j

’
i J 'y
i .
&
o /]
H 0y
/ "/ “4:
i
A |
g 7
. .-A
/
’
r - .
A re
> /s




VHESIS

This is to certify that the

thesis entitled

A Pedologic Study of Soil Profiles in the Transi-
tional Belt Betwemen the DPedzol and Gray-trown
Podzolic Regions in Michigan

presented by

Navid Rice Gardner

has been accepted towards fulfillment
of the requirements for

Master of Science degree in Soil CSeience

L.om Tewk

Major professor

Date Avgust 23, 19071

0-169




A PTDOLOGIC STUDY OF SOIL PROFILES IN THE TRANSITIONAL
BELT BETWEEN THZ PODZOL AND GRAY-BROWN PODZOLIC
REGIONS IN MICHIGAN

By
DAVID R. GARDNER

A THESIS
Submitted to the School of Graduate Studies of Michigan State
College of Agriculture and Applied Science in partial
fulfillment of the requirements for the degree of

MASTER OF SCIENCE

Department of Soil Science

1951



M ERite



ACKNOWLEDGEMENTS

Among the many people who have been helpful in the pro-
gress and completion ofthis study, the author psrticularly
wishes to express his appreciation to Dr. E.P. Whiteside for
constant advise and suggestion and a genuine interest in the
problem,

For freely given help and interest in the field work,
the author 1is grateful to Professor Ivan F. Schneider,

Dr. A. Earl Erickson contributed greatly to the success of the
study with suggestions and criticlism of the laboratory phases
of the work.

A special vote of thanks is due to the man who introduced

the author to his first double profile - Professor J.0. Veatch.

[

!
5
G, K
W't



TABLE OF CONTENTS

GENERAL STATEMENT: ¢ ¢ o o o ¢ o o o o o ¢ o o
Map of Michigan and Sanilac county. . . «
METHODSe ¢ o« o ¢« o ¢ ¢ ¢ ¢ ¢ o o o o o o o o o
PHYSICAL DESCRIPTION OF SANILAC COUNTY « « o
I: Climate « « o ¢ o o o o o o ¢ o o o o o
II: Vegetation . « ¢ ¢ ¢ ¢ ¢ o ¢ ¢ o o o o
ITII: Topograph¥e « o o o ¢ ¢ o o o o o o o o
IV: Parent material . ¢« ¢« ¢« ¢ o o o o ¢ o o
Ve A8 ¢ o o o ¢ ¢ o o o 6 ¢ o 0 o o o o o
THE LITHOSEQUENCE: ¢ o o o o o o o o o o o o o

Diasgramatic presentation of Soil Profile
Distributionocoooo'oooooooo

Photographs of members of the lithosequence
REVIEW OF LITERATURE [ ] [ ] [ L [ 3 L ] [ ] [ ] L] L ] L] L [

DESCRIPTIONS OF SELECTED PROFILES: ¢ ¢ o« o o o
Physical analyses of Profiles L-2, L-4, and

L-G [ ] L] ] L] L d ° L d L L4 [ L ] [ ] ° [ ] L] L] o L]

Description of Profile L=2. ¢« ¢« ¢ o ¢ o o o
Description of Profile L=4. « « o ¢ o o o o
Description of Profile L=6. « « ¢ o o ¢ o o
Core Sample Studies of Profile L-6. « o « o«
Distribution of Iron Oxide and Colloid. . .

PAGE

SN o0 o0 O o b o N N

(04]

11
11

12
13
17
19
21

22



PAGE
THE TOPOSEQUENCE « o o o o o o o o o o o o o o o 25
Photographs of members of the Toposenuence . 26

STATISTICAL CONSIDRRATION OF SIZXE DTSTRIBUTION
IN "PARENT MATERIAL™ HORIZONS ¢ o o o o o o @ 27

DISCUSSION [ ] L] L ] L 4 L4 [ ] o [ 3 [ L] [ ) L] o e L] L] o [ ] o 50
CONCLUSIONS. L] L] L] [ ] L] [ ] L L] e [ ] L[] o o [ ] [ ] [ ] L] ° 33

