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MICROMORPHOLOGICAL STUDIES OF SOIL TONGUING PHENOMENA
IN THE BURFORD LOAM, SOUTHERN ONTARIO, CANADA

Abstract

A

Pedological and lithostratigraphical studies of some soil tongue features developed in a geomorphological profile
of superposed silt loams on calcareous gravelly loams, in southern Ontario, supplemented by micromorphological exa~
mination of the soil materials, permit a reconstruction of the sequence of development of such soil tongues.

The uppermost soil horizons are formed in a presumed niveoalluvial or loessic material deposited on the surface
of a compacted gravelly loam material derived from an active layer. This material showed surface irregularities formed
by shallow linear channels or round hollows. Later concentration of soil processes in these areas led to the deep tongue
or channel phenomena through carbonate solution and emphasized by clay illuviation and by disruption of the linearity
of the gravel bands at the junction of the deepended areas and the stable material to the sides. Marker bands of gravel
ayers can be traced within the soil tongues, sagging more deeply in the upper parts, less deeply in their lower parts. This
1lustrates the continuity of development of these tongues throughout post-glacial time and refutes the origin of these
eatures as fossil forms related to the former existence of ice wedges.

INTRODUCTION

The Burford loam is an Orthic Grey-brown Luvisol (Glosstc Hapludalf), wides-
pread in the Hamilton area of Ontario, that consists of an irregular loamy A hori-
zon overlying a well-defined, thick, B horizon that tongues wedge-like into the
underlying calcareous gravels of the C horizon (pl. 1). Similar features have been
referred to as soil tongues by YEHLE (1954) who regarded them as solution forms.
However, other hypotheses advanced to explain similar features include differen-
tial weathering under periglacial conditions (MARUSZCZAK, 1960; KELLAWAY, HOR-
TON and PoOLE, 1971) and the infilling of fluvial channels (PRESANT and PROTZ,
1967). However, as will be shown, the stratigraphy of these features is complicated
and some of the features have had a complex development, not attributable to
any single cause, but to a sequence of events in early post-glacial times. That sout-
hern Ontario did experience a fairly severe periglacial climate and that soil surface
patterns relatable to such an influence exist, has been-demonstrated by MORGAN
(1972) in the nearby Waterloo area. Therefore, the possibility exists that the soil
tongues of the Burford loam may have originated as a result of some form or se-
quence of forms of periglacial influence rather than being simple solution forms,
or else a combination of the two effects.

* Pedology Laboratory, McMaster University, Hamilton, Ontario, Canada.
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METHODS OF STUDY

The sites studied are indicated in Figure 1. At each site, study of the soil ton-
gues included precise measurement of their vertical section and analyses of the
soil using standard techniques. At three sites the lateral variation of the surface
morphology of the upper B horizon, underlying the surficial materials, was deter-
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Fig. 1. Location of the studied soil tongue features; Bridgeport, Freelton, Strabane
and Brantford. Map width is 60 km.

mined by augering on a grid pattern, or by excavation, to determine the form of
the interface of the two materials.

At the Freelton site undisturbed samples were taken so that large (10 X5 cms)
thin sections of the soil material could be prepared. These thin sections were used
to make a detailed study of the microstructure of the horizons and deposits in one
of these soil tongues. The methods used in the preparation of these thin sections,
and the terminology used in their description, are those of FrrzPaTtrick (1970,
1971).
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GEOMORPHOLOGICAL OBSERVATIONS

VERTICAL PROFILES

At the Bridgeport, Freelton and Strabane sites soil tongues were commonly-
-encountered in sections in gravel pits, while at Brantford only two distinct featu-
res were found. Measurements at the first three sites indicate that there is consi-
derable variation in the degree of development of soil tongues. At Freelton (pl. 1)
the soil tongues were deeper and wider than at the other two sites, having maxi-
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Fig. 2. Diagram of the soil tongues and horizontation with sagging marker
bands

Particle size distribution:shown to the left. Note that the C horizon sample is offset to the side
of the feature. The original lithologic discontinuity would have been at 23 cm depth
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mum depths of about 2 m and being on average 1 m apart. At Strabane the deepest
soil tongues were only about 1 m deep, their lateral spacing was approximately
50 cms apart.

The soil tongues at all four sites exhibit a downward-tapering wedge shape toge-
ther with overlying pocket-like masses of loamy A2 horizon material as a component
of the upper wedge infilling. The strata adjacent to the soil tongues were disturbed
within 1 m of the surface, but were distincly and evenly-bedded below 1 m depth.
In a number of cases bands of gravel were found to cross the soil tongues with
no apparent break in continuity, although tending to “sag” within the soil tongue
(see Fig. 2). Such continuous bands may be termed marker bands, and are found
crossing the very lowest portions of the soil tongues with little or no “sagging”,
whilst higher up such marker bands exhibit sag to a marked degree. However, these
bands do not cross the included pockets of loamy A2 horizon material, although
bedded gravels frequently occurred to either side of these features. In most cases
the bedding of the gravel is disrupted where it approaches the upper portion of
the soil tongues, having a collapsed appearance.

Although the upper gravels at each site show frost disturbance there is little
evidence of frost sorting, since only a small proportion of the pebbles are verti-
cally-oriented. The disturbed gravels are best seen at Bridgeport (Pl. 2) where they
are compacted and many pebbles have silt coatings (Pls. 6, 7), which may indicate
freeze—thaw activity (FITZPATRICK, -1956). The best development of this disturbed

horizon which, it is suggested, represents a former active layer, is found west of

the Galt moraine in the same area that MORGAN (1972) has described polygonal
ground forms, while to the east and south of the Galt moraine the disturbed layer
is less well-developed or absent.

