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: _dharactéristics,of Spodosols Devéloped on a?Ifﬂa”
; Sandy Topo-biosequence in Northern Michiganlv

' - 3. B. Collins and E. P. whicesidez
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ABSTRACT [
. ‘ |
-Seven pedons, representing five soil series, were sampled in a |

: I
frelatively straight line along a sandy, topo-biosequence of Spodosols i
I |
in northern Michigan. The wet end of the transect is in a poorly- |
|

l

I

!

I

|

!

|

|

I

|

I

!

i

I

I

!

drained organic bog, and the dry end of the transect is on a well-

|
'hrained sand ridge. The characteristics, degree of development and

!
classification of the Spodosols, in relation to the different natural
I

drainage classes, were investigated. Tn addition, the distribution of

|
the soils was compared with the distribution of the vegetation along

l
“he slope of the study site.

; The site index of jack pine (Pinus banksiana) and the depths of

Flant roots increase as the depths to the water table or ortstein

.hayer increase. Certain plant species have their maximum cover on one |

Fr more given soil series, but the overall vegetation is best describedj

Fs.a Pinus banksiana forest--Chamaedaphne calyculata bog transition. f
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"} Startln" at the wet end of the toposequence, the sequence of .
I
|
[(s
I
i
i
]

'Lhe bog in. thcse profiles that are subjected to a combinatlon of

,faiLernately wet condition and flushing moisture regimes.

Lfsoils is as follows: Histic Haplaquods (Kinross) > Aeric Haplaquods .

of weathering incrcases with proximlty to LH‘ oil surface“r'

1
|

data a]so show-thaL the somexhaL poorly—dralncd ptoflles

i
*edne of thc bog, and poorly—dralned profilcs in the bog are ‘the most

.and leas t vnathored, res nectivcly.

The ma\imum spodic horizon development occurs along the edge ofﬁff

(s dugatuck) - Entic Haplaquods (AuCles) - Entic Haplorthods (Croswell

|

l

!

I

!
I
]
O
l

!

}

l

‘and Glaycalm) At the family level, all the soils of the toposequence:

are classified as sandy, mixed, [rigid, except for the Saugatuck serics

¢
t

I

iwvhich also includes an ortstein layer. The above differ from the current
jclaseificatdions of Kinross as a Typle llaplaqued, Saugatuck as a mesic

| .
,family, and Graycalm as an Alfic Udipsamment:.

Additional key words for indexing: toposcquence, Aquods and

1
i
I
!
!
l
10rthods, spodic horizons.
!

!

|
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4Introduction

i A gradationrin the moisture reglme occursbalong the slope of ai;j:I
toposequence; and the soils have developed under different naturallan'
drainage conditions.i In humid areas the well-drained soils of the I
toposequence are subjected to leaching and oxidizing conditions for 'I
the greater part of the year, while the soils with a high water table I
are subjected to more limited leaching and more reducing conditions Ii
for the greater part of the year (Russell 1966). Milne (1936) ‘n"IT
introduced the concept of the soil catena for those soils that have‘ E
developed from a similar parent material but differ  in character—‘ :
istics of the solum owing to differences in the natural drainage. !
Glinka (1927) described the characteristics of some Podzol soil I
profiles developed under different moisture regimes as having differenLes
of considerable magnitude. He attributed the differeuces to the
natural drainage and other features of the topography. Johnsgard
(1938) studied some Ground-Water Podzols and associated soils, and
indicated that the various profiles in the association appeared to owe:
their distinctively different morphological characteristics to
differences in the natural drainage of the site on which they occurred

He ohserved that the order in which the soils occur, as one procecds
|
'

I’
I
|
I
|
I
I
I
I
|
|
!
I
I
|
I
|
I
I
|
I
I
|
I
|
|
!
|
|
|
I
I
I
|
|
I
|
| £rom sltes of the poorest natural drainage toward successively better ,
| ' !
[dralnagn, {o as followst  Bog Soll, Bog Transition Phase Ground- :
]