LITERATURE CITED ¢ o ¢ o o ¢ o o ¢« ¢ ¢ ¢ o o o o 36



GENERAL STATEMENT

In many of the oroblems of soil classification,
particularly in those dealing with soil survey, use is con-
stantly made of lines drawn on maps to represent boundaries
between dlssimilar bodies of soill. These boundary lines,
neat, and without width, may be drawn on the scale of a
forty acre field to separate simply dissimilar phases, types,
or series, or they may be plotted on maps of national or
international scope to delineate higher categories such as
Great Soll Groups. Whutever the scale of mepping, and no
matter how neatly the lines are drawn, it 1s all too true
that the soils themselves are rarely distributed so as to be
readlly separated by such sharp boundaries. Instead of the
neat black lines on the s80il map, solls in the field are
more commonly sepsrated by gzones or belts of a transitional
nature. In the case of zonal Great Soil Groups, such trans-
itional belts may be many miles in width and may cover exten-
sive areas,

Lying in such a transitional soil zone is Sanilsec
county, Michigan, located along the Lake Huron shore in the
Thumb region of the lower pen:insula of the State. (See Fig.l).
This area has been characterized in the past as 1y1ng astride
the boundary between the Podzol soil region to the North and

the Gray-Brown Podzolic soil region to the South. (9), (14),



PODZOL
SOiL REGION

Tocetio Sonil- 1
0C¢ én?of fenilic conntyr, (eroso=h tched), cnd sammle profiles
(Aots), with re rrct to th» zoncl =o0il resions of ' ’
Hehimon, ffter Verteh, (19).
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(19). Zonsel s01l profiles in such a transitional zone might
be expected to exhibit a morpholoxy grsdational between
those of the above zonal Great Soll Groups. The present
study 1s bzased on observations over the past two years of
these transitional profiles and their relation to different

types of parent material and to different drainage positions.
METHODS

1. Descriptions: Soil profiles are described accord-
ing to the techniques and using the terminology developed by
the Division of Soill Survey of the U.S. Department of
Agriculture. Color designations are referred to the stand-

ardized Munsell system.

2. Mechanical Analyses: The methods used are those of
Kilmer and Alexander, (10), except for one step: The samples
are not taken to oven dryness prior to dispersion to avoid the

danger of an irreversible dehydration of some of the clay

minerals,

3. Organic Matter and Lime Determinastions: These
values were obtained by the dry combustion method of Hopper,

(7), using an electric oven at 950°C,

4., pH Determinations: §Soil reaction was tested
colorimetrically in the field by means of the Truog method.
5. Core Sample Studies: TUse was made of the methods of

Thlend and O'Neal, (18). Values relating to permeability,






volume weight, and non-capillary porosity all refer to
averages of ~uintuplicate samples tsken in 3" cores,

6. Statistical Methods: Analysis of the cumulative
curves of the particle size distributions was based on the

techniques of Krumbein and Fetti john (11).
PHYSICAL DESCRIPTION OF SANILAC COUNTY, MICHIGAN

Before discussing the morphology of the soils of
Sanilae county, it is well to establish the area in time and
space in terms of the genetic factors of soil formation. As
1isted by Jenny, (8) and others, the soil forming factors
are: Climate, Vegetation, Topography, Parent Material, and
Age. These factors are evaluated individuelly below:

I. Climaste: In terms of its average annuel values for
temperature and precipitation, the climate of Sanilac county,
like that of the entire State of Michigan, is defined as cool,
humid., Because of the proximity of Lake Huron, however, the
distribution of temperature throughout the year suggests a
modified marine climate. Precipitation on the average amounts
to about 28 inches a year while the average annual temperature
of 45 degrees includes average monthly values from 23 degrees
for January to 70 degrees for July, (22).

II. Vegetation: Except for a few areas of grassy marsh
on muck and peat, all of Sanilac county was originally covered

by forest. Extensively cleared, cultivated, drained, and






5

burned, the surviving forest areas bear little similarity to
the original stands. The virgin forest association of the
county, although generalized as "Northern Hardwoods",
sctually included a wide variety of species. On sandy, well
drained sites stood nearly pure stands of White pins,

(P. strobus) while well drained medium to heavy textured soils
supported mixed hardwoods such as Birch, (Betula papyrifera),
Beech, (Fagus grandifolia), and Maple, (Acer saccharum) with
Osk, (Quercus sp.) and Hickory, (carya ovata) becoming im-
portant in the Southern part of the county. Imperfectly
drained sites produced large numbers of Hemlock, (Tsuga
canadensis) mixsd with the hardwoods while the wetter areas
supported mixed stands of Elm, (Ulmus americana), Ash,
(Fraxinus nigra), and Red Maple, (Acer rubrum) with scattered
swamp conifers. (2).

