been 
published, and the remainder are in various stages of 
compilation. 

This Twin cities map and report provide soils infor
mation at a scale larger than the standard 1:250,000. 
However, the enclosed map has a standard scale, which 
means that 1 inch on the map represents approximately 
2 miles ( 125,000 inches). The larger scale allows more 
detail to be shown for this area which has about half the 
state's population. The soils information for the 7-county 
area will also be published as part of the St. Paul and 
Stillwater sheets at the 1:250,000 scale. 

Detailed soil surveys published on a scale of 1:15,840 
and 1:20,000 are being made by the U.S. Department of 
Agriculture Soil Conservation Service (USDA, SCS) in 
cooperation with the University of Minnesota Agricul
tural Experiment Station. However, because they cannot 
be supplied soon enough for broad planning, the Soil 
Atlas publications are being published .The publications 
don't replace the detailed soil survey reports which are 
essential for planning smaller land areas. Detailed soil 
survey work not available in published form has been 
gathered and supplemented to compile the Twin Cities 
Sheet of the Minnesota Soil Atlas. 

Until detailed soil surveys are available for all Minne
sota counties, broad planning can be facilitated by the 
11 sheets in the Minnesota Soil Atlas series (see 
inside cover). However even when detailed soil surveys 
become available, the broad view will still be necessary. 
These maps are being published with explanatory texts 
for each sheet. For uniformity, the Atlas Sheets have the 
same scale as do the U.S. Geological Survey topographic 
maps and other maps prepared by the Minnesota Geo
logical Survey. 

The Twin Cities Sheet represents approximately 
1,899,500 acres in the 7 counties of Anoka, Carver, Da
kota, Hennepin, Ramsey, Scott, and Washington. Soil 
surveys have been published for 4 of the 7 counties. Ap
pendix B indicates the extent of modern detailed soil sur
veys in this area. 

HOW THE MAP WAS PREPARED 
The base map was prepared from the St. Paul and 

Stillwater quadrangle topographic maps published by 
the U.S. Geological Survey. The scale of the base map 
was enlarged to 1:125,000 to show areas as small as 400 
acres. Contour intervals of 50 feet are indicated as sub
dued brown lines on the map. 

Soil landscape delineations were developed from de
tailed soil surveys of the 7 -county area. 

To provide a generalized map for those having mini
mum soils knowledge, soils were grouped into soil land
scape units based on these factors: 

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

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

(> Drainage with moderately well-, well-, and exces
sively drained designated (W); and somewhat poorly, 
poorly, and very poorly drained designated (P). Units 
with (W) designation normally have water tables below 
the rooting zone. Units with (P) normally have water 
tables within the rooting zone. 

(> Color of surface soil with dark color (very dark 
gray to dark brown or darker) designated (D); and light 
color (dark gray to brown or lighter) designated ( L). 

Thus the Clarion1 series would appear on the map as 
LL WD and would be interpreted from the map as a 
dark-colored, well-drained loamy soil over loamy ma
terial (in this instance, loamy glacial till). Port Byron 
and Ostrander would also appear as this landscape unit. 
Some areas on the map do not have a 4-letter symbol. 
These are land types such as M for marsh, R for rock
land; A for floodplains; and SSR for steep, stony, rocky 
land. 

Twelve geomorphic regions are delineated to illus
trate broad physiographic features and to help identify 
the nature of parent materials on which the soils have 
developed (table 1). Several geomorphic areas will ex
tend into adjoining Atlas Sheets. Soil landscape units are 
mostly delineated within the geomorphic areas. Soil ser
ies occurring within a soil landscape unit commonly dif
fer among geomorphic areas. Tables 1 through 13 include 
the significant soil series. 
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Gemlii!l ll:ei11ltill11Ships 

Identification of 12 regions in the Tvvin 
Cities area1 is based on yea:r::;' geologists 
and soil scientists. Early work on geolog"y and 
land forms was done by Leverett.:~ together with 
Iaiter has been brought together Wright3 in 
"Physiography of Minnesota" (figure 1). 

The 27 physiographic areas identified VVright am 
the highest of land form classification i.n the 
state, whereas geomorphic regions identified and 
for the SoH Atlas project may be considered a 
level. 

Although larger physiographic: areas a:re not 
on the Twin Cities map, discussion is organized accord
ing to t.hese areas. VVright's 1972 paper provides a fuller 
explanation of broader patterns of physical geography 
of the Twin Cities area and state. 

River valleys and their associated terraces and out
wash plains are distinctive features of the Twin Cities 
area. They cover about 517,700 acres, which is 27.2 per-
cent of area. 

Three geomorph.ic regions-the Mississippi, 
and Minnesota Valleys-are in the Twin Cities area. 
They are aH nearly terraces and Hood plains along 
the major rivers and their tributaries. 'Water tables are 

deep, on the higher terraces. 
they commonly are in lovv terraces and 
plains. Actual free water to 2 :feet to 
several. hundred feet area, for 
example. 

Soils with and gravelly substrata dominate, and 
these have surface textures ranging from silty to loamy 

1 Brief desc;riptions of narned soils in the region m:e in Appendix A. 
2 Leverett, Frank, 1932. Quaternary geology of Minnesota and 

parts o.f adjacent states. U.S, Geol. Prof. Paper 161, 149 p. 
3 Vvright, H. E. J:r,, 1972. Physiography o£ Minnesota. Geology of 

Minnesota, A Centennial Volume, p. 561-577. 

to Bottom land soils are mostly loamy and silty 
and are subject to flooding. 

Native vegetation on the :relatively dry terraces and 
outwash plains was tall grass prairie or savanna. A hard
wood forest of elm, ash, cottonwood, box elder, bass-

soft and willow covered the valley escarp-
ments and bottomlands. 

The terraces often have high quality gravel but ur
ban encroachment has eliminated its availability. 

TaMe t ,Acreag!l estim~~es of ge[lm~Jrphi~: regiom; withiil the Twilll 
Cities Simeret 

35C 

36 

38 

Name 
Percent 
of sheet 

lrreglllar, Rolling . , ............. , .. . 7.0 
Hayward-Owatonna Moraine, 

Irregular, Gently 0.9 

0.1 

4.6 
39 Upland, 

Silty, Gently Rolling .. , . , . . . . . . . . . . . . 0.7 

40 Red Wing-La' Crescent Uplands, Steep 0.2 

43 Arlington-Matowan Ground Moraine, 
loamy, Undulating ........... , , .... , 0.2 

Acres 

389,300 
38,600 

103,500 
305,800 

92,500 

132,800 

1,900 

4,700 

45 Twin Cities Formation, 18.7 355,700 
54 Anolia Sand Plain ... , ...... , .. , , .. , .... 13.9 264,000 

Total ..... , .............................. . 
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Figure L This is a map of physiographic areas in Minnesota. Areas are: (1) Border lake Area; (2) North Shore Highland; (3) Toimi Drumlin Area; 
(4) Giants Range; (5) Aurora-Alborn Clay-Till Area; (6) Glacial lakes Upham and Aitkin; (7) Chisholm-Embarrass Area; (8) Surgar Hills-Mille Lacs 
Area; (9) Glacial lake Duluth Area; (13) Eastern St. Croix Moraine; (14) Western St. Croix Moraine; (15) Bemidji Area; (16) Itasca Moraine; 
(17) Wadena Drumlin Area; (18) Alexandria Moraine Area; (19) Owatonna Moraine Area; (20) Coteau des Prairies, Outer Part; (21) Blue Earth 
Till Plain; (22) Olivia Till Plain; (23) Minnesota River Valley; (24) Glacial lake Agassiz; (25) Beltrami Arm of lake Agassiz; (26) Coteau des 
Prairies, Inner Part; (27) Rochester Till Plain. This map is reproduced through the courtesy of H. E. Wright, Jr., from Physiography of Minnesota. 
Geology of Minnesota: A Centennial Volume, page 564, 1972, Minnesota Geological Survey, University of Minnesota, Minneapolis. 
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MISSISSIPPI VALLEY OUTWASH (29)4 

This region encompasses approximately 389,300 acres, 
20.5 percent of the map area. 

Eleven soil landscape units are mapped in the region: 
SSWD; SLWD; A; SLPD; P; SLWL; RLWD; SSPD; 
LL WL SSWL; and M. Table 2 lists selected character
istics. Additional information for some units follows: 

SSWD-Also included are soils with a 2- to 3-foot 
thick loamy mantle. They comprise about 10 percent of 
this unit. 

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

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

Upper photo: Alluvial soils are often subject to flooding in the spring 
as shown here along the Crow River. Lower photo: Soils vary widely in 
their abilities to store moisture for plants. This Mendota Heights golf 
course is located on the SLWD soil landscape unit which has a sand 
and gravel substratum. Only the irrigated fairways are green during 
the dry period. 

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

P-Small sandy islands within the organic soils make 
up about 5 to 10 percent of this unit. 

RL WD-Bedrock of limestone and sandstone is close 
to the surface in these areas. 

• Numbers in parentheses refer to geomorphic region number sym-
bols as they appear on the map of the Twin Cities Metro Area. 

Soils vary widely in their suitabilities for septic tank effluent absorption. 
Here, the septic tank system failed before the lawns were established in a 
new development. Sewage effluent is flowing on the surface of the soil 
because of an improper installation of a filter field for the low perme· 
ability soil. Detailed soil maps and onsite investigation are needed to 
determine septic tank feasibility. 
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The SSWD is an extensive soil landscape unit 
in the Twin Cities, area, particularly in the 
Mississippi Valley Outwash geomorphic region. 
South Minneapolis and the suburbs between the 
Minnesota River and Minneapolis are built 
largely on soils such as the Hubbard series 
shown here. The land is nearly level, and the 
sandy soils are well-drained and have a de
pendable bearing strength over a wide range 
of soil moisture conditions. 

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

Most common Moisture 
texture and thickness (feet) relationships 

Soil Percent Inches of 
landscape geomorphic Landscape Rooting zone Substratum available water Drainage pH 

unit region position to 5 feet class 

nearly level 
to gently rolling loamy sand sand and gravel excessively to 

SSWD .......... 67 outwash plain (1-3) (3-20+) 3-6 well drained 5.1-6.5 

nearly level loam or silt sand an~ gravel 
SLWD ........... 37 outwash plain loam (2-3) 6-9 well drained 5.1-6.5 

nearly level sandy loam, sandy loam, 
stream bottom loam or silt loam or silt well to poorly 

A ............... 8 and low terraces loam (2-4) loam (4+) 6-12 drained 5.6-7.8 

nearly level loam or silt sand and gravel 
SLPD ........... 3 outwash plain loam (2-3) (3-20+) 6-9 poorly drained 6.1-7.8 

very poorly 
low lying drained to 

p ............... 2 depressions muck (1-3) sand 12+ marshy 5.1-7.3-

nearly level loamy sand sand 
SSPD . . . . . . . . . . . 1 outwash plain (1-3) (3-20+) 3-6 poorly drained 5.6-6.5 

old land form; 
"island" in nearly limestone or 
level outwash loam or silt sandstone bed-

RLWD ........... 1 plain loam (1-3) rock (3+) 3-9 well drained 5.6-7.3 

nearly level to 
gently rolling loamy sand sand excessively 

SSWL ............ t* outwash plain (1-3) (3-20+) 3-6 drained 5.1-6.0 

rolling to steep 
hilly upland 
"island" in sandy loam to 

SLWL ............ t* outwash plain loam (2-3) sandy loam (3+) 6-9 well drained 5.1-6.5 

gently sloping 
to steep upland silt loam, loam, loam 

LLWL ............ t* slopes or clay loam (4) (4-20+) 9-12 well drained 5.1-7.3 

1-4 feet 
either organic either organic of water 

low lying muck or mineral muck or mineral on 
M .............. t* depressions soil soil surface marshy 

Gravel Pits ....... t* 

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

• t =trace 

-8-

Approximate 
fertility in 

rooting zone Significant 
soil series 

p K 

Hubbard 
Sparta 

low to Estherville 
medium low Dickman 

low to Waukegan 
medium low Dakota 

Becker 
Alluvial Land 
Chaska 

variable variable Dorchester 

Biscay 
Kato 

low low Marshan 

low low Adrian 

low low I san 

Copaston 
high medium Rockton 

Plainfield 
high low Nymore 

low to 
medium medium Kingsley 

high medium Hayden 



This :region encompasses approy,Jmai:ely acres 
or 2 percent of mcap area. 