;un!ut Podiioly und My Sandy Podeol. From thelr study of a hydrologic i
IPodzol seclen, Mattson and Ltnnemark (1939) repovtoed that, starting I
[}
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lat the wet end of the series, the sequence of: soils is as follows.
| Peat Podzol, Humus Podzol and Iron Podzol: L | :

There is a close relationship between the vegetation; n&tural
drainage, and type of soil profile that develops at a particular
site. A high water table and reducing conditions are inimical to roo

development of many plants. These also slow up decomposition of

organic matter and favor shallow rooting plants and peat formation

(hydrophytes, xerophytes, and mesophytes) characteristic of wet, dry,
and moist habitats, respectively. The vegetation of the hydrologic
sequence of podzols studied by Mattson and Lonnemark (1939) consisted
of pine and spruce forest with a variable ground vegetation. The
sequence of ground vegetation from the wet to the dry end was as

follows:Polytrichum commune, Ledum palustre, Vaccinium uliginosum,

|
|
|
|
I
|
!
|
|
|
| (Russell, 1966). Warming (1895) proposed three classes of plants
|
|
I
I
I
|
!
|
|
l
|
I
I

{Empethrum nigrum, Vaccinium myrtillus, Calluna vulparis, Vaccinium

=!1£1§_ig£3, and Cladonia. Bouma et al. {(1969) found that Podzols on
| well drained sites are indicated by the growth of heather and

I blueberries, and on moderately well drained sites Calluna sp. and
‘!EEEJEAEE sp. are always dominant. Byer (196%) described the vegeta=-
:lion at the site used in the present study as a )inus-Chamiedaphno

{ ‘
jrrane tien, ) '
: Phita atudy was comdeet b te fnvest fpaen the degree of development,
"chmm tentut bow and chaaltieatton of the Spodusals {n relation to (he
;dllfncrnt tataral dealuage claseea,  In additfon, the diatribut ton of
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k{;he ‘golls was compared with the distribution of the vegetation along
:the slope of the study site.
. " DESCRIPTION OF THE STUDY AREA AND
: g . OF THE PEDONS SAMPLED
: - The study area 1s located in the northern part of Michigan s

N

| lower peninsula in south central Crawford County. It is 1ocated in

| what is known as the "Jack Pine Area" of Michigan. The soil parent

| materials are extensive areas of sandy and gravelly tills and outwash
}plains of late pleistocene age. These plains are pitted with glacial
lkettlenholes. It is along the border of one such depressional area
:that the study site is located. This kettle is occupied by a poorly-
:drained, acid bog of the type known as "leatherleaf" for the
:dominant shrub cover.

: The area selected for study extends from out in the bog to the
|

well-drained soll on a sand ridge. Hence, the study area is a Pinus-

|
I
1.
S
I
S
.
e
e
I
-
[
|
|
|
I
I
|
I
|
I
I
|
I
N
[
[
I
| |
}Chamaodnphne tranaition, a sandy topo-biosequence, and it includes !
|
:nearly the whole range of spodic horizon development commonly obaerved;
lin Michigan (from u Hrown Podzolic, Graycalm to the Ground Water :
| i
!Podlol. Saugatuck with an ortstein subsoll), ;
: Beven pedonn, reprenenting five noll series, were deacribed and
:lamran in a relatyvely atradpht line along the alope sradient, The

i .
preauttdog sl pofite toacriptlone ate whown Letow tn Tahle L,
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| METRODS OF ANALYSIS

: : Hydrogen ion activity was determined on air dry samplesvwizﬂ

Ithe Hellige-Truog colorimetric kit and with a Beckman Zeromatic pH,ﬁ,;

:meter using the following soil—llquid ratios: 1:l soil-HZO 1 2 soil-

0.01M CaCl,, and 1:2 soil-1.0N KCl (Agronomy No. 9, part 2, 1965)
Cation exchange capacity was determined by the NaAc method (Soil

Survey Investigation Report No. 1,°1967). t

Calcium, magnesium, potassium and sodium were extracted by use

of a 1,0N NH,Ac solution. The leachate was analyzed for calcium and

Spectrophotometer, and for sodium and potassium by use of a Coleman
Flame Photometer (Jackson, 1958).