III: Topography: The topography of Seanllec county, in
common with that of most of the lower pen:insula of Michigen,
is generally restricted 1in extr‘emes of elevation aad in
steepness of slope. ZExcept for a few moralnic ridges, ele-
vations within the county lie between 600 and 800 feet above
sea level or about 20 to 220 feet above the present level of
Lake Huron. Large areas of the county were, at one time,
under the waters of glacial lakes Whittlesey and Warren and

occur today as level plains, imperfectly to poorly drained.

(6).



IV: Parent lkaterial: Except for extremely limited
outcrops of Coldwater shale and llarshall sandstone, the whole
of Sanilac county i1s mantled with glacial drift of Wisconsin
age. Originally calcareous to varying degrees, the drift
occurs as till on moraines, lake beds, and till plsains, as
water-worked drift on eskers, beaches, outwash plains and
deltas, and as aeollian sand in a few scattered dunes. The
texture of the drift varys widely from silty clay loam in the
heavy-textured till to pure sand on dunes and light-textured
moraines.

Vs Age: The Wisconsin drift of the area is represented
by two aubstaﬁges, Cary and Mankato. The Mankato material,
defined by the outer 1limit of the Port Huron Moraine, occupies
roughly the Eastern quarter of the county and appears briefly
in the extreme North-West corner. The remainder of the county,
including the bed of glaclal lake Whittlesey, is of Cary age.
As the Cary drift of Sanilac county is "Late", or "Upper" Cary,
it is probably not older than 20,000 years. (4).

Having established the area of Sanilac county geograph-
ically as representing a transition between the Podzol soil re-
gion to the North and the Gray-Brown Podzollic soil region to the

South, the zonal solls oI the area may now be considered in

relation to various types and textures of parent materisal,






THE LITHOSENUENCE

Since the well drained solls of the county are derived
from parent materials that vary continuously in texture from
sand to silty clay loam, sample profiles over this textural
range were selected for analysls and comparison. These pro-
files are presented photographically 1n Fig. 3 in decreasing
order of sand content and increasing order of lime content of
the parent materials. The profiles shown are separated by
only a few miles, (Fig. 1), all are on rolling topography,
at well drained sites, and in uncultivated areas. The parent
material of the seven profiles 1s Cary drift with the possible
exception of profile L-2, an 0ld staebalized dune, which may
be somewhat younger. Profiles L-5, L-6 and L-7 have formed
on relatively unstratified glacial till and profiles L-1, I-3,
and L-4 on water-worked drift, The natural vegetation pro-
bably varied from nearly pure stands of White pine on the sands
through mixed coniferous-deciduous species on the intermediate
textures to predominantly hardwood associations such as
Oak-Maple-Beech on the heavier textures.

The seven profiles shown may be thought of as members of
a lithosequence of textures, (although there were also vegeta-

tive differences as pointed out above), and as such are

arranged diagramatically in Fig. 2 according to the textures of

the parent materials on the horigzontal axis., The depths in
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feet from the top of the A} horizons are shown on the ver-
tical axis. The permeability of the parent materials and
the thickness of the profiles decrease with the sand content
of the parent materiels. The lime and clay contents of the
parent materials generally increase as the sand contemt of
the parent material decreases,

Consideration of the lithosequence indicates clearly
that the sonal soil profile of this region 1s of a double
nature with two distinet Bz or accumulation horizons each
underlying an eluvial er Az horlzon,.

The horizon designations in Fig. 2 bear the subscript
P in the upper horizons and GB in the lower horizons. These
subsoripts are used to indicate that the morphology of the
upper horigons is typically that of a Podgol soil profile while
the properties of the lower horigzons strongly suggest those
of a Gray-Brown Podazolic soll. (In the acanf literature on
double profiles, there is no standardized system of horizon
desi gnation).