Eight soil landscape uruits are mapped in regim:t~: 
SLVvD; SSWD; SLPD; P; A; RLWD; SSWL; 
RSWD. Table 3 lists selected characteristics of tlr.~.e units. 
Additional information follows: 

SLWD-This uniit includes 10 to 15 percent 
sand soils. Poorly drained soils make up less £~Jan 5 per
cent. 

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

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

P-SmaH sai:~dy islands up 5 per-
cent of this unit are ~w~iucu'A'-· 

RSWD--The islands" have undulating to 
roBing with loam or sandy loam over sandstone. 

T11!1!e 31. S®i®de~ l'®at1n~s of S!lllil !llnitll wi~~~~~ ·[he Carm!lir~ OuhMash (311!) get~m~n~~t~i~: regi@ll 

Most common Moistt1re 
texture and thiclmess (feet} relationships 

Soil Percent Inches of 
landsca[!e geomorphic landscape Rooting zone Substrat~m available water Drainage pH 

unit regiGll position to 5 "lee! class 

nearly level loam or silt sand and gravel 
SlWD ........... 51 outwash plain loilm (2·3) (3·20+) 4-8 well drained 5J·7J 

nearly level to 
gently rolling loamy sand sand and gra11el excessively 

SSW I) .... . ' .... ' 21 outwash plain (1·3) (3·.20+) 3-6 drained 5.1-6.5 

nearly level loam or silt sand and gravel 
SLPD 9 outwash plain loam (2-3) (3·20+) 6-9 poorly drained 6J-7.8 

very poorllf 
low lying drained to 

f' ••••••••••••• 0 9 depressions muck (1·3) sand (2-4+) 12+ marshy 5.U.3 

nearly level 
stream bottoms 
am! low loam or loam or well to poorly 

fj, 
• • • • • • • • 0. . ' . 6 terraces clay loam clay loam 9·12 drained 6 . .1-7.8 

limestone or 
gently sloping loam or silt sandstone bed-

RLW[l ••••••••• 0. 2 to steep uplam:l loam (.1-3) rock(+) 3·9 well drained 5.1H.3 

nearly level to 
gently rolling loamy sand sand 

SSWL ............ outwash plain (1-3) (3"20+) 3-6 well drained 5.1-6.0 

steep, old land sandstone I:Jed-
RSWiC! ......... , . fm·m "islands" loamy sa11d rock (3+) 3~6 well drained 4.5-6.5 
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1\ppmximate 
fertility in 

rooti~g zo11e Sig11ificant 
soil series 

f' I< 

low to Waukegan 
medium low Da!mta 

Hubbard 
low to Sparta 
medium low Estherville 

Biscay 
Kato 

low low Marshan 

low low Adrian 

Huntsville 
variable variable Colo 

Rockton 
high medium Copaston 

high iow Plainfield 

low to 
medium low Bellechester 



MINNESOTA VALLEY OUTWASH (32) 

This geomorphic region is similar in physiography to 
the Cannon and Mississippi Valleys. It's about 89,800 
acres, 4.7 percent of the map area. 

Table 4. Selected features of soil landscape units within the Minnesota Valley Outwash (32) geomorphic region 

Approximate 
Most common Moisture fertility in 

texture and thickness (feet) relationships rooting zone Significant 
Soil Percent Inches of soil series 

landscape geomorphic Landscape Rooting zone Substratum available water Drainage pH p K 
unit region position to 5 feet class 

nearly level to well to Hubbard 
gently rolling loamy sand sand and gravel excessively low to Sparta 

SSWD 0 ........ 0 42 outwash plain (1-3) (3-20+) 3-6 drained 501-605 medium low Estherville 

nearly level loam, silt loam, 
stream bottoms clay loam, and loam, silt loam, Dorchester 
and low silty clay loam or clay loam well to poorly Oshawa 

A .............. o 35 terraces (2-4) (4+) 9-12 drained 6.6-8.4 variable variable Comfrey 

sandy loam, Kasota, 
nearly level loam, or silt sand and gravel low to Wadena, 

SLWD ........... 10 outwash plain loam (2-3) (3-20+) 6-9 well drained 5.1-7.3 medium low Dakota 
Waukegan 

gently sloping 
to depressional limestone or 
bedrock loam or clay sandstone bed-

RLPD ........... 3 terraces loam (2-4) rock (4+) 6-9 poorly drained 6.6-7.8 Faxon 

nearly level to I imestone or 
rolling bedrock sandstone bed- Rockton 

RLWD ........... 3 terraces loam (2-4) rock (4+) 3-9 well drained 5.6-703 high medium Copaston 

low lying sand and gravel very poorly Adrian 
p .............. 2 depressions muck (1-3) (2-4+) 12+ drained 5.1-7.3 low low Palms 

nearly levei to loamy sand 
gently rolling (1-3) and sand excessively 

SSWL ........... 2 outwash plain fine sand (3-20+) 3-6 drained 5.1-6.0 high low Zimmerman 

nearly level to limestone or 
steep bedrock sand or loam sandstone bed-

R .............. 2 terraces (0-1) rock (1+) <3 well drained 

1-4 feet 
of water 

low lying organic or organic or on 
M .............. 1 depressions mineral soil mineral soil surface marshy 

Water ........... t* 

• t = trace 
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Rolling topography and scattered woodlands are typical 
features of the llWD soil landscape units in several geo
morphic regions in the Twin Cities area. Soils have 
under a hardwood 'forest in a loamy-textured 

Nine soH landscape units are mapped in this region: 
SSWD; A; SLWD; RLPD; RLWD; P; SSWL; R; and M. 
Table 4 lists selected characteristics of the units. Some 
additional information foHows: 

SSWD-Also included are some loamy soils, 25 to 
36 inches which comprise about 10 to 15 percent 
of this unit. 

A-A few smaH areas of sandy terrace soils included 
in this unit are indicated by sand symbols on the map. 
Many areas have a corrugated surface with 5 to 10 feet 
difference in height between the lows and highs of nar
row parallel ridges and swales. 

SLWD-This unit includes 5 to 10 percent 
sand soil. 

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

RLPD-This unit consists of terraces underlain with 
bedrock at shallow depths. One to 3 feet of glacial out
wash typically overlies the bedrock. Because springs fol
low the surface of the bedrock, the unit :is hummocky 
with a peaty or mucky surface. Boulders 2 to 4 feet in 
diameter frequently occur on the surface. This unit is 
nearly all pasture. 

P-Organic soils formed in old lakes and ponds vi!ith
in the flood plains, but distant from the present river 
channel. These soils normally have a high water table 
and may be ponded at times. Herbaceous vegetation is 
dominant. 

R-These are areas where sandstone bedrock is ex
posed or where the soil mantle is from 6 to 36 inches. 
The surface material is stony and gravelly with numer
ous boulders. 

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

OWATONNA MORAINE AREA 
A complex pattern of moraines accounts for about 

half of the land area of the meh·opolitan counties. Two 
broad physiographic moraine areas occur in the area: 
the Owatonna and the Eastern St. Croix Moraines. The 
Owatonna is a series of moraines that formed on the 
eastern edge of the Des Moines lobe and extends from 
Hennepin County south to the Iowa border. The Eastern 
St. Croix Moraine area is a deposit of earlier glacial ad
vances, the Superior and lobes of the St. Croix 
phase of Wisconsin glaciation.4 

A total of five geomorphic regions within the Owa
tonna area are represented to some extent within the 
Twin Cities area. In general, are extensions of 
larger located to the south west of the Twin 
Cities map area. 

There are a number of common characteristics to the 
two geomorphic regions such as native vegetation and the 
large number of wet depressions. Prehistoric vegeta
tion was largely a hardwood forest. The of this for
est located west and south of the metropolitan area has 
been called the Big Woods and consisted of oak, elm, 
basswood, maple, aspen, birch, wild cherry, butter
nut and black walnut. Prairie also occurred in scattered 
areas. 
4 Ibid 
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LONSDALE-LERDAL TILL REGION (33) 

This region is characterized by clayey mantled mor
aines and dead ice features. It is about 103,500 acres in 
size, 5.4 percent of the map area. It's in two parts. One 
lies ·west and north of Lake Minnetonka, and the other 
is in Scott County east of New Prague. 

The dominant land form is circular, lev~l-topped hills 
bounded by smooth side slopes and above a broad lower 
level. The till is buff to light brown in color and limy. 

The broad upper levels have nearly the same eleva
tion. In place, the unobstructed view gives the impres
sion of a level plain. Summit widths vary. Some are be-
tween 300 and 500 feet, some between 1,000 and 4,000 
feet, and a few range up to 4 miles. Where the clayey 
mantle is thin, the summits are from 20 to 30 feet above 
the lower level, and they are nearly 50 feet where. clayey 
mantle is thick. Summit slopes are normally between 2 
and 3 percent, but they range up to 7 percent. 

Side slopes are smooth with convex shoulders and 
· concave lower slopes. Contour lines are reasonably paral

lel. 

The natural drainage system is not integrated, i.e., 
many drainageways and small streams end in depressions 
or lakes. 

The lower elevations are interspersed with closed de
pressions containing lakes and peat bogs. 

The seasonal high water table is about 3 feet deep 
on the nearly level upper summits to more than 10 feet 
deep on the more sloping tops and side slopes. On the 
lower level, it ranges from above the surface to about 6 
feet deep. All water tables vary seasonally. The total 
water area is approximately 6,100 acres. 

The level-topped hills are capped by 2 to 4 feet or 
more of clayey sediments underlain by calcareous clay 
loam or loam till. However, this sudace sediment layer 
is often thin and is not reflected as an LC soil landscape 
symbol. The region does not have significant deposits of 
gravel or sand. 

Five soil landscape units are mapped in the region: 
LLWL; LLWD; M; P; and LCPD. Table 5 gives se
lected features of units. Additional information follows: 

LL WL-Included within this unit are small areas 
with a clayey surface comprising 10 to 15 percent of the 
unit. Small peat bogs comprising 5 to 10 percent of the 
area are also included. 

LLWD-Poorly drained soils comprise about 15 per
cent of the unit. About 10 percent of the sudace is 
clayey. 