A Leco carbon analyzer, Model 598-500, with digital readout was
used to determine the total carbon content of a 0.1 gram sample. The
jron and aluminum of a 2.0 gram sample were extracted by use of a
0.1M Naé P207 solution, and the extract was analyzed with a 303 Model !

|
|
I
I
|
|
I
I
|
I
|
!
I
!
I
|
|
|
I
|
I
|
|
|
| ~.vkins-Elmer Atomic Absorption Spectrophotometer. In addition, iron !
.  aluminum were also extracted by use of the dithionite-citrate
method (Soil Survey Investigation Repert No.o 1, 1967).

I
|
|
|
1
I
|
I
I
|
I
|
I
I
|

magnesium by use of a 303 Model Perkins-Elmer Atomic Absorption ;
|
I
I
|
'
i
I
|
I
|
|
|
I
i
I
|
|
The pipette method was used for the wechanleal analysis of the !
i
1

2 mm soll waterial,

a e e . - — ——— —

The ¢lay minerals were fdentificd Vo woandard X-ray diffraction
!
Veachadqueon (Agronomy Noo 9, part 1, 1900, ihe mincvaly of the flua

‘ '
Vaand fractton (0,25-0.10 mm) were detwrnt . od by standard mineralogical

L B - - S T R L T I i . e wwr e e GEm ES W S
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[ regularly spaced traverses with the aid of an automatic recorder
i
| (Beinrich 1965).

o Site index measurements for Jack Pine (Pinus banksiana) were

made by using the method of Gevorkiantz (1956). The vegetation was
vescigated by analyzing the data collected from quadrats (1 x 1
meter) that were randomly located in the study area (100 x 100 meters)

Byer (1960 and 1965).

I
|
|
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I
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!
!
I
I
|
|
|
|
l
|
|
|
|
|
l
|
|
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|
l
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|the soll surface., St. Arnaud (1961) demonstrated that significant |

- I
=amounts of sand were lost from the coarse sand fraction of the Ae and |
:Cl horizons of’a Grey Wooded soil when they were subjected to 200
cycles of freezing and thawing.

Except for the two Kinross soils, where the maximum clay occurs

in the B2 horizons.

|
I
|
I
|
|
in the A2 horizons, there are slight clay accumulations (Figure 3) |
|
|
Using the totals of the fine materials (silt plus clay) in the |
I
profiles the following sequence is apparent: No. 4 Saugatuck=-Au Gres »
No. 5 Au Gres-Croswell = No 6 Croswell-Graycalm = No. 7 Graycalm >
No. 3 Saugatuck > No. 2 Kinross (better drained) > No. 1 Kinross
(organic surface). This suggests that:

1. The excess molsture at the wet end of the transect has

severely reduced weathering,
2. Deficiency of moisture at the dry end of the transaect has

8lightly reduced weathering.

3. Conditions favoring formation and accumulation of clay and

the water table in the sofl profile is subjected to
considerable fluctuations,

4. The organic mat on the Kinross soils may yave roduced frost
action.

lttnn oxrhnngv capacliy nnd oxrhanyvnhln bunog

Cation axchango capacity and oxchangeablo bases (aum Ca, K, Mg,

|
|
I
I
I
I
|
!
|
|
1P
!
|
I
I
|
!
!
I
|
!
|
|-
|
|
|
I
I
I
|
I
|
|
I
|
|
!
|
!
I
N
|
l

|
|
I
|
I
|
|
|
I
|
|
|
I
I
|
!
I
slit occur alone that portion of the transect where :
|
I
|
|
!
|
|
|
I
|
|
|
-
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lNa) are always highest in the organic matter-rich Al horizons (Figure |
. |
4). Exchangeable bases tend to decrease with increasing depth from |

|
~TEA

the Al horizon. Cation exchange capacity (sum of bases plus BaCl2

extractable acidity), for the five less well-drained profiles, shows
a maximum in the upper B horizons and then decrcase to lower values

in the C or lower B horizons. For the two best drained profiles

highest values in the Al horizons to the lowest values in the A'2
horizons, with an increase being exhibited by the A2' & B2t' horizons,

I
|
I
I
|
|
|
I
|
|
| (Nos. 6 and 7), CEC values show a continuous decrease from the
I
|
|
|
I
| In ecachh of the seven profiles, the exchangeable bases are
|
I
|
]

These data suggest that the amount and distribution of bases in

the soils are related to the movement of water through the profile

along the edge of the bog, in the Saugatuck profile, probably as a

|
l
|
I
|
I
|
I
|
|
|
|
I
|
|
|
|
|
|
|
|
|
!
|

result of enrichment by drainape water from the surrounding better-

I

|

|

|

I

|

!