While all members of the lithosequence exhibit the
double profile, the important difference seen in Figs. 2 and 3
1:7§Le sand-derived member is essentially a Podsol with only the
faintest of lower horizons while, at the opposité textural ex-
treme, ths profile formed on silty clay losm is typically
Gray-Browm Fedszelis with the entire upper Podzol horizons com-

pressed into the surface few inches. In many places at the
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heavy-textured end of the lithosequence, the Agp horizon in
discontinuous and the upver profile suggests that of a Brown

Podzolic soil.
REVIEW OF LITERATUEE

The occurrence of these so-called double profiles in
Kichigan has been previously reported by Veatch and Millsr,
(20) who observed a leached horizon lying between the upper
orterde and a lower, heavier-textured B horizon. More re-
cently, descriptive and analytical work by Cline and Frei,
(1), (5), has revealed the wide-spread occumence of double
profiles in New York. Canadian pedologista, particularly
Stobbe, (17) have observed these profiles and Lyford, (13) re-
ports that soils considered to be modal Gray-Brown Podzolic in
Ontario actually exhibit the double profile. Pecrot® reports

the existance of such profiles in Belgium.
DESCRIPTIONS OF SAMPLE PROFILES

In order to study more closely the characteristics of
the members of the lithosequence, three profiles were selected
for description, analyéia, snd comparison., Analyses of these

three profiles, L-2, L-4, and L-6 are given in table 1. The

profiles are discussed individually below:

#indre Pecrot, Personal communication
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Profile L-2: Sand

Location: On range line, center point of West side of sec-
tion 16, T 10 N, R 14 E.

Physiography: Steep stabalized horse-shoe dune ridge.

Profile:
Horizon: Depth: Description:

Ay 0-2"  Yellowish Brown (10 YR §/4) fine sand
with weakly developed fine crumb
structure., Represents a recent
aseolian deposit on the true profile.

Ay 2-6" Very dark brown (10 YR 2/2) fine sand
with weakly developed fins crumb
structure.

Aop 6-14" Light gray (10 YR 7/2) fine sand with
single-grained structure. (Bleicherde).

Bop 14-20" Dark reddish brown (5 YR 5/4) fine sand.
Ortstein discontinuous with orterde.
Cemented structure with fragmental
cleavage.

AggR 20-36" Brownish yellow (10 YR 6/6) fine sand

with single-grained structure.

Bogg 36-36.5"  Dark yellowlsh brown (10 YR4/4) fine
sand, very weakly cohesive.

C 36.5-42"  Brownish yellow (10 YR 6/6) fine sand
with single-grained structure.
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Profile L-2, witn a fine sand texture throughout, re-
presents a sliceous, permeable, acid member of the textural
sequence. The upper Podzol profile here is at a maximum
with a strong though discontinuous ortstein development and

a thick, strongly acid bleicherde. The parent material 1is

quartzose sand and the original cover was white pine
(P, strobus). The lower Bggg horizons are almost too faint
to be recognized. They exhibit no significant clay

accumulation, but show enrichment in free iron oxide ( See
Fig. 6), and a very slight enrichment in organic matter

(Table I). Microscopic examination of these lower horizons

before and after treatment with hydrochloric acid reveals that
the iron oxide is present as stable coatings on quartz grains
of fine sand and silt size. These horizons are typically

multiple 1n occurance as seen in the photographs of profiles

L-1, L-2, and L-3 (Fig. 3). Figure 4 presents a close-up

of these horizons at a depth of 4 to 7 feet showing their
characteristic irregular and overlavping configuration.
Although reported by certein Russian pedologists, the

brown wavy bands described above have received scant

attention in this country except for the work of Smith, et.al.(16).






Figure 4

15
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These workers observed similar multiple horizons underlying
the very sandy Prairie or 2Brunigra soils. They have also
been observed by the author uncerlylng the very sandy Gray-
Brown Podzolic soils.

The suggestion has been made that such horizons are
geologic in origin and represent surfaces at various stages
of deposition. The author has investigated thils possibility
and has concluded that such is not the case for the following
reasons:

as. The horizons are independent of mode of depositi on
a8 indicated by the great similarity of morphology whether
formed on windblown sand, (L-2, Fig. 3), or water-worked drift,
(L-1, Fig.3). The horizons may be seen to cut across bedding
plains.

b. The bands frequently over-lap one-snother and may
even form over-hanging surfaces (Fig. 4), which are not typiecal
of depositional surfaces.

