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FOREWORD

Since the rise of Dokuchaev's school of soil
science so0il elassification has been recognized as a
separate branch of science. Its object of study is the
80il, oonsidered as a dynamic body, under the influence of
natural forces. The action of climate, vegetation, and other
agencies upon the surface of the earth has produced soil
bodies with certain characteristics, On the basis of these
characteristics the classification is made. The soil
itself, as the product of soil-building forces aocting upon
the formations, is fha object of classification.

The soils of Bayfield County, Wisconsin, have been
studied in order to determine something of their character
and how they are to be classified.
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Description of Bayfield County

Bayfield County is located in the northwestern
part of Wisconsin on the south shore of Lake Superior.
The county has an area of about 1497 square miles. The
present drift is of the Wisconsin period of glaciation.
The principle geological features are (Figure 1):

(1) The Iake Superior Lowland ococupying & continuous

belt bordering Lake Superior. The body of the material

is heavy lacustrine clay, covered in a few places with

a thin layer of sand. (2) A large, sandy, interlodate
moraine forms the centre of the peningula, This is
locally known as the Bayfield Ridge. (3) Terminal and
grand moraines in the southern part of the county are
composed of stony, clayey till. (4) Sandy outwash benches.
The material forming the drift is largely of sandstone

and acidic igneous rocks, high in 1ron.1

Climatioc conditions are quite similar to those of
Denmark, Sweden and central Finland exocept that there is
more variation from the mean. The principle features of

)
the climate are a mean temperature of about 40 F, an

1. FPor discussions of the geology of this area see (6)
(10) (21) anda (27).
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average annual precipitation of about 28 inches, a
snowfall of a little more than 50 inches, & mean
relative humidity of between 70 and 85 percent, about

54 percent sunshine for the year, and a relatively low
evaporation. The temperature of a belt near ILake
Superior is ldwer in summer and higher in winter than
the land more distant; but the mean annual temperature is
the same. Compared to the remaining area the climatic
conditions of this belt more nearly approach those of the
region of highly developed Podsol soils in northern
Europe. (3) (9) (29)
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Soils

The region of the Podsol type of soil formation
in the United States includes Bayfield County. Marbut(1l9)
has outlined the geographic limits of the Podsol zone.
That there is a broad transitional belt between this
group and the Gray-Brown Forest soils has been emphasized
by Veatch (30). The lower part of Bayfield County lies
Jast north of the dividing line between the two great soil
groups; consequently, the southern part of the county lies
in the transitional zone, with the soils in the northern
part exhibiting more definitely true Podsol character. In
the discussion of climate the influence of Lake Superior
was indicated. It will be seen that this influence will be
reflected in the character of the soils.

In the regions ¢f normally developed Podsol soils
the surface is covered by a layer of undecomposed, 'raw'
humus with only a narrow transition horizon of gray soil,
stained with organic matter. This is underlain by a gray,
often whitish, leached harizon or 'bleichered', varying
considerably in thickness according to the texture and
the stage of development of the soil. Beneath the gray
layer is encountered a brown horizon, often indurated into
a rock-like hardpan., Where indurated or cemented the name

‘ortstein' has been given it; the softer formations are
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frequently designated as 'orterde'. Beneath the brown
horizon of concentration there is generally a transitional
layer, stained with brown, which grades into the unweathered
parent material.

Gedroiz (11) has concluded that the podsolization
process, under conditions of moderate humidity, is directly
dependent upon the quantity of water passing through the
801l and upon the quantity of carbonic acid present,
Sufficient moisture must be supplied to ensure percolation
downward through the soil. This also implies a low
evaporation; but yet there must be sufficient evaporation
to provide some upward movement of water,

A coniferous forest vegetation is pecullar to Posdol
formation, Under the dense shade of the forest in cool
olimates, and especially where the arganic matter is
largely of coniferous origin, its decomposition and incorpor-
ation with the upper mineral soil is retarded. Thus the
Podsol soil is characterised by a peaty layer of raw, dark
brown, acid organic matter. Under these conditions the
decomposition of mineral matter is oomaratively slow so
that descending waters can hurry downward much of that
portion which is formed. As the bases, such as calcium and

magnesium, are removed, they are replaced with hydrogen



giving to the 60lloidal absorbing complex, both organioc
and inorganie, an increased mobility., It therefore
becomes apparent that any vegetation which will furnish
a leaf mold high in these bases will tend to retard the
podsolization process. Acocording to Ebermayer (7) the
coniferous needles are lower in potassium, calcium and
magnesium than are the deciduous leaves; further, the
resinous nature of the coniferous forest acocumulation
retards its decomposition. Lundblad (18) has found that
the coniferous vegetation has had an influence to
aecelerate podsol formation, other factors being equal.
Similar results were obtained by Kvapil and Nemec (17)
in ocomparing beech stands with spruce. These authors
found the quality of the forest soil best with mixed spruce
and beech stands; dbut the pure beech was superior to the
pure sypruce. It is well Xnown that the ash content of
leaves varies considerabdly within the same speocies,
according to the site conditions; so that in one case a
given forest cover may produce & mild humus, while in
another a raw humus may be developed.(16) ﬁ&ller(24)
has given the name 'mill' to the forest humus free from
aocid while the acid, raw humus, charasteristic of podsol
formation, is designated as 'torf' or 'trockentorf'. Thus the

first evidence of podsol formation is the development of the
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raw humus and conditions of acid weathering. TFormations

of a highly calcareous nature, even lying within the

region of Podsol formation, will be delayed in the formation
of the true podsol profile until the calcareous material

has been removed from the surface. Exocellent examples of
the steps in the formation of the podsol profile under

such conditions are furnished by J. Wityn from his studies
of the soils of Latvia (34).

The bleicherde or gray horizon of the typical podsol
has been impoverished of silica, alumina, iron, the
sesquioxides and organic matter. Other constituents have
also been removed to a lesser degree, O.Tamm has quo a
study of the chemical nature of the podsolization process.
From a number of analyses of podsol profiles he has
caloulated the amounts of the different materials removed
from the bleached horizon and also the percentages of
the original amounts of each constituent in the parent
material which have been removed. To make this caloculation
he has assumed that the quartz content would be constant.
By averaging the results of seven of these analyses (28)
the data in Table 1 were obtained. Much of this material

has been deposited in the B, or lower horizon. A notable
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Table I. Material lost from the Bleached Horizon
of Podsol Soils (After Tamm)

1088 of each constituent
expressed in percentage o
the amount of that const-
ituent in the parent
material

—:rercentage ol each con-
:stituent removed in
:terms of the parent
:material.