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

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

Table 5. Selected features of soil landscape units within the Lonsdale-Lerdal Till Region, Clayey, Rolling (33) geomorphic region 

Approximate 
Most common Moisture fertility in 

texture and thickness (feet) relationships rooting zone Significant 
Soil Percent Inches of soil series 

landscape geomorphic landscape Rooting zone Substratum available water Drainage pH p K 
unit region position to 5 feet class 

loam to clay loam to clay Erin 
LLWL ........... 69 rolling upland loam (3-4) loam (4+) 9-12 well drained 5.1-6.5 medium medium Hayden 

Kilkenny 
Clarion 

loam to clay loam to clay low to LeSueur 
LLWD ........... 14 rolling upland loam (3-4) loam (4+) 9-12 well drained 5.1-6.5 high medium lester 

1-4 feet 
of water 

low lying either organic on 
M .............. 5 depressions or mineral soil surface marshy 

limnic material very poorly 
low lying muck and peaty or mineral soil drained to Palms 

p ............... 4 depressions muck (1-3) (3-10+) 12+ marshy 5.1-7.3 low low Caron 

silty clam loam 
nearly level to silty clay clay loam to low to 

LCPD ........... 3 upland (3-4) loam (4+) 9-12 poorly drained 6.1-6.5 medium low Cordova 

Water ........... 5 
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Below: A home has been sited without extensive 
levelling in an area having 20 percent slopes. Larger 
lots are usually required in rolling areas. Right: Soils 
such as this Cordova series occur on nearly level 
areas and drainageways. They are poorly drained and 
represent the kind of soil found in the LLPD soil 
landscape unit. Without corrective treatment, homes 
built on these soils often have wet basements, and 
the water is too shallow for proper septic tank filter 
field operation. (Photo is courtesy of Soil Conservation 
Service.) 
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WACONIA-WASECA MORAINE, LOAMY, ROLLING (34) 

10 to 30 feet above the lower level. Summit slopes are 
irregular and normally between 2 and 3 percent, but 
range up to 6 percent. 

Side slopes are smooth with convex shoulders and 
concave lower slopes. Slopes range from 4 to 35 percent, 
but are dominantly 8 to 14 percent. Contour lines are 
reasonably parallel. 

The lower level is interspersed with closed depres
sions containing lakes and peat bogs. 

The seasonal high water table ranges from about 3 
feet deep on the upper level to 10 feet deep on the more 

This region is similar in topography to the Lonsdale- sloping tops and side slopes. Water tables on the lower 
Lerdal region, but does not have the clayey sediments level range from above the surface to about 6 feet deep. 
on top of the hills. The region is located in the western Water tables vary seasonally. There are numerous lakes 
part of Scott and Carver Counties. It's about 305,800 in the region. Total water area is approximately 8,200 
acres in size, 16.1 percent of the map area. in the region. Total water area is approximately 4,200 

The dominant landform is circular, nearly level acres. 
topped hills bounded by smooth side slopes and a broad Little or no sand and gravel occur in the region. 
lower level. Nine soil landscape units are mapped in the region: 

The broad upper levels have nearly concurrent ele- LLWD; LLWL; P; LLPD; LCPD; A; SSWD; M; and 
vations. In places, the unobstructed view gives the im- SLWD. Table 6 lists selected features of the units. Ad-
pression of a level plain. Summit widths vary: some are ditional information follows: 
between 200 and 500 feet; others from 1,000 to 4,000 LLWD-Poorly drained soils comprise about 15 to 
feet; .and few extend to 2 miles. The summits are from 20 percent of the unit. About 5 percent of the unit is 

A substantial amount of prime farmland exists in the Twin Cities metropolitan area, but conversion to urban uses is continuing. 
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small peat bogs. About 5 percent of the soils are light- A small area of geomorphic region 43, the Arlington-
colored. Matowan Ground Moraine, is included on the Twin Cit-

LL WL-About 10 percent of this unit is dark or mod- ies map. This area of 4,700 acres is located in the south-
erately dark-colored soil. Another 10 percent is poorly west corner of Carver County. Three soil landscape units 
drained or small peat bogs. occur in this area; information about them is in table 6. 

P-About 10 percent of this unit includes mineral soil. Additional information follows: 
LLPD-Fifteen to 20 percent of this unit is well-

LL WD-About 10 to 15 percent of this unit consists drained soils. Small peat bogs make up about 5 percent 
of the unit. of poorly drained soils. 

LCPD-About 10 percent of this unit is well-drained LLPD-About 10 to 15 percent of this unit consists 
soils. of well-drained soils. 

Table 6. Selected features of soil landscape units within the Waconia-Waseca Moraine, Loamy, Rolling (34) geomorphic region 

Approximate 
Most common Moisture fertility in 

texture and thickness (feet) relationships rooting zone Significant 
Soil Percent Inches of soil series 

landscape geomorphic Landscape Rooting zone Substratum available water Drainage pH p K 
unit region position to 5 feet class 

Clarion 
well drained Nicollet 

undulating to loam to clay loam to clay and moderately Lester 
LLWD ........... 66 rolling upland loam (4) loam (4+) 9-12 well drained 6.1-7.3 low medium LeSueur 

Hayden 
loam to clay loam to clay Nessel 

LLWL ........... 19 rolling upland loam (4) loam (4+) 9-12 well drained 5.1-6.5 medium medium Erin 

limnic material 
low lying muck and peaty or mineral soil very poorly Palms 

p .............. 5 depressions muck (1-3) (3-10+) 12+ drained 5.1·7.3 low low Caron 

depressional to 
gently sloping loam to clay loam to clay poorly and very low to Glencoe 

LLPD •••••••••• 0 4 upland loam (4) loam (4+) 9-12 poorly drained 6.6-7.3 low medium Webster 

nearly level silty clay loam loam to clay low to 
LCPD ........... 2 upland to silty clay (4) loam (4+) 9-12 poorly drained 6.1-6.5 medium medium Cordova 

Becker 
nearly level loam or silt loam or silt well to poorly Chaska 

A .............. 1 stream bottoms loam (2-4) loam (4+) 6-12 drained 5.6-7.8 variable variable Alluvial lands 

nearly level to 
gently rolling loamy sand 

Hubbard . outwash plain (1-3) and sand and gravel excessively to low to 
SSWD ........... 1 or terrace sandy loam (3.-20+) 3-6 well drained 5.1-6.5 medium low Estherville 

1-4 feet 
of water 

low lying organic or organic or on 
M .............. t* depressions mineral soil mineral soil surface marshy 

sandy loam, 
low to nearly level loam, or silt sand and gravel 

SLWD ........... t* stream terrace loam (2-3) (3-20+) 6-9 well drained 5.1-7.3 medium low Wadena 

Water ........... 

gently 
Lester LLWD ........... 73 undulating silt loam to loam to clay 

(Region 43) upland clay loam (4) loam (4+) 8-12 well drained 6.1-7.3 low medium LeSueur 

nearly level to 
low to Webster LLPD .......... 20 depressional loam to clay loam to clay 

(Region 43) upland loam (4) loam (4+) 8-12 poorly drained 6.6-7.3 low medium Glencoe 

p .............. 2 low lying very poorly Adrian 
(Region 43) depressions organic (1-3) organic (3+) 12+ drained 5.1-7.3 low low Caron 

• t =trace 
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region has an area of approxi.matey 92,500 acres, 
4.9 percent the map area. 

This region is similar to the Emmons-Faribault and 
Hayward-Owatonna regions in the texture and compo-
sition of the till, but they are into individual 

because of topography Prior 
roHling; Emmons-Faribault is intermediate in 
the Haywood-Owatonna is rolling. 

Prior Lake Moraine consists irregular mor-
aine topography and ice disintegration features of loamy 

texture. The landform is a of knoils 
that rise irregularly above a lower level. The are 
20 to 100 feet above the knoll base in the roB-
ing areas. Contour lines have a very erratic patten]. 

The lower level can be drained 
inset depressions. Peat have 

in many of depressions. Vvater on 
are more than lO feet deep. The water tables on the 
lower level range from above the to about 6 feet 

Total water area in this is 4,000 acres. 
units are mapped in this 

LLWL; P; and SSVvn Table 7 selected 
of the units. information follows: 

LLWL--About lO this unit :is dark-col~ 
ored. Another 10 percent is drained or peat. 

LLWD-Poorly drained about 10 per-
cent of this unit. 

P-Poorly drained mineral soils occupy about 10 per
cent of this unit. 

Most common Moistt~re 
textllre and thickness (feet) relationships 

Soil f'erce~t 
la11dscape geomorphic la11dscape Rooting zone 

Ul1it region positio~ 

LLWL ... 80 rolling upland loam (4) 

tlWD ......... 15 rolling upla11d !oam (4) 

p .. 2 organic (1-3) 

level to sand 
rolling and 

SSWD t* outwash plain 

Water 3 

~ t == trace 

Rigilt: The land in this area is being fm 
residential use. The land is rolling, and extensive 
grading is necessary for the type of intended. 
Excessive land disturbance can be avoided if sub
division are designed on the basis of the soils 
and terrain involved. Below: Material after 
soils are removed erodes readily, and sediment which 
collects at lower elevations callses additional prob
lems. 

loam 

Inches of 
Substratum available water Drainage 

loam (4-1-) 

clay loam (4-1-) 

limnic material 
or mi11eral 
soil (3-10-1-) 

sand and gravel 
(3-20-l-) 

to 5 feet ciass 

9-12 w®ll drained 

9-12 well drained 

poorly 
12-l-

3-6 

5.1-6.5 medillm medium 

Significant 
soil series 

low to Clarioll 
6.1-7.3 high medium lester 

5.1-7.3 low 

low to 
5.1-6.5 meilillm low 

Palms 
Camn 

Hllllbard 
Estl1er'Jille 



EMMONS-FARIBAULT MORAINE, IRREGULAR, ROLLING (358) 

This region has an area of approximately 132,800 
acres or about 7 percent of the map area. 

The Emmons-Faribault Moraine has a topography 
and glacial origin similar to the Prior Lake Moraine, but 
the local relief is less. 

The dominant relief is 10 to 30 feet above the knoll 
base in the rolling areas. Contour lines have a very er
ratic pattern. 

The lower level can normally be drained except for 
deeply inset depressions. The depressions and dead lakes 
are filled with peat. Water tables on the knolls are more 
than 10 feet deep. The water tables on the lower level 
range from above the surface to about 6 feet deep. There 
are numerous lakes in this region with a total water area 
of 15,000 acres. 

Eight soil landscape units are mapped in this region: 
LLWL; LLWD; M; P; SSWD; SSWL; and LLPD. Table 
8 lists selected features of the units. Additional informa
tion follows: 

LLWL-About 10 percent of this unit is dark-col
ored. Another 10 percent is poorly drained. Some small 
peat bogs are included. 

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

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

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

Table 8. Selected features of soil landscape units within the Emmons-Faribault Moraine, Irregular, Rolling (358) geomorphic region 

Approximate 
Most common Moisture fertility in 

texture and thickness (feet) relationships rooting zone Significant 
Soil Percent Inches of soil series 

landscape geomorphic landscape Rooting zone Substratum available water Drainage pH p K 
unit region position to 5 feet class 

llWl . . . . . . . . . . 77 rolling upland loam (4) loam (4+) 9-12 well drained 5.1-6.5 medium medium Hayden 

gently rolling to loam to clay loam to clay lester 
llWD ........... 4 rolling upland loam (4) loam (4+) 9-12 well drained 6.1-7.3 low medium LeSueur 

1-4 feet 
of water 

low lying either organic either organic on 
M .............. 4 depressions or mineral soil or mineral soil surface marshy 

limnic material 
low lying or mineral soil very poorly Palms 

p . . . . . . . . . . . . . . 2 depressions (3-10+) 12+ drained 5.1-7.3 low low Caron 

loamy sand or 
thin sandy loam sand and gravel excessively to low to 

SSWD ........... 1 rolling upland (1-3) (3-.20+) 3-6 well drained 5.6-7.3 low medium Estherville 

rolling to steep loamy sand sand and gravel excessively to low to 
SSWl ........... t* hilly upland (1-3) (3-20+) 3-6 well drained 5.6-7.8 medium medium 

depressional to 
gently sloping loam to clay loam to clay poorly and very low to Glencoe 

llPD ........... t* upland loam (4) loam (4+) 9-12 poorly drained 6.6-7.3 low medium Webster 

Water ........... 10 

• t =trace 
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HAYWARD-OWATONNA MORAINE, IRREGULAR, GENTLY ROLLING (35C) 

This region is of minor extent in the Twin Cities map 
area and is similar to the two previous regions. The ma
jor difference is 5 to 15 feet dominant relief of the hills 
compared to the stronger relief of the Prior Lake and 
Emmons-Faribault Moraines. Contour lines have a very 
erratic patten. 
erratice patten. 