Ce Precis; determinations of mechanical snalyses above,
below, and within the horigzons reveal no significant variebility
in particle size distribution of the sands which would
certainly be the case were the bands actually strata rather
than horizons,

d. These horizons are found only above the zone of free

carbonates. In deep cuts where calcareous sands are reached,
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generally at 10 to 12 feet, the lowest brown horizon is found
in contact with or directly above the carbonate layer and

no additional horizons are seen below,

In view of these characteristics, the most plausible
hypothesis for the genesis of these horizons appears to be one
of successive precipitation of iron oxide and possibly organic
matter at or neaf the carbonate zone. As the carbonates have
moved down, additional horizons have been built so that the
youngest are on the bottom and the oldest are on the top. The
uppermost few horizons are generally wesk and may be in the
process of decomposition. The periodicity of this profile

formation, however, is still unexplained.
Profile L-4: Sandy Loam,

Location: 200 yards East of a point 1/4 mile south of the inter-
section of Iles Road and Smeckert Road, Sec., 26, T 21
N, R 13 E.

Physiographys: Small, rolling morainic ridge.

Profile:
Horizon: Depth: Description:

Ay 0-2" Black (10 YR 2/1 moist) fine sandy
loam with weakly developed medium
crumb structure.

Aop 2-5" Light gray (10 YR 7/2 moist) fine
sandy loam with single-grd ned
structure.

Bop  5-9" Yellowish red (5 YR 4/8 moist) fine

sandy loam with medium crumb
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structure, and some evidence
of cementation.

9-27" Brownish yellow (10 YR 6/6
moist) fine sand with single-
grained structure,

AogB

Bogp 27-37" Reddish brown (5 YR 4/4 moist)
sticky sandy loam with very
weak blocky structure,

C1Dy 37-68" Brownish yellow (10 YR €/8
moist) medium sand with single-
grained structure,

Do 68"+ Yellowish brown (10 YR 5/6
moist) very fine sand,
calcareous with single-greined
structure.

Profile L-4 occupies the central position of the
lithosequence and exhibits an spproximate ecuality in develop-
ment of the Podzol in the surface and the Gray-Brown Podgzolic
horizons belows The stratified nature of the parent material,
however, makes interpretation uncertain without additional
mineralogical studies. The ng. a strong orterde, shows a
significant accumulation of organic matter, free iron oxide,
(Fig. 6), and clay. The typically Gray-Brown Podzolic Bggp
horizon contains a strong accumulation of clay and some iron
oxide, but only a slight enrichment in organic matter. The
horizons directly below the B2gg, although occupying the C
position, are designated CjDjand Dy since their mechanical
analyses indicate that they differ somewhat from the true

parent material of the solum. The upper of these two horizons,
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the C;D; 1s neutral, while the lower, the Dg contalns 6.4%

CaCOg3,

Profile L-€6: Loam.

Location: 670 feet East of fence corner 0.4 miles South of
intersection of French Line Road and the Tuscola
county line. Sec. 30, T 12 N, R 12 E.

Physiography:
Profile:
Horigzon:

Ay

Rolling till plain.

Depth:

0“2.5“

2.5-3.5"

5.5"7"

7-12"

12-18"

18-26"

Description:

Very dark brown (10 YR 2/2 moist)
sandy loam with weakly develop-
ed medium granular structure.

Pale brown (10 YR 6/3 moist) sandy
loam, discontinuous with wesakly
developed medium granular
structure.

Strong brown (7.5YR 5§/8 moist)
loam with weakly developed me-
dium to fine crumb structure and
irregular lower boundary.

Yellowish brown (10 YR 5/4 moist)
loam with medium angular blocky
structure,

Dark yellowish brown (10 YR 4/4
moist) loam gradational between
the horizons aebove and below,
medium blocky structure.

Dark brown (10 YR 4/3 moist) clay
loam with strongly developed coarse
blocky structure and some evi-

dence of colloidal coatings on the
structural aggregates,
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C 26" Yellowish brown (10 YR §/4 moist)
loam with well developed medium
to thick platy structure,
calcareous,

Profile L-6, derived from a loam till, shows the tend-
ency toward the weakness of the upper Podzol horizons on the
heavier-textured parent materials of the region. In this
profile, the C1 horizon is lacking, the Bosp lying directly
upon the parent material, which is in this case a highly
calcareous till (17.2% CaCO3z). The upper Podzol B or Bop
horizon is of the orterde form with an acocumulation of organic
matter but with a clay content only slightly higher than that
of the horizon below and definitely lower than that of the C
horizon., Fig. 6 indicates that the Bop horizon also includes
an accumulation of free iron oxide, but to a lesser extent
than does the Bogp horizon. Soils with similar profiles a
few hundred yards away were correlated as Miaml loam, a widely
recognized Gray-Brown Podgzolic soll in the Tuscola county soll
survey (3).