}which may be at a minimum in the Kinross soils. Bases are highest

|

|

|

I

idraincd soils. 1In addition, the data also shows evidence of nutrient
|
!

cycling where bases are returned to the soll surface by the vegetation,

renrlehing the AT horizons and the A2 horizons of the better-drained

jpolla,

|

Minevalogy of sand and elay fractfonn
guriay aracrionn ’

: The largent percentage of the feldspars were identificed as I

|
|

—— e we e . . i T
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| minerals, respectively.

‘ilmelauite and grossularite, and: en e contain no iron. The sums,of

within and among the profiles, indicate that the seven soil profile :
have developed in heterogeneous materials. However, the minerel
suite is the same for all profiles which indicates similarity in“the :
original parent materials. -

The ratios of resistant mineral/weatherable mineral generally:
tend to decrease with increasing depth which means that the intensity'
of weathering decreases with increasing depth. Thase ratios alsoitlf

show that the soils in the bog and the soils along the edge of the*'

bog are the least and most weathered, respectively.
Quartz is the only mineral that accounts for more than‘ebiﬁbot
less than 90% of the mineralogical composition of the fine sand
fraction of these soils. Hence, these soils have mixed mineralogy
(Soil Taxonomy - 1970). G

The clay fraction of all horizons contain kaolihite'end:quartz.:;

R ey R HE SRR

, The clay of the least altered horizons of the seven profiles containj

the following clay minerals: illite, chlorite, and chlorite-vermicu-

|
I
.
I
I
|
I
I
I
l
I
I
I
I
I
I
I
|
|
l
|
!
I
I
I
!
|
I
I
I
|
|
|
|
I
I
I
!

: .
lite intergrade. Each of the spodic horizons in the seven profiles -
P

= 713

CPAUE:
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Vegetation along the topo-biosequence

The distribution of discrete illite, chlorite and kaolinite in

the profiles suggests that these clay mlnerals are being weathered

Montmorillonite occurs only in the Al or A2 horizons and has

|
|
l
!
l
out of the upper parts of the profiles. :
|
I
probably formed in situ from illite, chlorite and chlorlte-vermlculit%

intergrade, through vermiculite (Franzm ‘=r et al. - 1963, and Ross -

The site index of jack pine (Pinus banksiana) increases as

natural drainage improves from poorly to well-drained (Figure 5).

The relatively low site index at the wet end of the transect can be

poor aeration. The relatively high index at the dry end of the
transect can best be explained by the absence of a high water table
and the presence of the thin Bt bands which serve to increase the
available water and nutrient supplies within the reach of plant roots.
These conclusions are in agreement with the tree growth observations
of vanEck (1958) and Shetron (1970). !
Byer (1960 and 1965) studied the vegetation along the moisture
and slope gradient used in this study. The discussion which follows
is based on his investigations. {
The specles area curves show that the flora of Kinross 1is the

!
|
|
!
i
|
|
|
l
|
|
|
|
I
I
|
|
|
I
| Th
|
I lained by the presence of the high water table and the associated
|
[
l
I
[
I
l
|
|
|
|
!
i
I
|
|
|
!
|
|
l
‘richest in species, and that of the organic bog is the poorest (Figure;
I
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|6 and 7). Graycalm is intermediate between the two, and the total
:flora increases as the depth to the water table decreases from the
well-drained Graycalm soil to the less well-drained Saugatuck soil
along the edge of the bog. This strongly suggests that the organic
bog is the most unfavorable habitat for the plants that occur in the
area, more so even than the well-drained sandy soil.
Both the lichen and moss covers decrease sharply from the
Graycalm site to the Croswell-Graycalm site, and then increase again
between the Croswell-Graycalm site and the Kinross soils. This is