This region is approximately 17,200 acres, less than 
1 percent of the map area. 

The lower level can normally be drained, except for 
deeply inset depressions. The depressions and old lake
beds are filled with peat; Water tables on the knolls are 
more than 10 feet deep. The water tables on the lower 
level range from above the surface to about 6 feet deep. 

The soil parent material is dominantly a loamy cal
careous till, but modified drift in the form of silts and 
clay occurs in some area. 

Original vegetation was tall prairie grass with some 
aspen-oak land and oak openings scattered over the re
gion. Wetter soils and peat were covered by sedge 
grasses. Less than 10 percent of this region is pasture, 
and less than 5 percent is woodland. 

Four soil landscape units are mapped in this region: 
LLWD; LLPD; LCPD; and P. Table 9 gives selected 
features of the units. Additional information follows: 

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

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

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

A small area of geomorphic region 36, the Northfield
Myrtle Moraine, is included on the Twin Cities map. 
This is located southeast of the Cannon River in Dakota 
County and is about 1,900 acres. 

Only one soil landscape unit occurs in this geomor
phic region, LLWD. A separate entry in table 9 provides 
information about this soil landscape unit. 

Table 9. Selected features of soil landscape units within the Hayward-Owatonna Moraine, Irregular, Gently Rolling (35C) geomorphic region 

Approximate 
Most common Moisture fertility in 

texture and thickness (feet) relationships rooting zone Significant 
Soil Percent Inches of soil series 

landscape geomorphic Landscape Rooting zone Substratum available water Drainage pH p K 
unit region position to 5 feet class 

Nicollet, 
well and Clarion 

gently rolling loam to clay loam to clay moderately well Lester 
LLWD ........... 59 upland loam (4) loam (4+) 9-12 drained 6.1-7.3 low medium LeSueur 

depressional to 
gently sloping loam to clay loam to clay poorly and very low to Glencoe 

LLPD ........... 15 upland loam (4) loam (4+) 9-12 poorly drained 6.6-7.3 low medium Webster 

silty clay loam 
nearly level to silty clay loam to clay low to 

LCPD ........... 13 upland (4) (4+) 9-12 poorly drained 6.1-6.5 medium medium Cordova 

limnic material 
low lying or mineral soil very poorly Palms 

p .............. 2 depressions organic (1-3) (3-10+) 12+ drained 5.1-7.3 low low Caron 

LLWD ........... 10 gently rolling low to Merton 
(Region 36) upland silt loam (2-4) loam to clay 9-12 well drained 6.1-6.5 medium medium Moland 
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ROCHESTER TILL PLAIN 
This large physiographic area is in southeastern Min

nesota east of the Owatonna and south of the St. Croix 
moraines. In the Twin Cities area, two geomorphic re
gions are within the Rochester Till Plain area: the Ken
yon-Taopi Plain; and the Harmony-Plainview Uplands. 
These geomorphtc regions are considerably older than 
others in the area. The absence of marshes and lakes 
and the development of a drainage network is evidence 
of this. 

KENYON-TAOPI PLAIN, SILTY, UNDULATING (38) 

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

This region is approximately 86,900 acres, 4.6 percent 
of the map area. 

Water tables vary seasonally from 1 to 10 feet deep. 
Depressions are few or nonexistent over much of the 
area. The drainage net is a well-established dendritic 
type, but few streams beyond the main trunks have in
cised the silty mantle. 

Prehistoric vegetation consisted of tall prairie grass 
on the west and south. On the east, aspen-oak land oc
curred, consisting of small dense stands of aspen and 
scattered oaks. Farther east and north, aspen-birch hard
woods occurred. This cover consisted mainly of aspen 

and birch, but included ash, elm, maple, oak, and bass
wood. 

Ten soil landscape units are mapped in this region: 
LLWD; RLWD; SSR; RSWD; SLWD; RLWL; P; 
SSWD; LLPD; and LLWL. Table 10 gives selected fea
tures of the units. Additional information follows: 

LL WD-About 10 percent of this unit consists of 
poorly drained soil. About 5 percent is light-colored. 
Some small areas indicated by sand and/or gravel sym
bols on the map are underlain by coarse material at 24 
to 36 inches in depth. 

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

SSR-This is an area with slopes mostly exceeding 35 
percent. A thin layer of silt or sand covers most of the 
unit. In some places, mappable soils have developed. 
However, there are many outcrops of solid limestone 
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and sandstone bedrock Fragments of limestone cover A small area of geomorphic region 40, the Red Wing-
much of the surface. La Crescent Uplands, occurs on the Twin Cities map. 

RSWD-Includes about 10 percent deeper soils. Un- This is a region of ridges and valleys extensive through-
derlying bedrock is sandstone. out southeastern Minnesota. About 3,200 acres occur on 

SL WD-About 5 to 10 percent of this unit has a the Twin Cities Sheet. Three soil landscape units occur 
loamy sand surface. in the region, and their features are given in table 10. 

Table 10. Selected features of soil landscape units within the Kenyon-Taopi Till Plain, Silty, Undulating (38) geomorphic region 

Approximate 
Most common Moisture fertility in 

texture and thickness (feet) relationships rooting zone Significant 
Soil Percent Inches of soil series 

landscape geomorphic Landscape Rooting zone Substratum available water Drainage pH p K 
unit region position to 5 feet class 

gently sloping Ostrander 
to moderately silt loam or loam or clay low to low to Racine 

LLWD ........... 52 sloping upland loam (4) loam (4+) 8-12 well drained 5.1·6.5 high medium Kenyon 

limestone, 
sandstone, and Dodgeville 

gently sloping loam, silt loam, shale bedrock Rockton 
RLWD ........... 29 to steep upland clay loam (1·4) (4+) 6-9 well drained 5.1-6.5 high medium Schapville 

limestone, sand- Frontenac 
silt loam, loam stone, bedrock Marlean 

SSR ............ 5 steep bluffs (1-3) (3+) 0-9 well drained 4.5-7.8 high medium Brodale 

steep, old land loamy sand sandstone bed- low to 
RSWD ........... 3 form, "islands" (1-3) rock (3+) 3-6 well drained 4.5-6.5 medium low Bellechester 

undulating to 
nearly level 
terraces or loam, silt loam sand and gravel low to Waukegan 

SLWD ........... 3 outwash (2-3) (3-20+) 6-9 well drained 5.1-7.3 medium low Dakota 

limestone, 
gently sloping loam, silt loam sandstone Dubuque 

RLWL ........... 2 to steep upland (1-4) bedrock (4+) 3-9 well drained 5.1-6.5 high medium Gale 

low lying mineral soil very poorly 
p .............. 1 depressions organic (1-3) (3+) 12+ drained 5.1-7.3 low low Palms 

nearly level to 
rolling upland loamy sand sand and gravel 

SSWD ........... .1 or outwash (1-3) (3-20+) 3-6 well drained 5.6-6.5 low low Sparta 

nearly level and 
depressional silt loam, silty loam or clay 

LLPD ........... 1 upland clay loam (4) loam (4+) 9-12 poorly drained 5.6-7.3 low medium Maxfield 

gently sloping loam or clay loam or clay low to 
LLWL ............ t* to steep upland loam (4) loam (4+) 9-12 well drained 5.1-7.3 high medium Renova 

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

limestone, 
sandstone Dodgeville 

RLWD ........... 51 sloping to steep shale bedrock Rockton 
(Region 40) upland silt loam (2-4) (4+) 6-9 well drained 5,1-6.5 high medium Schapville 

Port Byron 
LLWD ........... 47 gently sloping Tallula 
(Region 40) to steep upland silt loam (4) silt loam (4+) 9-12 well drained 5.1-7.8 high medium Timula 

LLWL ........... 2 gently sloping 
(Region 40) to steep upland silt loam (4) silt loam (4+) 9-12 well drained 4.5-7.3 high medium Seaton 

• t =trace 
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~~ARMOJr~Y-PUU~~VIEW UPlANDS~ SilTY, GENTlY ROlliNG (39) 

This region lies mostly to the south of the Twin Cities 
area sheet, but three small islands occur in Dakota Coun
ty. This region is approximately 13,600 acres, 0.7 percent 
of the map area. 

The Harmony-Plainview Uplands consist of a loess 
mantled plateau ranging from 1,100 to 1,300 feet above 
sea level. Slopes range from nearly level to steep near 
drainageways. Most topography is controlled by the un
derlying glacial till. Loess thickness ranges from 8 to 20 
feet. The loess probably was deposited during the main 
'Wisconsin glaciation. 

No lakes exist in this region. Water tables are nor
mally deeper than 10 feet in LL WD and from 1 to 4 
feet in the LLPD unit. 

Soil 
landscape 

unit 

Percent 
geomorphic 

region 

llWD ........... 95 

llPD ........... 5 

Landscape 
position 

gently sloping 
to moderately 
sloping upland 

nearly level and 
depressional 
upland 

During summer and fall, this area 
would not have ponded water. Poor 
land use decisions could be made 011 

the assumption of that dry condition. 
larger areas of these soils that are 
subject to wetness and ponding are 
identified with a P in the third letter 
position of the soil landscape unit 
Reference to detailed soil maps and 
onsite investigation are the best ways 
to evaluate these areas. 

Most common 
texture and tllick11ess (feet) 

Rooting zone Substratum 

silt loam to 
light silty 
clay loam (4) silt loam (4+) 

silt loam to 
silty clay loam loam to day 
(2·4) loam (4+) 

Original vegetation consisted taU prairie grass with 
marsh type (sedges) grass in the poorly drained soils. 

Two soil landscape units are mapped in this region: 
LLWD and LLPD. Table 11 gives selected features of 
the units. Additional information follows: 

LL WD-About 10 percent of the unit consists of 
poorly drained soils. 

LLPD-About 10 percent of this unit consists of weB~ 
drained soils. The glacial till underlying this unit is prob
ably within 4 to 6 feet of the surface. 

Moisture 
relationships 

Inches of 
a11ailable water Drainage 

to 5 feet class 

9·12 well drained 

9-12 poorly drained 

pH 

5.1·7.13 

5.6·7.3 

Approximate 
fertility in 

rooting zone 

p 

medium 
to high 

low 

Significant 
soil series 

Port Byron 
Timula 

medium Tallula 

Garwin 
medium Maxfield 



EASTERN ST. CROIX MORAiNE 
This physiographic area is a belt of relatively steep 

hills and relief up to 200 feet. It's located in the Lake 
~vfinnetonka area of Hennepin County, northem Dakota 
County, and northeastward through Ramsey and Wash
ington Counties, As previously mentioned, it formed at 
the southern limit of the Superior and Rainy lobes which 
brought red drift into Twin Cities area. The drift of 
the St. Croix Moraine is often mixed with that of the 
high H.me, gray material associated the Owatonna 
Moraines and the Grantsburg sub lobe, 

One geomorphic region, the Twin Cities Formation, 
is located in this physiographllc area. 