To study the physical properties of the horizons of
Profile L-6 in an undisturbed state, use was made.of the core
sampling techniques described by.Uhland and O'Neal (18),
Values of permeability, volume weight, and non-caplilary porosity

for four levels of the profile are given in table 2 below,
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Depth Horizon(s) Texture Fermeabllity Vol.Wt. Non-Cap.
(in./nr.) (gm./ce) p?é?sity

C=-4" Al, Agp, B2p loam l.62 1.35 11.22
6-10"  Agsp loam 0.14 1.48 9.50
18-22"  Bogp clay loam 0.01 1.67 5.46
28-32" c loam 0.06 1.82 6.05

Table 23 Physical constants for Profile L-6

Since the depth of the core, (3 inches) was greater
than the thickness of some of the.aurface horisons, the three
Podzol horizons are represented by a single sampling zone.

In table 2, the BZGB horizon stands out clearly with the
lowest permeability and the lowest non-capilary porosity values
in the profile, Similarly, the composite surface sample ex-
hibvited the greatest permeability and non-capiliary porosity
values and the lowest volume weight, The greatest volume
weight 1s found in the calcareous till of the C horizon. The
greater volume weight of the C horizon in spite of a non-
capilary porosity which is higher than that of the B,,, may
be accounted for by a loss of CaCOz from the Bpgp, Calcite,
(specific gravity 2.71) 1s heavier than either silica or the
clays which have accumulated after removal of the lime. The
extremely low permeablility value of the Bogpg horizon, (0.01
in./hr.) suggests that a considerable portion of the rain

water falling on such a saturated soil on rolling topography
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might tend to move diagonally along the top of the Bogp

horizon rather than vertically through it.

DISTRIBUTION OF IKON OXID® AND COLLOID

Further evidence of the distribution of colloldal matter
and iron oxide throughout the three profiles is seen in Fig. §
and 6., Flg. 5 shows the materials in suspension from eqcual
portions of the various horizons when dispersed in equal volumes
of water. Profiles L-4 and L-6 were allowed to stand for six
days while profile L-2, with very little clay, was photographed
after only six hours suspension., In all three cases, all ma-
terlal visible 1s of colloldal size. Fig. 6 shows the dis-
tribution of iron oxide throughout the profiles by comparing
air-dry samples with igwited samples, (9500 for 12 minutes), of
the same horizons.

These pictures indicate clearly that both B horizons,
the Bop and the Bogp represent zones of accumulation of both
clay and a red mineral fraction, presumably iron oxide. It 1is
further evident that in the heavy profile, L-6, the stronger
B horizon, both in terms of the red mineral accumulation and
of clay enrichment is the Bggp while, in the profile formed
on sand, L-2, a slightly greater development occurs in the
Bop horizon. In the intermediate texture, L-4, the lower B
horizon is somewhat more strongly.developed but there 1is

clearly an accumulation zone in the Bgpabove. An interesting
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observation on Flg. €6 1s that the Al,horizon in the 1gnited
state 18, 1n all three profiles, darker than the ignited

Aop. Thus, the dark colors of the Ay horizons are due not
entirely to organic matter, but also to oxides, presumably of
iron and mangsnese, which are less abundant Iin the underlying

horlzon, the Agp or blelcherds,
THE TOPOSE"UFNCE

In the consideration of the lithosequence, an attempt
was made to compare soll profiles as functions of parent
material., It is also possibls to dbserve the morphology of
double profilea'aa a funotion of topography, parttcularly
drainage position. Thue, profiles of similer texturo may
form a topbsequence from well drained to poorly drsined sites.
Such a topose~uence or catena 1s seen im Fig. 7. Here the
profiles are arranged in the order of decreasing height above
the water tables Profile T-1l is well drsined, T=-2 1s moderately
well dralned, T-3 imperfectly to poorly drasined, and T-4
poorly to very poorly drained. Tha druilnage terminology used
here 1s that adopted by Rogers, et.al. (15), The parent
materisl of all the profiles 13 of & loam texture. It should be
noted that profile T-1l of the toposenuence is identical with
profile L-5 of the lithosequence, (Fig. 3). Thus the litho-
sequence may be thouzht of as a "horizontal™ senuence while the

toposesuence is "vertical", the two groupings crossing at the
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well drained loam, profile L-5 or T-1,

Inspection of tne four rrofiles iIndicates that while
the double profile 1s evident in profiles T-1l and T-2, 1t
does not appear in the wetter sites, T-3 and T-4. It aprears
therefore, that solls derived from a loam parent material in
this area will exhiblt the doudle profile only in sites which
are well or moders%tely well drained. Additional field ob-
servation hés snown that 1ln the lighter textures, sandy 1oéms,

and loamy sands, the double profile might extend down the
ctene to D r o e LoDt e mocd don, ’t no
point, however, has the double proflle been observed at lo-

cations wetter than the imperfectly drained position.