explained by the fact that mosses are probably no so much restricted

by moisture conditions as they are by accumulation of deep leaf

is in the bog. This is due to the variation in the depths to the
water table along the gradient. Shrub cover increases steadily from
the well-drained Graycalm soil to the organic soil in the bog. The
high shrub cover on the organic soil in the bog 1s at least partially
a consequence of the low tree cover and partially as a result of the

pecvlair adaptation of Chamaedaphne. Herb cover decreases sharply

on Saugatuck and continues to decrease on the Kinross seil and the
organic solls. This {ndicates thet each layer of the vegetation
inhibits the one below it.

|
|
I
|
Iy
I
I
I
|
|
|
!
|
I
|
|
|
I
jlitter.
|
I
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
!
[
|
I
!

vertain plant specics have thedir maxinum cover on one of more
I

|
‘given soil .eries. Hownver, several apecies, such as, Pinun banksinnn
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Tree cover is much greater on the dry end of the gradient than 1t!
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‘three less well-drained soil series are Aquods.

|

I
!
!
I

—

‘ttvely high percent of carbon In those same sofls at the same level of

Ithe clansttication systen,

|
|
!
!
f
l

|
l
|
|
[
I
|
[
|
|
I
|
l
|
l
l
[
|
I
[
I
|
|
[
|
!
I
|
1
t
|
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The present criterfa (Soil Taxonomy, 1970) recognizes the high
water table fn the less well-drained s0ils at the suborder level,

while the criterta as retined by Lictzhke (1968) recopgnizes the rela-

In view of the above and other data collected in this study, the

following revisions are proposed:

.'o

I
l
|
|
I
l
I
!
I
|
|
!

i
|
|
Reduce criterion 34 (% [POLFa + Al/% clay) of Soil Taxonomy [
. . !

from = .19 to = ,06; and, reduce criterion Ib (2 pPOaFe + ;
I

AlX dith.-cit. Fe + A1) of Sotl Taxonomy from a 45 to |
» , |
* 30, Theee proposcd revisions of the current spodic I
horfeon criteria would fnclude In the range of the spodic :
horizons, thuse In the solla used in this study. The current{
I

eriteria under Jexcludes none of the most developed aub- |
|

horirons, ¢.it. B b horfzons of Kinross, and B,,h of |
R 22 |

Saugatuck, vhich meet one or both of the first 2 criteria of |
|

spodic borfrons; but require all these propertios of lean |
l

developed lhorfzona to exceed these proposed limita, {f they |
I

do not mect one of the firat ! crlterfa, even thoogh they !
I

excreed the accumulative tndes, W, thileh the above mont |
|

develaped horlzonn alues oxevadl !
!

A B preterable alternatboe Le o tanuen ty the varlfor f

spodic hortzon criterta an roflne by Liotzke, or revision of |
|

L"-!lnrum TRD FE gTYT me T memr S ¥Ry st rr o ame wr MW TR €W mra - -—-—-mr«vm.—rm—wmw——-l

~19

VA



"

1%

"

|1

"

r those criteria so that No. 1 (% Tot. C + % dith.-cit. -—}

: Fe + Al/7 clay) is raised from 2 12 to z .30, and No. 2 (X% l

} dith.-cit. ¥e + Al) #s reduced from 2.8 to=.7. :

| |

| |

| I

| |

| |

| |
!

: |

|

| |

| |

I |

| |

[ |

O {

l I

|

|

' |

' |

|

|

|

|

|

|

l

|

|

:

' |

|

| |

| |

| |

[ |

| !

| |

! I

| |
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TASLE 1 - DESCRIPTION OF SOILS

Depth Color
Horizon (cms) Main Mottles Structure Consigtence Boundary
KINROSS SAND (CRGANIC SURFACE) - NO, 1

o1 33-18 10YR 7/2 Mcderate coarse pl* Soft Abrupt smooth
021 18-8 5YR 3/2 Weak coarse pl, Soft AbTupt smooth
022 8-0 N 2/0 Weak fire sbkk* Friable Abrust smooth
Al 0-2.5 10YR 2/2 Sirgle grain Friable Clear smooth
A2 2.5-28 10YR 4/2 Weak fire gr + Looge Clear wavy
B21h 28-53 SYR 3/3 Weak oedium sbk Friable
B22hir 53-69 5YR 4/3 Moderate coarse sbk Firm
B23 69-94 7.5IR 4/3 Weak medium sbk Firm