The Twin Cities Formation consists of irregular end 
and terminal moraines and ice distintegration features 
of sandy and textures. This formation is a complex 
mixture of gray and reddish brown It is a hetero-
geneous mixture of sand, silt, day, pebbles, cobbles, and 
boulders, but it contains lenses of predominantly silt and 
sand. 

This geomorphic region has an area of approximately 
355,700 acres, 18,7 percent of the map area. 

The landscape form consists of steep hills inter
spersed with deep depressions either filled with small 
lakes or peat. The relief ranges from 50 to 200 feet from 
hill base to hilltop. Contour lines have a very erratic 
pattern. 

Water tables are near the surface in the depressions, 
but are deeper than 10 feet on the hills. Most depres
sions are dosed and have limited drainage possibilities. 
Total water area in lakes and ponds is approximately 
21,400 acres. 

Kames and eskers are frequent among the and 
are sources of sand and gravel. 

Vegetation at the time of settlement has been de
scribed as "oak openings and barrens." This cover type 
consisted of mostly oak of various types. Frequently on 
the kames and eskers, the oaks have poor growth. 

Sixteen soil landscape units are mapped in the region: 
LLWL; SSWL; SLWL; P; SSWD; A; LSWL; SLWD; 
RLWD; SSPL; RSWD; LLPD; LLWD; LLPL; CLPD; 
and M. Table 12 gives selected features of units. Addi
tional information follows: 

LLWL-Includes about 10 percent soil with a loamy 
sand surface. Some small peat bogs are included. 

ll~o11e: Trees and the contour of the land had beer~ left rei a· 
tively undisturbed when houses were built in this lLWl area in Fridley. 
01Jlposite p<!ge, upper left: filling of low-positioned soils for urban 
use has been done in the Twin Cities area. Although 
many of these sites can be developed for an individual 

the aggregate effect of this practice is to increase water 
nmoff and to decrease the remove! of nutrients from water by wetland 
vegetation and soils. Upper wight: This is the Burnsville soil series 
which has in a moraine area where glacial range 
from sands and gravels to boulderso lower left: This land on the 
of a marsh is offered for sale. In the past, many people have 
considered this "waste land," but they are now starting to appreciate 
this type of land as valuable open space and wildlife habitat in an 
urban area. lower right: This soil has developed under forest 
tion from Superior lake till. The bright reddish·brown color of 
the subsoil indicates the soil is well-drained. 

SSWL-About 10 percent of the soils have a sandy 
loam or loam surfaceo 

SLWL-Includes about 10 percent soil with a loamy 
sand surface. 

P-Includes about 10 percent well-drained or poorly 
drained mineral soil. 

SSWD-Includes about 10 percent soils light-
colored surface. 

LSWL-Includes about 10 percent soil with loamy 
sand substrata. 

SL WD-About 10 percent of the soils have a loamy 
sand surface. 

RL WD-Old landforms of limestone and sandstone 
are frequently exposed along the Mississippi River in the 
Twin Cities area. 
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u<Ji!Jie 12. Sei®d~rl f!Wltllres of s11ii llmdstiiipe lllllits wi~~ii'l th{;l Twi11 Citie;) formation, loi!my, Romng geilmlllrphic 1eguorn 

Most common Moisture 
texture a11d thick11ess ('leet) relationships 

Soil 1'erce11t l11ches of 
la11!lscape geomorphic landscape Rooting zone Substratum a11ailal:Jie water Drainage pH i' K 

unit regiol1 position to 5 feet class 

Kingsley 
well and ~Iayden 

mlling to stee;J sandy loam to clay loam to moderately well Nessel 
LlWl ••••••• 0 ••• 55 hilly upland loam (3-4) loam (4-+) 9-12 drained 5J-6.5 medium medium freeon 

well to 
rolli11g to steep loamy san!:! sa11d and gra11el excessivelll well low to 

SSWL . . . . . . . . . . . 11 hilly upland (1-3) (3-20-+) 3-6 drained 5.6-708 medium medium Emmert 

loamy sand to 
loam to safitly loam low to Ornamia 

SlWl •. o o o, o• • o • 8 loam (3+) ::J.g well drai11ed 5.1-6.5 medium medium liingsley 

Seelyeville 
I' ... ' .......... 5 ~Jrga~ic (1-3) organic (!l+} 12-+ 5:1-7.3 low low Cathro 

nearly level to 
wiling upla11d loamy sand saml and to low to iluhi:Jan! 

SSW ill ' .......... 2 or outwash (1-3) gravel (3-20-+) 3-6 well 506-703 low medium Es!herville 

sand, sandy 
loam, 

stream bottoms silt loam, Alluvial soils 
to sa11ll, silt clay loam well to undiHere11ti-

A. 0 .. 0. 0. 0 0 0 0 0 .. 2 loam (15-20-+) 3-12 6.1-7.8 varial:lle variable atetl 

rolling to steep sand to low to Braham 
lSWL •••••••• 0 •• 1 hilly 11pland 3°6 well drai~ecl 501°6.5 meolillm medium Ki~gs!ey 

nearly le11el to 
gentllf rolling silt loam sand and gravel low to Dakota 

SLWD . . . . . . . . . . . 1 outwash (3-20-+) 6-9 well drained 5J-7.3 medium low Waultega11 

limestone, sand-
stone, and Dodgeville 

ge11tly sloping loam to clay shale bedrock Rocltton 
RlWD .... to steep uplaml loam (l-4) (4-+) 6-9 well drained 5.1-605 !ligh medium Schapville 

nearly level or sand sand and gravel liml 
SSPL 0 ... 0 0 0 0 0 0 0 0 1 depressional (3-20+) 3-6 pDorly drained 5.5-6.2 medium low Soderville 

steep, old land sand sandstone bed- low to 
RSIND . . . . . . . . . 1 form, "islands" rock (3+) 3-6 well drained 4.5-6.5 meditlm low Bellecllester 

loam to clay loam to clay low to Webster 
LLPIJ ........... loam (4) loam (4-+) 9-12 6.6-1.3 low medi11m Glencoe 

well and 
loam to clay loam to clay moderately well lester 

lLIND . . . . . . . . . . . t" rolling upland loam (4-) ioam (4-+) 9-12 drained 6.1-7.3 low medium le Slleur 

nearly level to 
gently sloping silt loam to loam to clay 

lLPl 0 .... 0 0 0 0 . 0 0 t'' upland clay loam (4) loam (4-+) 9-12 poorly drained 5.5-6.5 !ow low Dundas 

silty clay 
silt loam to loam to silty 

CLPD ... 0 0 0 ... 0 . . r' depressional clay loam (2-3) clay (3-+) 9-12 poorly drained 5.5-6.5 medium medium Unnamed 

1-4 feet 
of water 

low lying on 
M . . . . . . . . . . . . . . I'' depressions or or surface marshy 

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

* t = trace 
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ANOKA SAND PlAiN, UNDUlATI~JG (54) 

This physiographic area is a sand plain of approxi~ 
mately 600,000 acres located in Isanti, Anoka, 'Washing
ton, Chisago, and Sherburne Counties. The Anoka Sand 
Plain is an outwash plain formed during the retreat of 
the Grantsburg sublobe. The material making up the 
plain is principally fine sand. Depressions are common 
in the plain. These were formed when isolated blocks of 
ice later melted. These are now filled with peat deposits 
or are marshes and lakes. 

one geomorphic region occupies this physio
graphic area, the Anoka Sand Plain. 

This region is approximately 264,000 acres, 13.9 per
cent of the map area. 

The landscape form is that of a gently undulating 
plain. 

VVater tables are near the surface in the depressions; 
they are from 3 to 10 feet deep or more on the rises. 
Many depressions are closed. Total water area is ap
proximately 10,300 acres. 

On the well-drained sands, original vegetation was 
scrub oak, both red and scarlet. The poorly drained sands 
had mixed hardwood or sedges and marsh grass. Peat 
bogs had either sedges and marsh grass or tamarack. 
Present are corn, soybeans, oats, and extensive 
acreages sod and crops. Sod and vegetable 

Table 13. Selected featlmes of soil i~n~s!:ape Ull~fts within ihe tlmJka Slllld 

Most common 
texture and thickness (feel) 

Soil Percent 

truck crops are grown extensively on large drained peat 
and muck areas. A large bog area in northeast Anoka 

has been developed as a "Wildlife and waterfowl 
refuge. 

Eight soil landscape units are mapped: SSWL; P; 
SSPL; SSPD; A; M; LSWL; and LLWL. Table 13 gives 
selected features of the units. Additional information fol
lows: 

SSWL-Includes about 10 to 15 percent poorly 
drained soils. It also includes approximately 10 percent 
small peat areas. 

P-Includes many small sandy islands shown on the 
map by sand spot symbols. 

SSPL-Indudes about 10 to 15 percent well-drained 
soils. Some dark-colored soils are also included.. 

SSPD~Includes about 10 l:o 15 percent well-drained 
soils, 

Approximate 
Moisture fertility in 

relationships rooting zone Significant 
Inches of soil series 

landscape geomorphic landscape Rooting zone Substratum available water Drainage pH p K 
unit region position to 5 feet class 

nearly level to well to Zimmermarn 
gently rolling loamy sand excessively well Sartell 

SSWL ........... 64 outwash plain (1-3) sand (3-20+) 3-6 drailled 5.1-6.0 high low Anoka 

organic or 
low lying sandy mineral very poorly Rifie 

p . . . . . . ........ 22 depressions organic (1-3) soil 12+ drained 5.1-7.3 low low Markey 

loamy sand somewhat poorly Soderville 
SSPl •••• > •••••• 5 nearly level (1-3) sand (3-20+) 3-6 drained 5.1-6.2 medium low Uno 

poorly and some· 
nearly level loamy sand what poorly Isanti 

SSPD ....... 3 outwash plain (1-3) - sand (3-20+) 3-6 drained 5.6-6.5 low low Duelm 

sand, sandy 
nearly level sandy loam loam or loam well to poorly 

A ....... l stream bottom or loam (2-4) (4+) 6-12 drained 5.6-7.3 variable variable IBecker 

1-4 feet 
of water 

low lying either o1ganic 011 

M .............. depressions or mineral soil surface marshy 

loamy sand sanely loam to low to 
LSWl ........... t" roiling upland (1-3) loam (3+) 3-9 well drained 5.1-6.5 medium medium Braham 

silt loam to silt loam to 
nearly level clay loam silty clay moderately well 

llWl ........... t'' lake plain loam (4+) 9-12 drained 6.6-7.8 medium medium Dalbo 

Water ....... ' ... 3 

* t =trace 
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CliMATE OF THE TWiN CITIES SHEET AREA 

The climate of any land area is an extremely impor
tant resource component. Climate affects most of man's 
activities. 

Some general climate characteristics of this area are 
given in the eight diagrams. Isolmes are drawn through 
points of approximately equal Caution should be 
used in on these diagrams, however. 

The area a typical continental climate with 
extremes :in temperature from summer to winter. Total 
annual average precipitation varies from 27 inches to 
30 inches (figure 2). About 35 percent of the precipita
tion falls dming the summer (figure 3). 

The annual snowfall averages about 40 inches. This 
approximates 4 inches water content. Figures 4 and 5 
show that this area averages about 40 to 60 days with 6 
inches or more of snow on the and 15 to 30 
with over 12 inches. 

40 

40 

.!,!, number of days per year when snow is more than 6 
inches, 1950-1973. Twin Cities Sheet. Figure prepared by Donald G. 
Baker, University of Minnesota, and Earl Kuehnast, Minnesota State 
Climatologist, 1975. 