:

: :
si0, 8,3 : 11
710 : 0.08 20

2 3 .

3 :

S11. Fe 0 : 1.41 :
23: . 55
Ca0 : 0.56 33
¥g0 : 0.49 51
X0 : 0.67 24

2 : .
¥a50 : 0.54 : 26
r205* : 0.13 : 88

»

-~
The amounts were so small and the conditions between
different soils so variable that these results can hardly be
considered significant,

exception is the silica; also the alkalis and alkali earths
do not appear to de concentrated in this layer, In fact
the calcium is invariably higher in the surface due to

its ocontinual renewal by decomposing vegetation., These

statements are borne out by the analysis of a Podsol soil
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1l
from north central Minnesota given by Baldwin(l) (Table 2) .
We notice that the silica is higher in the surface soil.

Table II. Analysis of a Podsol Soil from the North
Central Part of Minnesota(Baldwin)¥*

Horizon ;Leafmold; Ay : Ao : B ; C
Thickness in In, ; 3 : 1 : 5 i 8 .

510, ; 21.60 i 58.99 : 73.00: 65.02.53.14
710, P 0,20 1 0.75 © 0,41,  0.76. 0.66
Fe,0, 1079 1 4.50 | 3.38.  5.34. 5.26
A1,0, P 5.56 5 13.00 i 12,66, 16.65.14.62
¥n0O } 0.168; 0,18 i 0.T2, 0.18: 0.14
Ca0 P B.24 . 1.57 . 1.42.  1.03. 7.00
Y20 ©1.06 0 1.30 i 1.05. 1.66: 3.72
X,0 P 0.87 i 2,15 2.7, 2.48: 2.19
¥a,0 ! 0.48: 1.18: 1.67: 1.20: 1.01
s ; 0.31 ; 0.17 ; - ; 0.17; 0.11
S0, :  0.45: 0.12: 0.08: 0.05: 0.06
Ignition 1088  : 64.53 ; 16,58 : 3.64:  5.70:11.20
Total © 100,26 : 100,44 : 100.20: 100.20:99.11
X P 1.862: 0.44 ;1 0.07  0.12; 0.08
Carbonate CO, : None : None : None : None : 7.59
H,0 at 110 ; 10,76+ 4.96 ; 1.25: 4.55? -

* Analyses by R.S.,Holmes and G. Edgington of the United
States Bureau of Soils.

1. Por other analyses of Podsol soils see:(2) (23) (28) (12).
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This does not mean that none has been removed but only an
amount less in proportion to the other constituents. The
80il has been developed from calcareous glacial drift of
heavy texture under a dense forest of mixed oconifers and
hardwoods. This analysis has been included as the sample
was taken in a region of quite similar climatic oconditions
to those in Bayfield County.

All or part of the conditions necessary for the
formation of a true Podsol may be present, Depending
upon the elimate, the vegetation, and the nature of the
parent material as well as its age, a series of stages of
maturity and of intensity of profile deveIOpment will Dbe
found. Those soils which do not show a strong profile but
yet which oceur in a definite soil region and have clearly
begun to express the charactieristio profile are necessarily
classed with the soils of that region. For that reason
the soils of Bayfield County are all classed as Podsols,
although some of them only weakly express the podsol profile
at present.

In the following pages are presented the field
desoriptions of the profile and certain laboratory
investigations conducted on the principal types. These
latter investigations include the determination of the
60ll0id content by the hydrometer method and the total base
exchange capacity.
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Description of Methods

The profile descriptions. The profiles of the main

types are desoribed in detail in the text as well as shown
by diagram in Figures 2,3,4,5 and 6, The nomenclature of

the horizons has been as follows:

Ay Iitter and forest mold.

11 Humus soil, This horizon is very thin in
most of the soils considered, It has usually
been included with the A in the sketoches.

Ay Grayish or whitish, leached horizon. Region
of greatest eluviation.*

Az In a few soils this horizon oceurs as a trans-
ition to B.

B The region of illuviation. The various
parts are designated as By, B2, B3 and so
on, according to each soil. No definite
scheme of subdivision was employed.*

c Parent material that has been unaltered by
soil-building foroces.

D Designating strata below the C horizon

which have an influence upon the soil but
cannot be considered as parent material.

* In gome cases, as we shall see, the A,B, and C are not
differentiated. primarily on the basis of textural differences,
but raether upon the color and structure profile, The B
horizon may not actually have & higher content of fine
material than either A or C. The mineral portion is more
brown in color then A and the soil more compact; also B

will show the influence of weathering as compered to C which
is unsltered by soil-building forces.
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Samples were collected by horizon from typical

locations for the laboratory investigations.

The Colloid Content. The ¢0lloid content was

determined by the hydrometer method of Bouyoucos (4). That
this method determines coarser mgterial than that ordinarily
oconsidered as of colloidal size has been pointed out by
Keen (14) and Joseph (13)., 4As a rapid method for

comparing the content of fine material in the soil the
writer considers it very useful however, In using the

term 'colloid content' it must be borne in mind that we

are using the designation of Bouyoucos which includes the
ultra-clay, clay, and prodably a portion of the silt (5).
Each value shown in the tables is the mean of two
determinatiﬁns. By calculating the standard of each set of

determinations and then taking an average, the mean was

L
found to be -0.226 in terms of percent colloids. The
standard deviation of this mean is t0.178.