.cl 94-127 10YR 4/3 Single grain Loose

KINROSS SAND (BETTER DRAINED) - NO, 2

T 021 5-38 10YR 2/2 Weak coarse sbk Friable AbTupz wavy
022 38-0 K 2/0 Moderate coarse pl. Friable Clear smooth
Al 0-3.8 N/O Weak fine gr -Friable Clear smooth
A2 3.8-38 . 10YR S/2 Single grain Loose Cieas smooth
B21lh 38-63 S5YR 2/2 Weak medium sbk Friable
B22hir 63-89 * SYR 3/2 Moderate coarse sbk Firm
B23 89-137 -~ 5YR 3/3 Weak medium sbk Firm —_—

SAUGATUCK SAND - NO, 3

.02 10~9 10YR 3/2 Weak medium sbk Friable Clear wavy
Al 0-2.5 . N 2/0 Weak medium sbk Friable " Acrurt sooeth
A2 2.5-28 10YR 6/3 Single grain Loose zruz i smooth
B2lhirm 28-43 5YR 2/2 Strong coarse sbk and abk Strongly cemented —_—
B22hirm 43-61 5YR 2/3 Strong medium sbk and abk Weakly cemented —_—
B23hir 61-84 5YR 3/3 Moderate medium sbk Firm e
cl 84-118 7.5YR 4/2 Single grain Loose

2 118-155 101R 4/3 Single grain Loose




" SAUGATUCK-AU GRES SAND - NO. 4§

o . ' 8.9-2.5 7.55R3/2 ' Weak coarse gr ° Friable Abrupt smooth
pzﬂff",f 2.5-0 ' 7.5YR 2/0 Weak fine gr Friable Abrupt smooth
‘- A.l « B 0-3.8 107R 2/1 Weak medium gr Friable Abrupt smooth
A2 ‘ 3.8-7.6 10YR 5/2 Weak fine gr Loose Abrupt smooth
BZlhir 7.6-18 5YR 3/3, 7.5YR 5/3 Weak fine sbk Firm Clear smooth
B22hir 1'8-28 5YR 3/3, 7.5YR 5/3 Weak fine sbk ¥irm Clear smooth
A2' 28-41 107R 5/3, 7.5YR 4/4 Weak medium sbk Friable ) Abrup:‘_wavy
IIB21hir’ 41-58 5YR 3/4, 7.5YR 4/4 Weak coarse sbk Firm Clear 'snoo:h
-IiBhir'm 58-84 5YR 3/2 Massive chunks Weakly cemented Clear smooth
IIB3* 84~-122 5YR 3/3 , Massive chunks Firm Clear smooth .

- 1IC1 122-147 7.5YR 4/3 Single grain Loose -

AU GRES~-CROSWELL SAND - NO. 5

02 2.5-0 10YR 3/2 B Weak medium sbk Friable y Abrupt smooth

Ai . 0-15 7.5YRN 2/0 i Weak fine gr Friable Clear wavy

AZ ;‘ - 15-25 10YR 6/1 Single grain Loose Gradual irregularv_r
{nglhix . 25-36 5TR 4/6, 10YR 6/6 Moderate fine sbk Friable Ciear wavy