The average date of the last occurrence of frost in 
spring ranges from 2 to May 7 (figure 6); the first 
frost in the fall ranges Sept. 1 to Sept. 11 (figure 7 . 

Summer has typically warm and relatively 
Figure 8 shows that maximum temperatures in 

average between 84 o F. to 85° F. The minimum 
temperatures in July average between 59° F. to 63° F. 
(figure 9). 

One of the important of the climate is 
temperature and ~oisture range which occurs within 
the soH and within the air several feet above The 
nature of the soil, local topography, direction of slope, 
and vegetation all interact to modify long term air tem
perature averages. 

Additional information about the climate of the area 
is available from references listed at the end of the re
port, 

figure 5. Average number of per year when snow is more than 12 
inches, 1950-1973. Twin Cities Sheet. Figure prepared by Donald G. 
Baker, University of and Earl Kuehnast, Minnesota State 
Climatologist, 1975, 
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Figure 2: Annual average precipitation in inches, 1959-1972. Twin 
Cities Sheet Figure prepared by Donald G. Baker, University of Min
nesota, and Earl Kuehnast, Minnesota State Climatologist, 1975. 

Figure 6. Average date of last occurrence of 32°F. or lower in the 
spring. Twin Cities Sheet. Adapted form Technical Bulletin 243, Uni
versity of Minnesota Agricultural Experiment Station, 1963. 

11 

11 

Figure 3. Summer (June, July, August) average precipitation in inches, 
1959-1972. Twin Cities Sheet. Figure prepared by Donald G. Baker, 
University of Minnesota, and Earl Kuehnast, Minnesota State Clima
tologist, 1975. 

10/1 

Figure 7. Average date of first occurrence of 32°F. or lower in the fall. 
Twin Cities Sheet. Adapted from Technical Bulletin 243, University of 
Minnesota Agricultural Experiment Station, 1963. 

-27-



84 

84 

Figure 8. Average daily maximum temperature during July, 1951-1970. 
Twin Cities Sheet Adapted from Climatography of the United States. 
No. 60-31. U.S. Department of Commerce, 1972. 

Water and Soil Relationships 
Water resources of the Twin Cities area are of basic 

importance to the people and their way of life. Although 
the area has abundant and varied water resources, the 
concentration of population and industry in the metro
politan area puts a stress on the natural hydrologic sys
tems. Soils must be considered in a study of the hydro
logic system since they are the interlace between the 
land and the atmosphere. The nature of soils, together 
with man's modification of the land surface, are impor
tant in determining the route of precipitation in the hy
drologic cycle. 

Estimated rates of infiltration and runoff associated 
with various soils, slopes, and land cover would 'be use
ful, but this information is limited and beyond the scope 
of this report. 

However, the following table has been compiled from 
estimated soil permeability data to provide general in
formation about the range of this property by geo
morphic regions. Permeability refers to that quality 
which enables soil to transmit water and air.5 

The values given in the table were calculated on the 
basis of estimated permeability rates provided for indi
vidual soil series in Soil Conservation Service Soil Sur
vey Interpretations.6 A geomorphic region-weighted av
erage permeability rate was calculated on the basis of a 
• That rate is the "saturated hydraulic conductivity" of soil physics. 

For conventional engineering usage and traditional usage in pub
lished soil surveys, this rate of flow-principally downward-
continues to be expressed as "permeability." · 

• Form 5, N-27853. Soil Survey Interpretations, Brief Soil De
scriptions. Soil Conservation Service, U.S.D.A. 

59 

61 

60 

Figure 9. Average daily minimum temperature during July, 1951-1970. 
Twin Cities Sheet Adapted from Climatography of the United States. 
No. 60-21. U.S. Department of Commerce, 1972. 

midrange value for the soils in a soil landscape unit. 
These rates were compiled into a geomorphic region
weighted average rate for the region on the basis of the 
relative acreage of soil landscape units in each region. A 
separate estimate was made for the sudace and sub
stratum soil horizons. Peat and marsh areas were ex
cluded from the calculations. 

Table 14. Estimates of average permeability rates of soils by geomor-
phic regions 

Percentage 
of area 

Geomorphic lnchesjhour accounted 
region Surface Substratum for 

Mississippi Valley Outwash (29) .. 5-6 12-13 90 
Cannon Valley Outwash (30) ..... 4-5 11-12 89 

Minnesota Valley Outwash (32) .... 5-6 7-8 95 

lonsdale-lerdal Till Region (33) .. 1-2 1-2 86 

Waconia-Waseca Moraine (34) .... 1-2 1-2 91 

Prior lake Moraine (35A) ........ 1-2 1-2 95 

Emmons-Faribault Moraine (35B) .. 1-2 1-2 81 

Hayward-Owatonna Moraine (35C) .. 1-2 1-2 98 

Kenyon-Taopi Till Plain (38) ..... 1-3 1-3 89 

Harmony-Plainview Upland (39) ... 1-2 1-3 100 

Twin Cities Formation (45) ....... 1-2 3-4 82 

Anoka Sand Plain ............. 12-14 12-14 72 
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SURFICIAL GEOLOGY OF THE 
TWIN CITIES SHEET AREN 

Radiocarbon dates calculated from the cores of lakes 
in the Twin Cities area sheet indicate that the glacial ice 
retreated from the area at least 13,000 years ago. The 
ice had modified the landscape by filling the pre-existing 
bedrock valleys of the Mississippi and St. Croix Rivers, 
depositing moraines and sand plains, and dotting the re
gion with lakes. Well-logged data indicate an average 
drift thickness of 100-200 feet, with a maximum of 560 
feet south of Fort Snelling near Jensen Lake. 

The bedrock is characterized by Paleozoic sedimen
tary formations, expressed as a roughly circular struc
tural basin in the Twin Cities area. The Hinckley and 
Jordan sandstones act as the major aquifers for the met
ropolitan area. They receive hydrologic recharge where 
these formations outcrop at or near the surface. Lake 
Minnetonka and White Bear Lake are two sites where the 
subcropping aquifers receive recharge waters. In addi
tion, water percolating through permeable glacial depos
its ultimately enters these water-bearing units. 

Deep bedrock channels were incised into the sub
glacial landscape by preglacial and interglacial rivers. 
The complex pattern of abandoned bedrock valleys is 
apparent on the surface as strings of lakes, representing 
masses of buried ice within the drift that have filled the 
channels. 

The glacial deposits of the Twin Cities sheet area can 
be classified by source area and relative age. Ice that ac
cumulated in the Lake Superior Basin transported red 
sandstone and an admixture of igneous rocks from the 
northeastern portion of the state. Superior lobe drift is 
reddish in hue and is noncalcareous. Ice that advanced 
from the northwest Des Moines lobe carried materials 
entrained from the limestones and dolomites of Manitoba 
and northwest Minnesota, producing buff-colored cal
careous drift. 

The landforms associated with the Superior lobe 
were primarily constructed during the St. Croix phase 
of Wisconsin glaciation about 20,000 years ago. The St. 
Croix Moraine is traceable from the Lake Minnetonka 
vicinity through St. Paul to Stillwater. Its till is desig
nated as the Twin Cities Formation ( 45). Beyond the 
terminus and along the margins of the meltwater out
lets, extensive deposits of outwash sand and gravel ac
cumulated. The Mississippi Valley Outwash ( 29) is 
expressed as river terraces and outwash plains graded 
to those terraces. 

Drift of the St. Croix phase in this region is exten
sively buried beneath the younger drift deposited about 
16,000 years ago by the Des Moines lobe and its asso
ciated Grantsburg sublobe. The Des Moines lobe ad-
• This section was prepared by Stanley Chernicoff, Minnesota Geo

logical Survey. 

vanced along the bedrock lowland of the Red River and 
the Minnesota River to an eastern limit at the Prior Lake 
Moraine ( 35A). The Grantsburg sublobe branched east
ward from the Des Moines lobe, entering the Minneapo
lis Lowland and advancing to Grantsburg, Wis., where 
it constructed a small terminal moraine. As it proceeded 
northeastward, this sublobe partially overrode the re
cently deposited St. Croix Moraine. The mixture of these 
two dissimilar drifts is the Twin Cities Formation ( 45). 
The drift of the Grantsburg sublobe locally modified the 
topography left by the Superior lobe. 

Meltwaters coursing from the wasting Grantsburg 
sublobe constructed the extensive Anoka Sand Plain 
(54). This feature, as observed on aerial photographs, 
was apparently formed by braided streams flowing adja
cent to the ice margin. River braids, sand dunes, and iso
lated till islands provide positive relief to the sand plain. 
Lakes and marshes, indicating the former presence of 
buried blocks of stagnant ice, produce negative relief 
characteristics. 

After the Grantsburg sublobe had advanced to its 
maximum position, the Des Moines lobe proper diverted 
the main flow of ice southward into the Des Moines 
River Valley in Iowa. The Lonsdale-Lerdal Till Region 
(33) and the Waconia-Waseca Moraine (34) represent 
the surface expression of Des Moines lobe activity. 
These areas are essentially ground moraine. Subsequent 
disintegration of this ice produced the flat-topped hills 
that dominate the landforms of these two regions. It has 
been suggested that these hills, with shallow depressions 
in their centers, were formed by mud flowage off the 
adjacent ice. An alternative hypothesis cites upward 
squeezing of saturated till under the confining pressure 
of ice surrounding thin or perforated ice. 

Deposits that appear to be older than all the drifts 
already described are located in southern and eastern 
sections of the area. Most recently, these deposits have 
been referred to the Kansan glaciation. The soils subse
quently formed on this drift were removed by erosion 
before the area was covered by loess (windblown silt) 
winnowed from Mississippi Valley outwash deposits ( 29) 
and from local glacial streams. The loess generally thick
ens to the east in Wisconsin. This distribution indicates 
that the prevailing winos during Wisconsin time were 
predominantly from the west. These silts mantle the Ken
yon-Taopi Plain ( 38), an eroded till plain, and the Har
mony-Plainview Uplands ( 39) in Dakota County. 

In general, drifts assigned to the main Wisconsin 
glaciation are relatively little eroded and are character
ized by numerous undrained depressions. The Twin Cit
ies Formation (45), the Waconia-Waseca Moraine (34), 
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Table l:i 11 ""'""'"'""""'.~" e11gi111aering classifilf:illtion of materitJJ!s at tile surla ce 1!11~ 21t ~ lee'i in the S!llil 
Sheet 

Soil 

lll'lit S!lrfo:ce 

SSIIJL .. 00 ...... . 

SlWl .......... . 
SLPD, SLPL 00 ......... . 