STATISTICAL CONSIDSRATION OF SIZE DISTRIBUT ION
IN "PARENT MATERIAL" HORIZONS

To examine the relationship between mode of deposition
of parent material and double profile development, a statisti-
cal analysis was made of particle sige distribution in one

horizon of each ef prciiles L-2, L-4, and L-6. It should be
noted that horizons Cj of profile L-2 and horizon C)D] of
profile L-4 are mot truly the parent material of the profiles
since they have been leached of lime and, in the case of the
C1D1 horizon, have been modified somewhat by stratification.
For this reason, the words parent material are placed in
parantheses above,

The cumulative curves 2f the particle size distribution
of the three horirons are seen in ig. 8. Statistical values

derived from the avove curves are listed in table 3,
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Table 3 29

Statistical values from "parent material®™ horizons

Statistic: C, horizon of (D3 horizon C horizon of
Frofile L-2 of Profile L-4 Profile 1-6
(aeolian sand) (water-worked (glacial till)

drift)

P10 0.07 mm 0.12 mm 0.0005 mm

B35 = Q) 0,96 mm 0.20 mm 0.004 mm

Pso = N2 O.13 mm 0285 mm 0.025 mm

Poo 0,27 mm 0.72 mm 1.20 mm

Sorting coefficient:

So'Qqqs/Ql 1.40 1.55 5.68

Quartile

Kurtosis:

Kq‘-

Q3 - /2 0.21 0.23 0.53

Pgo- P10

Range: 1.00 mm 7.00 mm 14,0 mm

O 0 0 0 00 00 00O 0O 00000 OO0 00O OO OO P OO0 OO0 OO0 OO0 0S NSO ONEOSOPINOINOSNEONOSENSPOEORNDOSNOS

Field estimation by the author had indicated that profiles
L-2, L-4, and L-6 had been derived from parent materials which
were dune sand, water-worked drift, and glacial till, res-
pectively. The statistical analyses have borne out these con-
tentions. The sorting value, limited size range, and marked
kurtosis (grouping around a central point) of profile L-2 are

all typical of aeolian deposits. The poor sorting and extreme
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range of particles in profile L-6 clearly show the ice de-
position of glacial till while the values for profile L-4,
intermediate between the other two, indicate water deposition.
Microscopic observation of sands of the 0,50 - 0.25 mm se-
parate from the three profiles revealed a high degree of
roundness with some frosting in the dune sand, markedly less
roundness of particles in the water-deposited material, and
appreciable angularity in the glacial till,

The conclusion to be drawn from the statistical data
is that the development of the double profile 1s not related
to mode of deposition of the parent material and i1s independent

of geological stratification.
DISCUSSION

The occurence of both orterde and clay-accumulation
types of B horizons in these zonal soils poses some perplexing
problems concerning the nomenclature of the individual horizons
and of the solls as a group. The A1, Agp, B2p, A2gB, and Bggp
horizons, (tentative annotations adopted in this thesis) are
all essential parts of the morphology of these so0ils as was
pointed out earlier by Veatch and Millar (20). Only the A},

Agop, and Bop horlzons are ususlly considered as characteristic

of the Podzols and only the A,, Aygp, and Bygp horlzons are

usually considered as characteristic of the Gray-Brown Podzolic
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soils. Should thasse solls be in still another Great Soil
Group? If not, to which of the preceding groups should they

be assigned? Tentatively, in lilchigan, they have been assigned
to a subdivision of the Podzols (21). Because of the lack

of a final correlation for the soils of Sanilac county, the

use of series names has been omitted from this paper. A
further problem in horizon nomanclature is the desigmation of
the layers between the multiple Bysp horizons of the coarser-
textured profiles L-1, L-2, and I-3 in Fig. 3.