fﬁzin;: ; 36-53 10YR 6/4, 7.51R 6/6 Weak fine sbk Friable Clear wavy

‘B2mn 53-71 10YR 5/4, 7.5%R 7/8 Weak fine gr Friable Clear wavy

B3l 71-99 10YR &/4, 7.5YR 7/8 Single grain Loose Clear wavy

B32 99-127 10YR 6/4, 7.51ﬁ 7/8 Single grain Loose Clear wavy

Ci | 137-153 10YR 6/1 Single grain Loose -




CAUDWELLTLUAALLALLYL daavl = W.e U

02 1.3-0 10YR 3/2 Weak medium sbk Friable Abrupt smooth
Al 0-2.5 10YR 2/1 Weak medium gr Friable Abrupt smooth
A2 2.5-7.6 10YR 6/2 Weak mediun gr Loose Abrupt wavy
B21hir 7.6-18 5YR 3/3 Weak fine sbk Firm Abrupt wavy
B22hir 18-46 7.5YR 4/4 Weak fine sbk Friable Clear smooth
B3 46-58 7.5YR 5/4 Weak fine sbk Friable Clear smooth
A2° 58-71 10YR 6/3 Weak fine pl Slightly brittle Abrupt wavy
A2' & B2¢', 1 71-99 10YR 6/3 (A2), 7.5YR (5/8) & 7.5YR 5/4 Single grain (A2) & Loose (A2) & Slightly Clear wavy
(B2t), 5YR (5/8) Massive (B2t) plastic (B2t)
A2' & B2t', 2 99—125 10YR 7/3 & 10YR 6/4 Single grain (A2) & Loose (A2) & Slightly. Clear wavy
Massive (B2t) plastic (B2t)
Cl 125-153 10YR 7/3 Single grain Loose -—
GRAYCALM SAND - NO. 7
Al 0-2.5 10YR 2/1 Weak medium gr Friable ’Abrup: wavy
A2 2.5-7.6 10YR 6/2 Single grain Loose Adrupt wavy
B21lhir 7.6-28 7.5YR 5/6 Weak fine sbk Firm Clear wavy
B22hir -~ 28-58 10YR 6/6 Weak fine sbk Firm Clear wavy
A2’ -, 58-76 10YR 7/4 Weak medium gr Soft Clear wavy
a2' § B2¢', 1 76-140 10YR 7/4 (A2), %.SYR.SIG (B2t) Weak fine gr (A2) & Soft (A2) & Slightly Clear wavy
L Weak fine sbk (B2t) hard (B2t)
A2" & B2t', 2 140-153 Weak fine gr (A2) & Soft (A2) & Slightly -

10YR 7/3 (A2, 7.5YR 5/6 (B2t)

Weak fine sbk (B2t)

hard (B2t)

* Pl-platy; ** sbk-subangular blocky; +—granular

NOTE: Soil texture and soil reaction appear in other sectiohi}



TABLE 2 --Depths (cms) of water table and plant roots in each of the seven pedons.

o Average Maximum Var- Depths Lo VT
Site No., Depths to Range in iations in Horizons Subjected to Which . Horizons in Which
Pedon Water Depths to Depths to to Water Table " Roots Roots Occur . -:
Identity : Table Water Table Water Table Fluctuations Occur Co

1965 1970 1969 1970

1, Kinross _ - : ' B R P L PO R
- (organic .15, - 0-47 0-28 - 47, 28, = 01,021,022,A1 - - .. 63. - 01,021,022,A1,A2;
surface) SRR S _ - : . upper A2 L 5;_}m'T¥}_"gpper B21h !

2, Kinroés ST L i e e . - Do e ' S
(better 28, .. - 5-60.°12-46  T55.°  34. Al,A2, lower B2lh . - 69.  021,022,A1,A2,B2lh ¢}

- drained)

3, Sauga- 48, " 1576 38-56_ - 63.  18. TLower A2 37, 02,A1,A2 (not observed:
. tuck . G e e T B2lhirm, B22hirp, - . in 822zir; or below)
o upper B23hir :

&, Sauga- oo toooo 0 e :
. tuck-AuGres . ' 68. 28-99 51-89 ‘- 71, - 38, A2', IIB2lhir! 66+ 021,022,A1,A2 B2lhir,
AR i IR . : IIBhir], IIB3' B22hir, A2} IIB21lhir/
‘ 1IBhir,' (end in this
horizon) '

5, AuGres- .- 89,7 - 58-126 74-99 =  65. . 22, B23h, B31,B32 76.  02,A1,42,321lhir, ;-
.Croswell Tt R ER LI R , : B22hir, R23 ‘

6, Croswell-  '147... ' 1465165 1355165 ~44.°°° 30, 2 . 140. = All ewcest €2 .
Graycalm Lo e T e T e e T O TR PR . oA

SRl

7, Graycalm )165¢{i1{f$1§§}';>165;f3 SiSS;éMF)LGS;é11NoneLfi?fF ;’i;ii:' {:165f>':STh:ough5§£:tﬁé'pfékiiﬁl




TABLE 3. --Application of g I
in chis study.