LSWL ................ . 
LlWD ...... 00 ....... ., A-7 
llWL .... 00., .. • • ..... ~.-2-4, P1-6 

llPD ................. A-4, A-7 
llPl ......... A-2-4 

LCPD 
RlWD 
RLPD 

lCWL .. 00 ....... ft,-6, A-7 

RLWL . . 00 .. .. .. • .. • .. t\-6 
RSWD ........ ., .. .. .. . 1\-2-4 
SSR .................. Variable 

R ..................... Bedroc!: 
A ................. Variable 
p ..................... l~-8 

MSH0 1 

5 feet+ 

A-2-4 
A-1, A-2, A-3, 1~.-2-4 

A-1, A-2, ,&,-2-4 

,4-4, A-7 
Bedrock 
Bedrock 

Bedrock 
Bedrock 
Bedrock 

Bed mel< 
Variable 
A-8 

1 America11 Associatio~ of State Standard Specificatiol1 for 
" Experiment Station. Corps The Unified Soil Classification 
3 The 1 to 2 ieet of these soil units has considerable orga nic 

removed alld stockpiled for use as topsoil on cuts a~d embankments. 

and. Anoka Sand Plain (54) are examples of more 
recently formed. Areas associated. with older 
drifts are more weathered. Landforms con-

subsequently been reduced 
surfaces. The Kenyon-Taopi Plain 

such erosion of a pre-VVisconsin 

Postglacial modifications has been 
primarily restricted to river and lakeshores. The 

Unified2 

Surface 

Variable 

Bedrock 
Variable 
P+ 

SM 
Cl8 

Ml.,Cl 
11/lL-CL 

1\1111-CH 3 

MH-GI·P 
ML-Cl 

Ml, MU.:L 
Sf't~ 

5 !eet+ 

Ml 

CL 

Ml-CL, MH-CH 
Bedrock 
Bedrock 

Bedrocl1 
Bed roci{ 
Bedroc!1 

Bedrock 
Variable 
P+ 

Materials and Methods of anol Testing, 1961. 
Tech. Memo. 3,357, Vol. 2, 

llnilied Classificatioll is Ol or OH. This material should! be 

Mississippi, and St. Croix rivers had readjust
ed to the diminished discharge that resulted from the re
moval of meltwaters from their drainage basins. 
The fommtion of St. Croix resulted from damming 
ai: Point Douglas as the sedimentation rate the Missis-

Short des«:ri\[!Nm1 [jif soil series classii'iP~~ at the sllilgrw:m!il !elf~el 

River that of the St. Croix. Kettle holes 
formed in moraines and outwash as stagnant ice 
blocks melted. These depressions become the 
basins that dominate the landscape throughout the Twin 
Cities sheet area. 

iNfORMATiON !FOR THE IENmNIEER 
Because of the nature of the soil landscape 

units which include several major and minor soil series, 
it is impractical to give spedfic engineering information, 
such as particle liquid l:imit, plasticity index, percola
tion rate, shrink-swell potential, corrosivity, and bearing 

soil 16 over 
Olmnerlts, very ( Ter-

rie Medisaprist). 
recent al

drainage 

Becker-Flood plain soils that are and moderately 
well-drained with loam, or silt loam 24 
to 48 inches thick over sandy loam, loam, or silt loam 
(Typic Hapludoll) . 
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BeUechester-Dark-coiored, weB-drained, loamy 40 
to 70 inches thick over sandstone bedrock (En tic 
Hapludoll), 

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

Braham-Light-colored, well-drained, fine sand 
about 2,4 inches thick, over clay loam or loam 
about 18 inches thick, over calcareous loam till (Are
nic Eutrochrept). 

Brickton-Light-colored, well-drained, silt loam to silty 
loam 48 inches over loam to day 

loam lacustrine sediments (Mollie Ochraqualf . 
drained loam and silt 

loam formed in colluvium residuum from lime
stone bedrock. Soil is 8 to 20 inches thick over lime-
stone (En tic ) . 

loam about 
thick over 
(Typic Hapludalf . 

drained, sandy 
over loam about 7 inches 

coarse sand and gravel. 

Caron-Organic soil 
material, very poorly 
Medihemist), 

inches 
drained to 

over Iimnic 
(Limnic 

from highly decom
is underlain by loamy 

mineral material at 16 to 50 inches. It is black in color 
and. very poorly drained Terrie Borosaprist . 

Chaska-Formed in loamy on Hood and 
higher bottomlands, drained loam or silt loam 
24 to 48 inches over sandy or silt 
loam (Mollie Fluvaquent 

40 inches thick over 
ludoli). 

Colo-Dark-colored, poorly 
Cumulic HaplaquoH). 

loams about 30 to 
loam till (Typic Hap-

day 1oam al-

drained, silty day loam 
(Cumulic 

Cordova-Dark -colored, 
drained, clay loam over 
Argiaquoll). 

) . 
to somewhat 

loam till 

Copaston-Dark-colored, well-drained, loam or silt loam 
20 to 40 inches thick over bedrock (Lithic Haplu .. 
doll). 

Dakota--Dark-colored, -Nell-drained, loam or sandy loam 
over loam to about 24 to 40 inches over sand contain
ing a few pebbles (Typic ArgiudoH). 

well-drained, dark-colored, medium 
acid silt loam subsoils are silty clay loams, un-
derlain calcareous lacustrine silty and clayey sedi-
ments at to 30 inches ( Aquic Eutroboralf). 

Dickinson-Dark-colored, well .. to somewhat excessively 
drained, loamy sand 12 to 36 inches over sand 
( HapludoH). 

Dickman-Dark-coiored, well-drained, loamy sand 12 to 
36 inches thick over sand (Typic Hapludoll). 

Dodgeville-Dark-colored, well-drained, silt loam about 
15 to 30 inches thick over silty day loam or clay 
about 20 inches thick over weathered limestone ( 

Argiudoll). 

Dorchester-Dark-colored, moderately well-drained, cal
careous silt loam over stratified silt loam and 

(Typic U difluvent , 
Dubuque-Light-colored, silt loam to light 

silty loam 21 to 40 inches thick over limestone 
(Typic Hapludalf), 

Duelm-Dark-colored, poorly drained, medi 
um acid sandy loam soils over medium sand at 18 to 
24 inches. Sands are limy below 4 to 5 feet ( Aquic 
Ha plo boron) . 

Dundas-Light-colored, somewhat 
drained, silt to day loam about 
over loam ( U doilic Ochraqualf). 

to poorly 
inches thick 

Emmert-Light-colored, well- and ·weB-
drained sandy soil developed over loam sandy 
loam material The soil is usually leached of carbon
ates to a depth 24 to 50 inches (Typic U dorthent) . 

Erin-Light-colored, well- and moderately well-drained 
soils developed from limy glacial till in which shale 
fragments are common. Depth to free carbonates is 
typically 40 to 60 inches ( Glossobori.c HapludaH). 

Estherville-Dark -colored, slightly acid 
sandy loam with loam subsoil over limy coarse 
sand and below 15 to 24 inches ( Haplu
doll). 

Etter-Dark -colored, 
ly acid loam or 
sandstone at about 24 
doll). 

to drained, slight
loam over loam subsoil over 
to 36 inches (Typic Haplu-

Faxon-Dark-colored, drained silt 
loam to day loam by calcareous loamy sedi-
ments over limestone bedrock (Typic Hap1aquoH). 

Freeon-Light-colored, moderately weU-drained soH de
in a thin silt mantle over sandy loam to loam 

till Aerie Glossaqualf) . 
Frontenac-Formed on loess and residuum from lime

weU-drained silt loam and loam 12 to 36 inches 
thick over limestone colluvium (Typic 

Gale-Light-colored, well-drained, slightly acid silt loam 
about 8 inches thick over medium acid silt loam to 
light clay loam subsoil grading to medium acid 
sand over sandstone bedrock at 40 to 60 inches ( Ty-

Hapludalf). 
Garwin-Dark-colored, drained, silty clay loam 

over silty clay loam subsoil over silty loess (Typic 
Hap1aquol1). 

very poorly drained, clay loam 
about 24 to 3.5 inches thick over loam grading to cal-
careous loam till ( Cumulic HaplaquoH) 

Hayden--Light-colored, well-drained, loam over 
acid loam over calcareous loam till 
pic 

Hubbard-Dark-colored, somevvhat excessively drained, 
slightly to medium acid loamy coarse sand about 14, 
inches thick over slightly acid coarse sand ( U dorthen
tic HaploboroH). 

Huntsville-Dark-colored, well- to moderately well
drained mildly alkaline silt loam about 54 inches 
thick over mildly alkaline loam alluvium ( Cumulic 
Hapludoll). 
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!sari-Dark-colored, poorly drained, loamy sand 12 to 36 
inches thick over sand (Typic Haplaquoll). 

Isanti-Dark-colored, poorly drained, loamy fine sand 12 
to 36 inches thick over fine sand (Typic Haplaquoll). 

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

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

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

Kilkenny-Dark-colored, well-drained loamy soils devel
oped from limy shaly glacial till. Free carbonates oc
cur from 36 to 64 inches in depth (Mollie Hapludalf). 

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

Lester-Moderately dark-colored, well-drained, medium 
acid light clay loam about 13 inches thick over me
dium to slightly acid clay loam subsoil over calcare
ous loam till (Mollie Hapludalf). 

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

Lino-Moderately dark-colored, somewhat poorly drained 
loamy fine sand over medium or fine sand ( Aquic 
U dipsamment). 

Markey-Wet, organic soil about 36 inches thick over 
sandy sediments, very poorly drained (Terrie Boro
saprist). 

Marlean-Dark-colored, well-drained silt loam and loam 
12 to 36 inches thick formed from loamy glacial ma
terial overlying fragmented limestone (Typic Haplu
doll). 

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

Maxfield-Dark-colored, poorly drained silt to silty clay 
loam about 48 inches thick over loam or clay loam 
(Typic Haplaquoll). 

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

Milaca-Light-colored, well-drained, with a fragipan be
ginning at depths of 14 to 24 inches, loam to sandy 
loam 36 to 48 inches thick over sandy loam (Typic 
Fragiochrept). 

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

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

Mora-Light-colored,, moderately to well-drained, with 
a fragipan beginning at depths of 18 to 32 inches, 
sandy loam to loam about 48 inches thick over sandy 
loam ( Aquic Fragiboralf). 

Nessel-Light-colored, moderately well- to well-drained 
loam to clay loam about 36 inches thick over loam 
( Glossaquic Hapludalf). 

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

Nymore-Moderately dark-colored, well-drained me
dium acid loamy sands 6 to 18 inches thick over fine 
and medium sand. Limy sand occurs below 4 to 6 feet 
(Typic U dipsamment). 

Onamia-Light-colored, sandy loam soil from 24 to 40 
inches in depth. It is underlain by gravelly coarse 
sand (Typic Eutroboralf). 

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

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

Palms-Organic soil underlain by loamy mineral ma
terial at 16 to 50 inches. Soil is neutral throughout 
(Terrie Medisaprist). 

Plainfield-Light-colored, excessively drained, medium 
acid loamy sand to sand about 20 inches thick over 
strongly acid medium and coarse sand about 28 
inches thick over strongly acid fine and medium sand 
(Typic U dipsamment). 

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

Racine-Moderately dark-colored, well-drained, slightly 
acid silt loam about 16 inches over medium acid loam 
about 30 inches thick over calcareous loam till (Mol
lie Hapludalf. 

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

Rifle-Wet, organic soil over 36 inches thick, very poorly 
drained (Typic Borohemist). 

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

Sartell-Light-colored, well to excessively drained, fine 
sand throughout (Typic U dipsamment). 

Schapville-Dark-colored, well- to moderately well
drained, neutral silt loam about 8 inches thick over 
medium to slightly acid silty clay loam about 14 
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inches thick, grading to calcareous heavy silty clay 
shale (Typic Argiudoll). 

Seaton-Light-colored, well-drained, slightly to medium 
acid silt loam about 20 inches thick over medium acid 
loam about 40 inches thick over slightly acid silty 
loess (Typic Hapludalf). 

Seelyeville-Organic soil developed in highly decom
posed, herbaceous materials that are more than 50 
inches thick. It is very poorly drained and dark-col
ored (Typic Boros a prist). 

Soderville-Light-colored, somewhat poorly to poorly 
drained, loamy fine sand 12 to 36 inches thick over 
sand ( Aquic Glossoboralf). 

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

Tallula-Dark-colored, well- and moderately well-drained 
silt loam to light silty clay loam about 48 inches thick 
over silt loam (Typic Hapludoll). 