The Base Exchange Capacity. For this determination

duplicate 25 gram samples of air dried soil were treated with
500 ec. of N/1 CaCl and allowed to stand for 48 hours. In
the case of very he:vy clays 16 gram samples were used. The
s0il was then thrown on & filter and washed with an
additional 500 ce. of N/1 CaCl . Subsequently the soil was
washed free of chlorides with iistilled water. The

samples were then washed with one liter of N/1 NH,C1
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Caleium was determined in the filtrate in the usual

manner as calcium oxalate. All of the soiis used were

acid except two; these were leached with an additional liter

of §/1 MH C1 in order to determine the amount of soluble

cacCo pro:ont. This amount was subtracted from the amount

of ogloium obtained in the first liter in order to calculate

the exchange capacity. Each value given is an average of two
determinations. The mean standard deviation between duplicates
is 10.069, expressed in milli-equivalents per 100 grams of

s80il. The standard deviation of this mean is - 0,072,

Aoiditx Determinations

Soil acidity determinations were made with Soiltex
by the method outlined by Spurway(26). The results are
shown in the tables with the laboratory results. The
degree of soidity given is based upon several field trials,
the number varying according to the importance of the type.
Spurway gives the following pH ranges for the several
degrees given by the color:

Degree of Acidity PH Range
Alkaline 7.0 - Up
Neutral 6.8 - 7,0
Slightly acid 6.2 -« 6,7
Medium acid 5.7 - 6.1
Strongly aoid 5.0 - 5.6

Very strongly acid 4,9 - Down
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1l
Kennan Series

The Kennan Series is the principal one found in the
regions of ground moraine formation. The series has three
members: the Loam, Fine Sandy Loamland Silt Loam. Of these
the Loam represents the usual coniition. The profiles of these

types are shown in Figure 2,

Profile of Kennan Loam

A Dark bdrown to nearly black leaf litter and forest

)

and mold, In nearly all areas this material contains at
A present large amounts of charcoal due to severe

1

forest fires. A small amount of dark gray humus
loam occurs as a transition to the lower horizon

which is encountered at 14 to 2% inches,

A Dull gray or gray very fine sandy loam containing
oconsiderable humus material. The s0il has & more
or less well defined laminated structure. This
horizon extends down to 4 or 6 inches below the

surface.

B Yellowish-brown loam. The very fine sand separate
forms & large part of the material., The soil has a

fine orumb structure. - At about 14 to 18 inches this
1.S0i1 names used in this paper are those adopted by the
Wisconsin Geological and Natural History Survey and local
names for the series not heretofore recognized.



KENNAN LOAM

Mold and humus

Gray, very fine sandy
loam. Laminated structure

Yellowish brown loamn.
Crumb structure.

Dull, brownish-gray sandy
loam. Conmpact yet friable.

Reddish-pink, sandy,
clayey till., Stony.

KENNAN PFINE SANDY LOAM

O
AN

T

Mold and humus.
Gray loamy fine sand.

Brown fine sandy loam.
Slight cementation.

Pinkish, light sandy
ti1l.

VILAS SAND
Egg‘-ﬁ 2?%”2‘3%3'

Brown loamy send.

Light brown sand.
Transitional.

Pale, pinkish-yellow
sandy drift.

KENNAN SILT LOAM

Mold and humus

Dark gray loam

Yellowish brown silt loam.
Crumb structure.

Light, yellowish~brown
silt loam. Compacte.

Mottled, pink and yellow
silt loam. Compact. ’

Reddish-pink light sandy
clay till.

MASON SANDY LOAM

Mold and hunius.

Gray loamy sand.

Dull brown sandy loam.
Dark rusty brown sandy
loam. Has cemented lumps.
Rusty brown loamy sand.

Pinkish-gray loamy sand.
Cemented. Impervious.
Pink, heavy sandy loam.
Cemented. Impervious,

Pink, sandy cley till.
Strong.

CORNUCOPIA LOANMY SAND

Mold and humus.

le gray sand.
11, brown loamy sand.
Dark, rusty brown loamy

sand. Ortstein, ir-
regularly developed.

Brownish-yellow gravelly
sand.

Pale yellow gravelly
and stony sand.
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horizon gives way to:

B Dull, brownish-gray fine sandy loam. A tinge of red of
varying intensity is noticeable. The soil is ocompact,
yet friable., At about 24 to 30 inches the soil grades

into:

c Reddish-pink sandy, olayey till. This is generally very
stony. Although there is oconsiderable coarse material,
very fine sand forms a large part of the mass. The
t1ill has a rather high water holding capacity, yet it
is sufficiently pervious to allow drainage of excess

water.

The gently rolling to rolling nature of the land affords
goo0d external drainage. Occasionally nearly level areas were
sufficiently poorly drained to merit the indication of a
separate phase., In these situations the only essential
profile difference is a noticeable mottling.

The Kennan Loam probably represents the normal profile
for the southern portion of the area. Table III gives the
laboratory results. It is evident at once that this soil
is only a weak Podsol. The development of a rather dry ,
acid surface organic covering, together with the gray Ao

horizon point to its podsol nature. The figures for the

base exahange show that the A, horizon still contains a
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Table III. Colloid Content, Base Exchange Capacity and
Acidity of Kennan Ioam

: : : :
Horizon { A2 s By s B2 H c
Depth in Inches : 2-4 : 4-16 _ ; 16- 27 : 27- 48
Persent Colloids : 24,29 : 24,38  : 20.64 _: 17.35
Base exchange capaoity; ; : ; ;
a8 milliequivalents of: 10.55 : 5.86 ¢ 5.01 ¢ 5.80
Ca per 100 grams soil : : : : ‘

: : very T very :
Reaction toward :Strongly : strongly: strongly: Strongly
Soiltex tacid : acid : aocid : acid

larger quantity of the absorbing complex than the lower
horigzons., That nearly half of this exchange material is
organioc is shown by the figures in Table IV. There
remains, however, a considerable amount due to inorganiec
material. It would seem that illuviation processes have
not been greatly active in this soil, Here we have & case
where the A, B, and C horizons are distinguished from each
other on the basis of color and structure, rather than texture.
The profiles for the Silt Loam and Fine Sandy Loam
members of the Kemnan Series are shown in Figure 2. The
general profile character of the Silt Loam is similar to the
Loam with the exception of the mottling in the lower part of
the B horizon and the finer texture. The Fine Sandy Loam
has more evidence of Podsol nature. The gray horizen is
somewhat better developed, particularly in the few areas
oscuring in the northern portion of the county. A slight

cementation is evident in the B horizon.
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Table IV, Influence of Ignition of the Base Exchange Capacity
of the Kennan Loam Ap Horizon.*

Base exchange capacity as milli-
equivalents per 100 grams of soil

Original soil 10.55
After Ignition at :

550°C for 12 hours : 5.92
Difference due %o : |
organic matter : 4,63

*Unpublished date obtained by Prof, E. Truog of the Wisconsin
Agricultural Experiment Station show that ignition in this manner
does not injure the inorganic exchange material.