Site L
Number, .33
Pedon Horizons % pPOA'Fe+A1 '*
Identity : 7 % clay

3b..

9 pPOj FetAl

1

S . 3d
(CEC(pH 8.2)-
1/2% Clay) X

- Dith.-cit. FetAlL Thickness in

B S L T R cm) > 65.

sy g

" 1. Kinross : i B

- (organic -,
©:+ surface). -

A 7. Total
RIS i

"2, Kinros$ .
7 (better 00C
" ‘drained) - .

;fSaugatﬁdkfjﬁ»?BZihiLﬁxn
AR A»:@ :B22hinfﬂ

oB23Y - Total

‘Saugatuck- - B21kirY
;Aﬁsfés-i;ﬂf”"B22hif’<;/'

ot 11B21hirY -
IIBhirg v

R '15Tota1
. B2lhir ¥
C ¢ B22hir Y

.. Total

. I< g<: B

]
|
2]

VRCEVRVES

m o o
m

oW

L0

-l yes
~umo.

o mo ..
. yes
" no

@
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g

“TCONTINGED © -0



| TABLE 3, --Continued_

Horizons - % pPO; FetAl % PpPO; FetAl 1/27% Clay) X - — -
R R % Clay 7 Dith.-cit, FetAI  Thickness in - - Current  Revised
2 .15 ' W45 cm) * 65. S 3a & 3b

i site -
" Number, .

Pedon
Identity ..

‘Spodic Horizon

6. Croswell~ uppe‘,_.'.ff:: En

Graycalm B2lhir - -
lower - @
B2lhir ,
BZZhir'/j B

B3

6.0 ~ mo . yes _
32.5 n’ol;.r:' yes .
45.5 = yes T yes -

16.3 - mo - - yes:
100.3 : P ‘

upper . .
B2lhir ¥
lower  , %
B21lhir ‘/ e

Bz2hir =

‘Graycalm 26.4 yes - _yes

26.5 = yes - - yes

_50.0 - no S - Yes

- m--Continuously cemented horizon » 2.5 cm thick.
-+ ==sand grains covered with cracked coatings. R e
yes--meet criteria 1 or 2 or 3a + 3b + 3d; totals = basedgn.3a[,é17'nd,3b>.as ‘revised



.TABLE 4. --Application of spodic horizon criteria as refined by Lietzke (1968)

—— — = —
Site Tot. C % + Spodic Horizon
Number, Horizons Tot. % C + Dith.-cit. Fe+Al Dith.-~cit,
Pedon % Clay Fe+Al Lietzke Revised
Identity 2 .12 20.8
1, Kinross B2lh «55 1,15 yes yes
(organic B22hir 42 .75 no yes
surface) B23 .43 .51 nc yves
2. Kinrbss B2lh .52 1.30 yes ves
(better B22hir «55 1.22 yves ves
drained) B23 1.01 .91 yes T es
3. Sauga- B2lhirp 53 1.27 ves -
tuck B22hirp «36 1.21 yes nrs
B23 74 2,52 yves ~eg
4, Sauga- B2lhir <45 3.92 yes Tes
tuck-Au B22hir «25 1.69 yes no
Gres IIB21lhir’ .77 2.39 yes res
IIBhirpy' 1.12 1.23 yes ves
5. AuGres- B2lhir .30 1.29 yes ves
Croswell B2Zhir .32 1.46 yes yas
B23h .61 1.64 yes Yes
6. Croswell- Upper
Graycalm _B2lhir .35 1.76 yes yes
Lower
B2lhir 41 1.47 yes ves
B22hir «36 1.03 yes ves
: B3 .28 .71 no no
7. Graycalm Upper
‘ B2lhir .46 1.61 yes Jes
Lower
B2lhir 44 1.92 yes ves
B22hir <35 1.28 yes ves