APPENDIX B 

Status of County Soil Surveys in the Twin Cities area 

Total-land Acres 
County Status acres mapped 
Anoka Field work complete 272,000 272,000 
Carver Report available 229,120 229,120 
Dakota Report available 365,440 7,040 

Resurvey underway 
Hennepin Report available 361,600 279,023 
Ramsey Field work in progress (1977) 102,400 

Scott Report available 225,280 225,280 

Washington Field work in progress (1977) 249,600 17,440 

County Soil Survey Reports are available for the 
counties as listed. Those out of print are in libraries. 
Soils information for those counties in which field work 
is complete, but maps are not published, can be ob
tained from the local District Field Office of the Soil 
Conservation Service. Expected completion dates are in 
parentheses. Map publication usually follows this date 
by 2 to 3 years. Copies of available County Soil Survey 
Reports may be obtained from one of these sources: 
1. Local District Field Office of the Soil Conservation 

Service; 
2. Local County Extension Agent; 
3. Soil Science Department, University of Minnesota, St. 

Paul 55108. 

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

Wadena-Dark-colored, well-drained neutral to slightly 
acid loam about 30 inches over slightly acid sandy 
loam about 5 inches thick, grading to calcareous 
coarse sand and fine gravel at about 35 inches (Ty
pic Hapludoll). 

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

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

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

GLOSSARY 

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

Calcareous-Material having a high percentage of lime 
carbonate. · 

DriftP(glacial drift)-Any deposit in a glaciated area 
ot:iginating as a result of glaciation. 

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

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

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

Lacustrine-Deposits formed on the bottom of lakes. 
Limnic materials-Materials deposited in fresh water 

lakes and consisting primarily of chemical and bio
logical precipitates and partly decomposed aquatic 
organisms. 

Limy-See calcareous. 
Loess-A geological deposit of relatively uniform, silty 

material transported to its present position by wind. 
Melt water-The water which flows on, in, or out of a 

glacier. 
Moraine-Unconsolidated rock and mineral debris de

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

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

Six classes of natural drainage are recognized in 
this report: 

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

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

Moderately well drained soils commonly have a 
moderately and slowly permeable layer in or imme
diately beneath the rooting zone. They have uniform 
color in the upper rooting zone· and are mottled be
low 16 to 20 inches. 

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

Poorly drained soils are wet for longer periods. 
They are dark gray or black and are generally mot
tled within a depth of 18 inches. In some soils, mot
tling may be absent or nearly absent. 

Very poorly drained soils are wet nearly all the 
time. They have a dark-gray or black surface layer 
and are gray or light gray, with or without mottling, 
in the rooting zone below the surface soil. 

Organic soil-All soils which have more than 16 inches 
of material with more than 25 percent organic matter. 

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

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

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

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

pH 
Extremely acid . . .. .. . .. . .. . .. . .. . . below 4.5 
Very strongly acid .................... 4.5·5.0 
Strongly acid .. .. .. .. .. .. .. . . .. .. .. .. 5.1-5.5 
Medium acid .. .. .. . .. . .. .. . .. . .. . .. . . 5.6·6.0 
Slightly acid ......................... 6.1-6.5 -

Neutral .............................. 6.6-7.3 
Mildly alkaline ....................... 7.4-7.8 
Moderately alkaline . . . . . . . . . . . . . . . . . . . 7.9-8.4 
Strongly alkaline . . . . . . . . . . . . . . . . . . . . . 8.5·9.0 
Very strongly alkaline . . . . . . . . . . . . . . . . . . 9.1 and higher 

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

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

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

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

Surface soil-Ordinarily, the plow layer or the surface 5 
to i2 inches. 

Terminal moraine-Glacial debris heaped in the form of 
a belt or zone of hills and basin at the terminus 01 

margin of a glacier. It marks the maximum extent of 
the ice during a major advance. 

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

Texture, soil-The relative proportions of sand, silt, and 
clay particles in a mass of soil. The 3 basic textural 
classes follow in order of increasing proportion of fine 
particles: 
S-sand and loamy sand (also includes gravel). 
L-sandy loam, loam, silt loam, silt, sandy clay loam, 

and clay loam. 
C-silty clay loam, sandy clay, silty clay, and clay. 

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

Till plain-See ground moraine. 

SELECTED REFERENCES AND SOURCES OF ADDITIONAL 
INFORMATION OF PHYSICAL RESOURCES OF THE TWIN CITIES 

METROPOLITAN SHEET -MINNESOTA SOIL ATLAS 
SOILS 

Soil survey reports have been published, date of is
sue in parentheses, of these counties: Anoka (to be pub
lished in 1976); Carver ( 1968); Dakota ( 1960); Henne
pin (1974); Ramsey (1914); Scott (1959); and Wright 
( 1968). 

If still in print, copies are available from yonr county 
extension agent or from the Soil Science Department, 
University of Minnesota, St. Paul 55108. 

Physical Land Conditions in Washington County, 
Minnesota. United States Department of Agriculture, 
Soil Conservation Service. Physical Land Survey No. 36, 
Issued 1944. S"' 

Soils of the Twin Cities Metropolitan Area and their 
relation to urban development. Hanson, Lowell D., Clem
ent D. Springer, Rouse S. Farnham, Alex S. Robertson, 
and Evan R. Allred. Agr. Ext. Serv. Bull. No. 320, 1966. 
Bulletin Room, University of Minnesota, St. Paul, Min
nesota 55108. R 

Soil Maps, 1974. Environmental Planning Information 
Series. Minnesota State Planning Agency, 100 Capitol 
Square Building, St. Paul, Minnesota 55101. F 

"The availability of these materials is indicated by code: F-copy 
free on request; S-a limited number of copies available ~or 
free distribution; C-charge made; R-reference only at c;>ffice 
indicated or at libraries. Geological Survey reports ar«: availabl.e 
at 1633 Eustis Street St. Paul, Minnesota 55113; Wmchell LI
brary, Pillsbury Hall,' and ":'alter Library, U~versity of M~nne
sota, Minneapolis 55455. Sml survef re~orts hst«:d are available 
in the St. Paul Campus Library, Umversity of Mmnesota, 55108. 

-34-



Soils of the Cedar Creek Natural History Area, 1974. 
Grigal, D. F., L. M. Chamberlain, H. R. Finney, D. V. 
Wrobleski, and E. R. Gross. Misc. Rpt. 123. Minnesota 
Agricultural Experiment Station, University of Minn., St. 
Paul 55108. F 

Soils of Minnesota, 1963. H. F. Ameman. Extension 
Bulletin 278. Agricultural Extension Service, University 
of Minn. St. Paul 55108. F 

Water 

IvHnnesota' s Lakeshore-Resources, Development, 
Policy Needs. Part I. Statistical Summary. Part H. Cen
ter for Urban and Regional Affairs, University Minne
sota, 1970. S 

Some Aspects of Hydrology of Ponds and Small 
Lakes. Manson, P. W., G. M. Schwartz, and E. R. Allred. 
Minnesota Agricultural Experiment Station Technical 
Bulletin 257. 1968. S 

Background Information for Framework Statewide 
V\/ater and Related Land Resources Planning in Minne
sota. Minnesota State Planning Tech. Bull. No. 
2, June 1969. H 

Minnesota 'vVater and Related Land Resources: A 
First Assessment. Minnesota State Planning 
1970. H 

Alternate Programs Projects for Managing Min-
nesota's vVater and Related Land Resources Through 
the Year 2020. Minnesota State Planning Janu
ary 1971. R 

l\!l:innesota Water and Related Land Resources Infor
mation Programs. Minnesota State Planning 
1972. R 

Policies for Planning: An Issue 
State Planning Agency, June 1972. R 

Sanitation 

Minnesota 

Ordinance and Code Hegulating Individual Sewage 
Disposal Systems Recommended by the Minnesota De
partment of Health, 1971. Division of Environmental 
Health, 717 Delaware Street, S.E., :Minneapolis 55440. 

Standards for Design of SoH Absorption Type Dis
posal System for Public Establishments. Minn, DepL of 
Health Section of Water Supply and Gen. Eng., 1962, 
University of Minnesota, Minneapolis 55440. F 

VV ater Well Construction and Amendments to 
Regulations Relating to the Licensing of Water Well 
Contractors, Adopted the Minnesota State Board of 
Health on Aprilll, efective 15, 1974. 

Geoh1gy 

Glaciation of Minnesota and Iowa. Wright, H. E. and 
R V. Ruhe, 1965, in The Quaternary of the United States, 
edited by Wright, H. E. and D. G. Fey, Princeton Uni-
versity Press, Princeton, p. 29-41. C 

Physiography of Minnesota in Geology of Minnesota: 
A Centennial Volume. Wright, H. 1972. Edited by 

P. K. Sims and G. V. Morey. Minnesota Geological Sur
vey. Chapter VII. C 

Bedrock Geologic Map of IvHnneapolis, St. Paul and 
Vicinity, 1965. Payne, C. Marshall. Misc. J'viap Series M-1, 
Minn. Geol. Survey. C 

Minnesota's Rocks and '?Vaters, A Geologic Story, 
1963. Schwartz, G. M. and G. A. ThieL Bulletin No. 37, 
Minn. Geol. and University of Minnesota Press. C 

Surficial Geology of the New Brighton Quadrangle, 
Minnesota, 1966. Stone, J. E., G.M-2, Minn. Geol. Survey, 
University of Minnesota. C 

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

Tunnel VaHeys, Glacial Surges, and Subglacial Hy-
drology of Lobe, Minnesota, 1973. Geological 
Society of America, Memoirs 136. C 

Geologic Maps, 1974. Environmental Planning Infor
mation Series. Minnesota State Planning Agency, 100 
Capitol Square Bldg., St. Paul 55101. F 

Topographic 1974. Environmental 
Information Series. Minnesota State Planning Agency, 
100 Capitol Square Bldg., St. Paul 55101. F 

CLIMATE 

Climate of Part I. Probability of Occur-
rence in the Spring and Fall of Selected Low Tempera-
tures. Baker, Donald G., and H. Strub. Minne-
sota Agricultural Technical Bulletin 
243, 1963. F 

Climate of Part H. The Agricultural and 
Minimum Temperature-Free Seasons. Baker, Donald G., 
and Joseph H. Strub. Minnesota Agricultural Experiment 
Station Technical Bulletin 245, 1963. F 

Climate of Part III. and Its 
Application. Baker, Donald and Joseph H. Strub. 
Minnesota Agricultural Experiment Station Technical 
Bulletin 248, 1965. H 

Climate of Minnesota, Part IV. Spring Soil Tempera-
tures. Baker, Donald and Joseph H. Strub. Minnesota 
Agricultural Experiment Station Miscellaneous 
67, 1966. R 

Climate of Minnesota, Part V. Precipitation Facts, 
Normals, and Extremes. Baker, Donald G., and Joseph H. 
Strub. Minnesota Agricultural Experiment Station Tech
nical Bulletin 254, 1967. R 

Climate of Minnesota, Part VI. Solar Hadiation at St. 
Paul. Baker, Donald G. Minnesota Agricultural Experi
ment Station Technical Bulletin 280, 1971. F 

Climate of Minnesota, Part VII. Areal Distribution 
and Probabilities of Precipitation in j\;1inneapolis-St. Paul 
Metropolitan Area. Balcer, Donald and EarlL Kuehn
ast, Minnesota Agricultural Experiment Station Technical 
/Bulletin 1973. F 

Snow Cover and Vv'inter Soil Temperatures at St. 
Paul, Minnesota. Baker, Donald G. Bull. 37. Water Re
sources Research Center, 1971. F 
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