The forest cover of the Kennan Loam has been largely
mixed hardwoods and white pine. A higher percentage of pine
characterized the original cover of the Fine Sandy Loam type.
Agriculture is limited by the topographic features and
particularly by the degree of stoniness., Most of the land is
suitable for farming, except for an often exscessive amount
of bowlders. The soil is sufficiently retentive of water to
produce good orops and pasture and the less stony areas have

made excellent farms,

Antigo Series

The Antigo Series, represented by the Fine Sandy
Loam member, is largely confined to the more gravelly areas

of outwash formation in the southern portion of the county.
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In the course of the mapping a gravelly phase was indicated to

isolate a few areas very gravelly, even in the surface, Figure

3 shows the profile which is described in more detail as follows:

A

ana
!

Profile of Antigo Fine Sandy Loam

Nearly black leaf litter amd forest mold about 2 inches
in thickness. In the lower part the light colored soil
grains and humus material give it a 'salt and pepper'

appearance,

Dull gray sandy loam or fine sandy loam containing
considerable humus material. The soil has only a
slight coherence., At about 4 to 8 inches this gives

way to:

Brownish-yellow or dull brown fine sandy loam. The

soil has a rather loose crumb strusture. This horizon
extends down to 10 or 12 inches below the surface.

Light brown heavy fine sandy loam or loam. The soil has
a crumb structure, but is quite coherent. This

horizon is pervious to water and easily penetrated by
root s; however it has a good water holding capacitiy.
Pebbles are quite numerous, especially in the lower part.
At depths ranging from 18 to 26 inches this layer

grades into:

A transitional horizon of loose 1oamy sand and gravel,



PLAINFIELD SAND

Ft} Ceadmm| Mold and humus.,
| Grayish-brown loany sande.
BRNEN
1 f §lee11ow1sh-brown loamy
2%, sand. Noticeable
coherence in lower

part.

'21 Browmish-yellow sand.

':’Y" Loose, open, pale
(S yellow sand.

ANTIGO FINE SANDY LOAM
| g Mold and humus.

- T Dull gray fine sandy loam. &'

sh-yellow fine sandyrfz'ﬁ

. N2 Brown
N loan. Crumb structure.

\SK\~ Light brown heavy fine

X+ gandy loam or loam.,

.‘ Compact yet friable.

Light reddish-brown loanmy

'y, 8and and gravel.

" Loose, pinkish-yellow
sand and gravel.

Figure

I1I

PLAINFIELD LIGHT SALDY LOAMN

Mold and humus.
Dull gray loamy sand.

Dull brown light sandy
loam. Some cemen-
tation. Quite compact.

5'ﬂi Yellowish-brovm sand.

"' Yellow gravelly sand.
|1 Loose. Pervious.

SAUGATUCK SAND

Mold and humuse.

Pale gray sand.

Brown sand, Irrsgularly
cemented into coftee-
brovm ortstein,

‘| Yellowish-brown sand.
Streaks and spots of
brown.

Grayish-yellow sand.
et.
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stained with light reddish-brown., At appoximately
24 to 30 inches the soil passes abruptly into:
c Pinkish-yellow, loose stratified sand and gravel. A
few well-rounded cobbles are not uncommon in the
parent drift. The material appears to be largely

derived from acidiec igneous rocks.

As with the Kennan Series, the Antigo is rather
weak Podsol. The results in Table VY show, however, that
podsolization has progressed to a considerable extent already.
The Ag horizon, as pointed out in the description, contains
econgiderable organic matter to which its rather high base
exchange capacity may be attributed.The fact that this soil is
developed only in the southern part of the county prodadly
accounts for its rather weak profile development as other
conditions are apparently favorable for the podsolization proecess.
The aocid nature of the parent material, together with an original
oconifeous forest cover of Norway, white and jack pine would tend

Table V. Colloid Content, Base Exchange Capacity and Acidity of
Antigo Fine Sandy Loam

Horizon : A2 : By ; Bp : B3 : G
Depth in Inches s o 5 . 5 - 10 : 10 - 18: 18 - 28:28 - 48
Percent Colloids : 15_535 14.75 : 14,13 . 5,65 . 4,75
Base exchange oap. .

as milliequivalents ¢ 4,71 5.59 : 3,30 - ¢ 1.80
per 100 gm. soil : : : : *j
Reaction toward ;Strongly;Strongly; er ;Strongly;Strongly
Soiltex :acid  :acid =8§82§g”=aoid :a0id
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toward acid weathering. When we compare these figures to
those for Kennan Ioam (Table III) we see that the latter is
not so far advanced as the Antigo. Both samples were
collected within a distance of five miles and at nearly the
same elevation so that the climatic conditions are similar.
In both cases -the s0il reaotion is acid, however the Kennan
has a cover of mixed hardwoods with some white pine. The cover
on the Antigo was almost entirely coniferous, By reason of the
somewhat lower water holding capacity of the material, the
Antigo soil is drier than Kennan., Both the vegetation and
the drier surface would temd to produce the trockentorf more

rapidly in Antigo and hasten the podsolization process,

Mason Series

The Mason Series is represented by only the Sandy
Loam type. 1Its ococurrence is limited as it is found almost
exclusively on the less prominent islands of till within
the Superior Lowland. These islands are very stony and
appear to have been washed considerably by tie waves during
the stormy periods of the glacial lakes. Although the
margins are often quite sieep, their surfaces are nearly
level. Much of the fine material had evidently been
removed from the upper part of the drift before soil-
building forces commenced to operate. While the Mason had
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some hardwoods in the original forest, it was chiefly white

pine.

On the more level areas balsam fir and white spruce

are important constituents of the forest growth.

Even though the profile (Figure 2) is complex it

was found to be quite uniform,

Profile of Mason Sandy Loam

Leaf litter, nearly black forest mold and sandy
humus s0il about 14 t0 3 inches in thickmess.

Dull gray light sandy loam. A relatively large

amount of humus is present as compared to the A,
horizons of other Podsol soils. The sand grains are
rather coarse but the material has noticeable coherence.

This horizon extends down to about 5§ or 7 inches.

A thin layer of dull brown sandy loam. The soil
has a fine crumb structure. At 7 to 9 inches the

next horizon is encountered.