Several possibilities have been advanced to account for
the genesis of these double profiles:

A: The suggestion that the upper profile 1s the result
of the weathering of a more recent geologic deposit on the
lower profile i1s not borne out by the statistical evidence given
above nor by the relatively uniform distribution of stones and
gravel in profile L-6 and the uniform fine sand composition of
profile L-2. There is no geological evidence to supnort any
claim for two different ages of parent material in these pro-

files,
B: The hypothesis that the upper profile is a Ground

Water Podzol formed due to drainage being restricted by the

lower Bggp horlzon may be operative in some cases but does not
explain the double profile in sites where drainage, both ex-

ternal and internal, is well developed, as in the present examples.

C: The genetic theory proposed by the workers in
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New York (1), (5) stating that the upper Podzol profile is
the ydunger, having formed in the acid, relatively siliceous
A5 horlizon of an earlier Gray-Brown Podzolic profile seems
possible, Thus, there may be & loglical chronosequence of de-
velopment from Gray-Brown Podzelic to Podzolic profiles, more
active in siliceous mateorials, and possibly accelerated by a
change in climate toward slightly colder conditions. If this
be true, then it is evident that the time required for this
saquence of events is shorter than post Mankato time since
the profiles described herein on the Cary drift of Sanilac
county are also present on the till devoslits of Mankato age
in the same area.

D: The natures of the Podzol and Gray-Brown Podzolic
B horizons, particularly on the more calcareous and
argillaceous parent materials, are quite different: The Podzol
B horizon 1s characteriged by an accumulation of organic matter
and sesquioxides and a granular or cemented structure. The
Gray-Brown Podzolic B horlzon is differentiated from the
overlying and underlying horizons by a greater content of
silicate clays and a well developed blocky structure. It may be
possible that the processes active in the formation of these

two kinds of B horizona are operating simultaneously on the

climatic border between the Podzols and the Gray-Brown Podzolic

soils,
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CONCIUSIONS

While generalizations cennot be applied over too wide
en area, it is felt that the considerations of soil genesis
and morphology presented hereiln are representative of zonal
soils in Sanilac county and, to some extent, of the soils of
the entire central portion of the lower penﬁinsula of
Michigan., The zonal soll profile for this reglon thus emerges
as a double profile. While the upper horizons are clearly
those of a Podzol, they are underlain by what appear to be
the Ao and Bg horizons of a Gray-Brown Podzolic soil profile,
The Podzol horizons are more strongly expressed on coarse
textured siliceous materials while the Gray-Brown Podzolic
horizons are best developed on the more calcareous and
argillaceous materials.

In terms of land use, little has been done to evaluate
the significance of the double profile. Bartelll¥®, however,
reports that workers in the Soll Conservation Service have
observed a noticesble difference in crop productivity between
Podzol soils which are underlain by a& heavier B horizon
(double profiles), and those which are not. This difference 1is
apparently due to the root feeding zone supplied by the BogR
horizon.

Considerations of catena relationships indicate that

%L. J. Bartelll, personal communication.
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in loam textures, the double profile does not form in drainage
positions wetter than moderately well drained. Profiles de-
veloped in materials of lighter texture may exhibit the double
profile at the imperfectly dralned position.,

A statistical study of particle size distribution in
"parent material" horizons indicates that the doublé profile
will develop regardless of whether the parent material is
wind-deposited, water-deposited, or 1ice-1laid.

W#hile the present study was conducted in a limited
geographical area of nearly constant climatic environment, the
considerations discussed under the lithosequence suggest the
possibllity ghat the changes in horizon distribution from the
Podzol soil region across the transitional belt to the Gray-
Brown Podzolic s0il region msy be similar to the changes
observed in horizon arrangement in the lithosequence of Fig. 2.

The author concludes that all horizons of the double
rrofile are genetic and are the result of the succession of a
younger Fodegol proflle in the A2 horizon of an older, deeper
Gray-Brown Podzolic soil, or the simultaneous development of
all the horizons,

Regardless of the mode of formation of these profiles,
they have a morphology which 1s distinctly different from that
of eilther the Podzols or the Gray-Brown Podzolic Great Soil
Groups. This raises some puzzling questions concerning the

nomenclature of the soil horizons and the assignment of these
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s0ils to a definite Great Solil Group. The need for a better
understanding and definition of the podgzoligation process 1is

sprarent,
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