Dark rusty brown sandy loam containing coffee-
brown cemented lumps. With the exception of the
cemented lumps the soil has a fine erumb structure.
This material is apparently very high in iron
(qualitative test only). The lower limit of this

layer is about 12 to 17 inches from the surface.
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B3 Light rusty brown loamy sand fading to a lighter
shade in depth. The material is rather 1oo$e and
resembles the transitional horizon between the B
proper and the parent material in a sandy Podsol.

At about 18 to 24 inches this grades into:

B Dull pinkish-gray loamy sand or light loamy sand.
The soil is very compact and is cemented in the lower
part. VWhen dry this layer is almost impenetrabdble
with ardinary sampling tools. This hardpan is very
brittle but pulverizes into rather loose sandy
material. The entire thickness of this layer is
about 5 to 7 inches and at depths ranging from 24 to
32 inches it grades into:

B Pink, heavy sandy loam mottled with gray and yellow,
Iike the lower part of B, this layer is cemented,
making it almost impenetrable., Its thickness is

about & inches.

c Pinkish sandy clay till. This till is similar to
that from which the Xennan Loam is developed except
that it contains somewhat more clay. Stones and pebbles

are plentiful.

On comparing this soil with the Kennan Loam, & close

relative as far as parent material is concerned, we notice
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considerable difference. The data in Table IV show
that the podsolization process has been more active.
Although sufficient humus and other fine material

persists in the A_ horizon to give it a higher base

o2
exchange capacity than the B X yJet we see that there

has been much more movement downward than in the Kennan.

Table yvI. Colloid Content, Base Exchange Capacity and
Acidity of Mason Sandy Loam

Horizon Ay BlAj By : Bg . By Bg ; ¢

o

Depth in Inches :2%-6 . 6 -8% gg-ls :16-24 :24-31 31-35 35-48

Percent Colloid :18.27 . 16.17: 15.64- 9.19: 12. 59 22, 11 23.55

0 0 0

Base exchange s : : : : : :
Oapacity as mil-: 7.74 . - . 6005: 2079: 8.49: - H 4092
liequivalents : : H : : : :
per 100 gm.,soil- :

Reaction toward: Strongly acid throughout

Soiltex :

By reason of the comparatively heavy texture of the
underlying till the drainage, particularly on the more level
areas, is rather slow. The laboratory results also indicate
the change in the parent material previous to the
commencement of soil building forces. The more pervious
nature of this upper material as compared to the heavy till

beneath has produced a situation somewhat like that which
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obtains in the Orienta Series. In the Orienta Series,
however, a gray hardpan in the lower part of the solum
has not been observed. Frequently there is a somewhat
compact, gray layer in the sand immediately above the clay
but the writer has never observed appreciable cementation
in it. No explanation can be offered for the cause of this
indurated layer in the Mason, except that it is apparently
associated with the rather abrupt change in the
permeability of the soil at this depth.

Mr,. SOhoonmannl has observed approximately the same
profile on Sugar Island in the 8t. Mary's Rivor? He
describes the geological features to be the same as

that of the Mason in Bayfield County.

Cornucopia Series

Only one type, the Loamy Sand, is included in
this series. It is confined, almost entirely, to the
northern part of the county where it is found on the sandy
morainic knolls wifhin the Superiof Lowland and also on the
northern end of the Bayfield Ridge. The profile is
illustrated in Figure 2.

Profile of Cormucopia Loamy Sand

Ao Leaf litter and dark brown, peaty organic matter
and
A together with a dark, sandy humus soil. This layer

varies from 1% to 3 inches in thickness.

1.By personal communication of unpublished observations,

2. The St. Mary's River forms the boundary between the Upper
Peninsula of Michigan and Canada.
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A Pale gray loose sand. Frequently the sand has a
fa int pinkish tinge. There is but wery little
organic matter in this material. At depths
ranging from 5 to 11 inches this horizon gives

way abruptly to:

B Dull brown loamy sand horison about 1% inches
in thickness.

B Dark rusty brown or rusty brown loamy sand.
Considerable fine sand and gravel are present.
The sand is irregularly cemented into an ortstein.
Sometimes this cementation is limited to lumps
about the size of walnuts while in other places
it is quite uniformly indurated into a sandy
hardpan 4 to 10 inches in thickness. At about 27

inches the soil grades into:

B A transitional horizon of dark yellowish or
brownish-yellow gravelly sand extend ing down to

about 36 inches.

c Pale yellowish-gray, gravelly and stony, sandy

till., Most of the stones are sandstones. The material

is very open and pervious.

From this description and the data set forth in

Table VII it is evident that this soil is definitely a
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Table VII. Colloid Content, Base Exchange Capacity and
Acidity of Cornucopia Loamy Sand

Horison : Ag : By : Bg : G
Depth in Inches : % ._ 9 . - o9: _ag.
Percent Colloids ; 4.89 ; 8.20 ; %.40 . 2.90
Base exchange capacity as ; ’ ; ; ;
milliequivalents per 100 1.26 4.16 - T 1.22
grams s8oil : : : :

: . very : :
Reaction toward ¢+ Strongly:strongly: Medium:Slightly
Soiltex : acid . acid : acid :.acid

Podsol. As in the case of the other strong Podsol soils,
the figures for base exchange ind icate a greater downward
movement than do those for colloid content. The absorbing
complex appears to be the more mobile portion of the fine
material. In this case the B horizon has not quite twice
as much colloidal material as?the A bdut over three times
as much base exchangé material. Acfd weathering has been
active.

This s0il has developed under a coniferous forest
vegetation. There have been conditions of excessive
drainage. The rolling to hilly surface insures rapid
external drainage while the pervious nature of the

substratum provides free internal drainage.
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There is but very little real agricultural development
on Cornucopia Loamy Sand. The extreme stoniness, coupled
with its excessive drainage and unsuitable topographic
feature has discouraged the use of the land for either

crops or pasture.

Vvilas Series

The Vilas Series is represented by one type, the
Sand. In the course of the mapping two other unimportant
types were differentiated, the Pine Sand and the Stony
Sand. The last named type was confined to the few eskers
that were found while areas of the Fine Sand were
recognized within the Bayfield Ridge. Even though the
Fine Sand may have a slightly higher water holding capacity,
there is no real difference, either in the profile or in
the relation to the native vegetation. Vilas Sand is
developed on the sandy moraines; in addition other areas
may be found in the till plain and in the regions of
badly pitted outwash. The Vilas is not found in any
important area nearer than six miles to the northern margin
of the county. The profile is illustrated in Figure 2.

Profile of Vilas Sand

4o TL.eaf 1itter and nearly black sandy humus. This is
and
Ay very thin, ranging from scarcely one to two inches

in thickness.
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Dull gray or brownish-gray, loose loamy sande.

Some hurms material 1s mixed with the mineral
soil. This gray horizon 1s very poorly developed
and is frequently very thin. At about 3 to 4

inches is encountereds

Brown loamy sand. The sand 18 loose and open with

1
very little evidence of structure. Occasionaly
some slight cementation may be observed. This
horizon is quite variable as to depth but may
be said to extend down to between 12 and 24
inches.

B A lighter brown transitional layer of loose,

2

pervious sande At 26 to 40 inches the soil
grades intos

c Pale pinkish-yellow, loose, sandy drift.

Occasionally this drift 1s stony,but usually it
18 nearly stone-free. Most of the pebbles and

stones are acidic igneous rockse.

In the Fine Sand Type the A2 horizon is ulso

poorly developed but it 1s generally a 1little thicker
than indicated by the above description. In the
Stony 8and type there is no definite profile developmente.
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From the data in Table VIII it 418 evident that

we have qulte a contrast as compared with the Cornucopisa.

Table VIII. Colloid Content, Base Exchange Capacity
and Acidity of Vilas Sand

3 : .
Horizon : A2 i _Bp ¢ C
Depth in Inches P 1.5 - 4 P4 - 12 ‘32 . 48
Percent Colloids : v : 4.86 ° 2274
Base exchange capacity as : : :
milliequivalents per 100 gms.: 3.15 : 2.66 ° 1.81
soil : : :

: $ Very s¥edlum
Reasction toward :Very tstrongly: acid
Soiltex sstrongly acids acid

The co0lloid content and the base exchange capacity are

both higher in the surface. A8 pointed out in the
deseription the Ao horizon contains considerable
organic matter. Very little illuviation has taken place

as compared to Cornucopia.

The original cover of the Vilas 8and consisted
largely of Norway pine, jack pine, and some white pine.
The evidence in the fire devastated country is quite
meagre but would seem to indicate that the original

stand of timber was rather thin. Some areas within the

Bayfield Ridge country have been free from timber growth
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since the region has been known to white men (27).

The present cover is chiefly composed of a rather open
stand of jack pine and scrub oak with other such species
in spots as trembling aspen, cherry, etce Many areas
are open and devoid of vegetation except a ground cover
consisting of sweet fern and a few scattered clumps of

stunted jack pine and aspen.

The internal drainage 1s excessive, even more so than
in Cornucopia. The surface configuration varies from
gently rolling to very hilly. With only what appears
to be minor differences in parent material, vegetative
cover, elevation und drainage conditions we have rep-
resented by the Vilas and Cornucopia series two distinctly
different profiles. While the Vilas has a rudimentary
podsol profile it is only slightly advanced in the

cycle of weathering which has produced the Cornucopia.

Plainfield Series

Two types of Plainfileld, the Sand and the Light
Sandy Loam, were recognized. From a study of their
profiles there seems to be some doubt as to the

Justification of placing the two types in the same
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series, ulthough from the point of view of their
adaptability of growing plants it seems logical. Both
soils are developed on the outwash plains discussed prev-

fously. Figure 3 shows the profiles by sketche

Profile of Plainfield Sand

A A thin layer of leaf 1litter and dark brown, dry,
peaty organic matter about 1 or 1.5 inches in thickness.

A A dark grayish loose mixture of sand and hums.
The material has a ‘'salt amd pepper' appearance.

This layer has a thickness of only about one inche.

A2 Grayish-brown loamy sande There is present noticeable
hurmus meterial. At 3 to 5 inches from the surface

this horizon gives way tos

B,y Dull yellowish-brown loamy sand. The sand has some
coherence and when wet has a e¢rumb structure. at

about 14 inches this grades intos

B, More compact dull yellowish-brown loamy sand. The
soil has enough compactness to be noticeable. At

24 inches this horizon is underlain bys
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B. A transitional layer of brownish-yellow loose

sand. This extends to approximately 36 inches.

c Pale yellow loose sande This material generally

has more or less stratification.

The results of the laboratory investigations on this
type are shown in Table IX. From the description of the
profile and these results it becomes evident that this soil

Teble IX. Colloid Content, Base Exchange Capacity, and
Acidity of Plainfield Sand

Horizon i A2 5 By E Bo g Bz i C
Depth in Inches ' 2 -5* 5 -12°12 - 24 (24 - 36 36 -48
Percent Colloids 3.9575 g.;af 7949 f 4,23 f 375
Base exchange f i f :
capacity as millie- 626 ; 1.84; 2.11 ; - : 1.73

quivalents per 100
grams soil

Strongly:Very svery :Stronglyi:Medlum
acid :stronglyistronglytacid tacid
tacid cacid : $

Reaction toward
Soiltex

90 @® Qe e geo 9o *e 9 e @

only very weakly expresses the pocsol proflle. Altbourh

the A2 horizon is high in base exchange material, the larger
portion of which 1s undoubtedly organic matter, there has
been a noticeable drift of this materlial to the lower

horizons.
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Now let us examine the Light Sandy Loam typee.

Profile of Plainfield Light Sandy Loam

A thin layer of leaf litter and dark brown, or
nearly black, dry, peaty organic matter ranging

from 1 to 2 inches in thicknesse.

A very thin layer of dark gray loamy sand and
hums with a 'salt and pepper' appearance. This

horizon is only about one inch in thicknesse.

Dull gray loamy sand with a brownish tinge in the
lower parte A small amount of organic matter 1is

included. When wet the soll has appreciable coher-
ence but when dry it is loose. At about 5 to 8

inches it grades intos

Dull brownish loamy sande A traeansitional layer
only about one inch in thicknesse.

Dull, slightly yellowish, brown light sandy loam.

The soil is quite compact and contains a few cemented

lumps. When broken it has a rather poorly
developed crumb structuree This material is

apparently fairly retentive of water considering the
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large percentage of sande At about 20 to 24 inches

this horizon gives way tot

Bz A transition horizon of sand or loaemy sand, stained
with yellowish-brown and rusty brown, extending down

to about 34 inches from the surfacee.

c Yellow, loose gravelly sand grading into pale
grayish yellow gravelly sand.

' The results shown in table X indicate a much greater
development of profile than in the case of the Plainfield
Sand. In discussing the relationship existing between the
Vilas Sand und the Cornucopia Loamy Sand it was pointed out
that with very similar parent material and under almost
1dent1ca1 forest growth, quite different profiles had been

Table X. Colloid Content, Base Exchange Capacity and
Acildity of Plainfield Light Sandy Loam

: : s
Horizon : Ao : Bo c
Depth in Inches : 3 -7 : 8 - 22: 34 - 48
Percent Colloids : 8.78 ¢ 1ll.28 : 282
Base exchange capacity : 4.38 t 395 ¢ 1.07
as milliequivalents per? H :
100 grams soil s H s

:Very strongly:Stronglys Nedium
Reaction toward : acid tacid : acid

Soiltex H
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producede The same relationship exists between the two
Plainfleld types. Both of these soils have developed
under a coniferoue’forest cover; the Plainfield Light
Sandy Loam probably had more white and Norway pine in the
original stand than did the Sand type. Jackpine and
scrub oak are the predominating species of the present

foreat on both soilse

The Plainfield Series has been recognized over a
considerable area in the region of the Great Lakes. The
series, however, as recognized in this county has a
somewhat different profile than that described in southern
Michigan (22) and southern Wisconsin (33). This 1is
particularly true of the Light Sandy Loam type. In profile
character this type approaches the Rublcon Series as

described by the Bureau of Soils (31).

Superior Series

The solls of the Superior Series are confined
entirely to the Superior Lowland. Four types were
included in the series on the basis of the texture of the

surface soile The normal development is the Clay Loam
member; the others represent conditions produced by the

deposition of sandy material on the surface of the
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lacustrine clay after 1ts deposition by the glacial lake.

Only those solls are included in the Superior Series that

have at least a part of the solum derived from the clay.

Profile sketches of these solls are shown in Figure 4.

A3

Profile of Superior Clay Loam

Nearly black granmular peaty material with a small
amount of silty humus soll. This layer is about
2 inches thicke

Faintly pinkish-gray, ashy silt loam to silty clay
loam containing only a very small amount of organic
matter. The surface structure is platy while the
lower part has a blocky, nmat structuree. These
lumps are more friable than those of the lower
horizons. This layer extends down to 6 or 8 inches

from the surface.

A transitional horizon of gray and pink clay doam

with a blocky, nmut structure. The surface of the

8011 blocks 18 gray while the matrix is pink. At
8 to 12 inches this layer is underlain bys

Pinkish-red, with some brownish-red, heavy clay.



SUPERIOR CLAY LOAM
Mold and humus.

ay silt loam.
Hotziegf grown and gray
8ilty clay loam.

i

T

Heavy, impervious, red
clay. Angular nut
structure.

1 Pinkish-red heavy clay.

Impervious. Blocky

structure. Noticeable

laminations.

Dry

SUPERIOR LOAM

muold and humus.

Gray fine sandy loam.

Variable brown or
mottled gray and brown
fine sandy loam and
loam

Hoavy ‘red claye. Imperviaus(fi

Angulsr nut structure.

3 Red or pinkish-red heavy

1 clay. Impervious,
Noticeable laminations
in lower part.

Dry

SUPERIOR SILT LOAN

Mold and humus.

»:\'\\.\‘\ Di%ﬂ %%% i P;:’% .

fr!a fe.

> clay. Bloc

NN
\\\\Y

Heavy impervious red clay.

Angular nut structure.

Red or pinkish-red heavy

clay. Impervious.

Noticeable laminstions

in lower part.

Dry

SUPERIOR FINE SANDY LOAM

Mold and hums.
<Y Gray loamy fine sand.
1 Stresked with brown.

{ Mottled gray, brown and
Lxellow fine aand lonm.
ght gray very f

“' espd{.loam.tgkeg wiggt°

—— { brown. Blocky structure.

Heavy pinkish-red clay.

Impervious. Noticeable

laminations.

Dry

Pigurs IV
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When dry the soil has an angular nut structure; when

wet it 1s very sticky and plastic. The soil blocks
have a thin covering of more brownish materlal.

At about 24 inches this layer grades intos

c Pinkish-red, heavy, tough lacustrine clay. Gray and
blue streaks are noticeable. When dry the material
has an angular nut structure. The clay is quite
impervious and apparently very little water percblates
into the mass. In the lower part the clay often has

. a shale-like appearance. In places where the clay
has not been disturbed by later ice movements,
varving is very noticeable. Stones are absent
except for a few areas that have suffered a re-
advance of the ice. While the solum 1is entirely acid
the parent material has sufficient calclum carbonate

to effervescence with acids. -

Even though the parent material is apparently very
impervious to water considerable action by soil-building
forces has taken placé. As the heavy clay shrinks and
swells, cracks are formed and it is largely through these
cracks that the water passes downward. This is shown by

the weathered surfaces of the soil blocks; these appear as
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gray coats in the A, horizon and as brown coats in the
B horizon. From the results in Table XI it is evident
that the portion of fine material which has moved downward

into the B horizon has been largely the absorbing complex.

The colloid content of the B horizon and of the parent

material is higher than the A2 horizone It 1s very probable

Table XI. Colloid Content, Base Exchange Capacity and
Acidity of Superior Clay Loam

Horizon . : Ao G B : c
‘Depth in Inches P2 -7 ' 10 -24° 24 - 48
Percent Colloids i 68034 j 86.0 87.5
—— v o Vo ey -
Base exchange capacity; ; ;
as milliequivalents ., 10-62 35.34 2519
per 100 grams soll 2 : s

tVery s Strongly
Reaction toward tstrongly : acid ¢ Alkaline
Soiltex tacid : :

that the original of the surface two fect was somewhat
lower in clay content than the substratume According to
the values for the base exchange capacity a very large
portloa of the absorbing complex has moved from the A2
horizon into the B horizone. Acid weathering has been

active and the soill has the character of a true Podsol.
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The Superior Clay Loam 1s probably the most important
single type within the areaj; it occurs throughout the
Superior Lowlend region and 1s particularly well developed
between Iron River and Port wing and in the country between
Mason and Ashland Junctione The topography varies from
nearly level to gently rolling. Streams and drainways have
cut many V-shaped valleys which are often very deep,
especially near Lake Superior and the larger streams.

Along these valleys and on the hills the whitish Ao
horizon has teen completely, or nearly all, eroded aways

leaving exposed the heavy red clay of the B horizon.

From the point of view of present agricultural

development this soil is the leading type in the countye.
Despite its difficult cultivation and hardness of clearing,

settlers have more commonly taken this soil in preference
to others. Its high water holding capacity insures freedom
from drought; and in this section where dalrying is the
chief agricultural pursuit, the ability of the soil to
produce excellent pasture and forage crops explains {its

present developmente

The next most important type in the Superior Series

is the Fine Sandy Loam membere.
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Profile of Superior Fine Sandy Loam

Forest litter and nearly black, peaty organic
mattere A thin layer of very dark gray fine sandy
humus soil forms the transition to the lower
horizon. The total thickness 1s about 1.5 to

2¢5 inchese.

Gray loamy fine sand, streaked with browne. A
relatively small amount of organic matter is present.
The soil has a very faint crumb structure. This

horizon extends down to 8 or 12 inches.

Grayish-brown fine sandy loam mottled with gray,
rusty brown and faint pink. The soil 1s quite
compact and sore cementation is noticeable, yet it
is frieble. At depths ranging from 15 to 25 inches

this layer gives way tos

Light gray very fine sandy loam streaked with
yellow and brown. The structure is platy. The
soil 1s quite compact and 1s saturated with water
mich of the time. This horizon is quite variatle
as to thickness and development. It is usually

2 to 4 incres in thickness and overlies!
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Bx Pinkish-brown clay containine considerable sand,
especlally in the upper parte The soll has an

angular nut structure. At sbout 25 to 32 inches this

horizon gives way to¢

c Yeavy pinkish-red clay. Often noticeable gray
lamenations are present. The dry material has a
coarse blocky structure similar to the C horizon
of the Clay Loam types Under ordinary conditions

not much water penetrates into this clay but when

it 1s wetted it becomes very plastic and stickye.

The Superior Fine Sandy Loam has been developed from
deposits consisting of heavy lacustrine clay overlain by
fine sande In many places this clay has been subjected to
further ice movement by the 1ice so that it contains an
admixture of sand and occasional bowlders. The slight
change in the clay portion apparently has not influenced
the resulting soil, except a2s more relief has been
developed in the original lake bed. We would expect to
find a somewhat variable profile in this soil because
of variations in the depth of the original sand covering
and of the drainage conditions as influenced by micro-relief.

The profile description given 1s considered the average
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conditione In some instances the soll has developed

under conditions of more rapid drainage with the result
that horizon Ep may be absent and horizon B, is yellowish-
brown with very little mottling. On the other hand,

under moist conditions the soil approaches a bog condition.

The Ay horizon becomes thicker and Bj horizon begins to

disappears

From the results in Table XII we sec that as in the
case of the Clay Loam there has been consideratle movement
of the base evchange material from the surface into the B
horizon. The Bz horizon is developed at the surface of
the clay tut yet contains a considerable quantity of fine
sand. Although the total content of colloid material as
measured by the hydrometer is muich greater in the parent
materlal of the Clay Loam type as compared with the Fine
Sandy Loam the base exchange capacity remains nearly the
same. Throughout the investigation there 1is a noticeabvls
lack of correlation.between thess two propcertiess Even
though a field examinatlon Indicates some difference in the
actual texture, the Fine Sandy Loam having a little more
fine and very fine sand included in the clay of the C

horizon, yet the parent material of both types are apparently
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Teble XII. Colloid Content, Base Exchange Capacity and
Acidity of Superior Fine Sandy Loam

1

Horizon ;4 P Bl P By ! Bs P ¢
Depth in Inches . 2 - 11. 11 = 17: 17 - 19:19 - 26 :26 - 48
Percent Colloids; 15,44 3 20s71 : 1771 . 35.44 . 46.01

: $ : H $ :
Base exchsenge : : : : s
capacity as : 2065 : 4.74 : 3+89 H 135.88 H 24'70
milliequivalentss : : : s
per 100 grams : : : : :
soil H : : s 3

:StronglysVery :Very :Very
Reaction toward :acid tstronglysstrongly:stronglystAlkaline
Soiltex S sacid tacid tacid :

about equally retentive of water. The type of acid
weathering which characterized the development of the
Clay Loam type has also influenced the Fine Sandy Loam,
producing a definite podsol profile; but one somewhat
different than the Clay Loam because of the stratigraphic
nature of the parent materiale.

Two other types were recognized in the Superior
Series, the Loam and S1ilt Loame Their profiles are set
forth in Figure 4 and will not be discussed in detail.
These soils occur as transitional phases between the Clay

Loam and Fine Sandy Loam types. They are found as small



45.

areas throughout the Superior Lowland but their total
acerage 1s small.

The Superior Series 1s characterized by a coniferous
forest vegetation. The original cover was largely white
pine with some spruce and balsam fir. In the northern
part of the peninsula a few hardwoods are to be found.
Althouzh these hardwood stands are generally found on the
Loam and Fine Sandy Loam types they may be seen on the Clay
Loam in a few places. The change in climatic conditions
between the southern and northern portions of the Superior
Lowland is probably quite important in bringing about
these hardwood stands.

A 501l very similar to the Superior was recognized
in Ontonagon County, Nichigan, as the Ontonogan Series(31).
The Ontonagon Series as mapped in Chippewa County,
Michigan, 1s a more uniformly level counterpart of the
Superior Series as recognized in Bayfield County. Further
south in Wisconsin, near Lake Michigan another large
area of heavy clay soil has been classified as Superior
by previous workers. This area, however, has not

undergone podsolization to much extent according to the

deseription of the series in Fond du Lac County(32).
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Orienta Series

The Orienta Series is almost entirely confined to

the-Superior Lowland region. The soills have been

developed from formations consistinz of sandy material,

usually fine sand, over heavy claye Three types are

recognizeds the Fine Sand, Fine Sandy Loam, and Sandy Loam.

The profile drawings 1llustrating these tvpes are shown

in Figure 5.
Profile of Orienta Fine Sand

Ao Surface litter and dark brown, dry, peaty organic

and

Al matter with a 'salt and pepper' fine sandy hums
soil. This layer 1s about 2 or 3 inches in thickness.

Ao Pals whitish-gray, loose fine sand. O<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>