Very little evidence of the former existence of ice wedges was found. Only at

the Freelton site two minor frost cracks were found, the larger was traceable to
a depth of 2 m being only 2 cms wide and rather sinuous in form. Being narrow
there was only a small amount of fine pebbles infill, which was similar to the ma-
trix, and difficult to trace. The gravel beds were turned down slightly as they approa-
ched the frost crack (Pl. 3).

HORIZONTAL SECTIONS

The soil tongues of the Burford Loam in Southwest Ontario apparently are
of two types, one being roughly circular and the other linear in form.

Circular forms

Augering on a grid pattern at Bridgeport and Freelton to determine the cha-
racteristics of the B horizon surface produced rather complex patterns (Fig. 3,
Freelton). The surface of the B horizon would in each case seem to be arranged
in a series of enclosed depressions, up to 120 cms in depth. As only the upper surfa-
ce of the B horizon was recorded by this method, it is not absolutely certain that
all the depressions in it were underlain by soil tongues. In some areas the surface
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Fig. 3. Subsurface isopachs of the upper B horizon showing
system of enclosed depiessions at Freelton, containing silt
loam material

soil had been removed and it was possible to see the circular form of the soil tongue
exposed in horizontal cross section. The soil tongue exposed at Freelton is oval,
2 by 1.3 m, and contains a pocket of loamy material of the A2 horizon that is 60 cms
deep. The lateral removal of vertical slices from the soil tongue sections also indi-
cated that the dominant soil tongue form at Bridgeport, Freelton and Strabane,
was roughly circular. Thus the soil tongues at these three sites have the form of
inverted cones.

Linear forms

At Brantford, auguring revealed a simple linear pattern branching and exten-
ding for at least 7 m behind the soil tongues exposed in the face of the gravel pit
(Fig. 4). These channel forms are much larger than those described by YEHLE (1954)
and resemble those described by PRESANT and PROTZ (1967). The depth of each
channel varies, but is on average 75 cms, increasing to 90 cms in places. The chan-
nels appear to be leading towarding the nearby Grand River valley. Such subsur-
face channel features are not revealed on aerial photographs.

PEDOLOGICAL CHARACTERISTICS

SOIL MACROMORPHOLOGY

The most characteristic feature of the Burford loam is the existence of large
tongues of the B horizon extending down into the C horizon. Within the soil ton-
gues the B horizon is often 1 m thick, whilst between the tongues it may only be

Biuletyn Peryglacjalny, 26 16
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Fig. 4. Subsurface isopachs of the upper B horizon at Brantford, showing
linear depression pattern of the silt loam infilling

10 cms in thickness. Consequently the subdivisions of the B horizon tend to be
discontinuous. Where the B horizon is fairly thick it has at least three sub-divisions:
(1) a central horizon of maximum clay accumulation, the B2t horizon (Tab. I,
col. 7), (2) underlying this is a transitional B3 horizon and (3) an overlying AB
horizon consisting of structural units resembling those of the underlying B2t hori-
zon, but with coatings of bleached grains similar to the material found in the A22
horizon. The AB horizon is best developed at the Bridgeport site.

Profile Description of the Burford loam in a soil tongue (pl. 1) Location Freelton,
Grid. Ref. 40 P/8 East Half 786047; 43°20°'N, 80°10'W.

Parent material Calcareous kame-gravel, Height 270 metres

Classification Orthic Grey-Brown Luvisol.

Horizon:

Ap O to 20 cms, very dark greyish brown (10YR3/2 moist) loam, medium
granular or platy; friable; common very fine to fine roots; infrequent
pebbles; sharp even boundary; no HCI reaction.

A2l 20 to 60 cms, dark yellowish brown (10YR3/4 m) loamy fine sand; weak,
fine to medium platy; very friable; common very fine and fine roots;
few pebbles; clear, slightly wavy, discontinuous lower boundary; no
HCI reaction. '

A22 60 to 75 cms, brown (10YRS5/3 m) fine sandy loam; weak, fine to medium
platy or granular; friable; common very fine roots; clear, wavy, discon-
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tinuous lower boundary with some shallow tongues into the underlying
horizon; no HCI reaction.

AB 75 to 80 cms, brown to dark brown (7.5YR4/2m) loam, with streaks
of bleached (10YR7/1m) quartz grains along the surfaces of structural
units; fine to medium platy; firm; few, very fine roots; clear, slightly
wavy lower boundary; no HCI reaction.

B2t 80 to 95 cms, dark reddish brown (5YR3/3m) gravelly, coarse sandy
loam; fine sub-angular blocky; friable; few, very fine roots; lower boun-
dary clear to diffuse and very irregular with shallow to deep tongues
extending into the underlying horizon; numerous pebbles, mainly weathe-
red and very friable; weak HCI reaction.

B3 95 to 150 cms, reddish brown (5YR4/3m) gravelly, loamy coarse sand;
granular: very friable; very few, very fine roots; lower boundary clear
to diffuse and very irregular, with shallow to fairly deep tongues pene-
trating into the underlying C horizon; abundant pebbles, occasionally-
-weathered; moderate HCI reaction.

C 150+cms, brown to dark brown (10YR4/3m) gravelly, loamy coarse
sand; single grain; loose, no roots; abundant pebbles and a few cobbles;
strong HCI reaction.

The soil profile away from such tongues is shallower, the B2t horizon occurring
between 26 to 30 cm depth, the C horizon at 35 cm depth. It will be noted that
the A2 horizons are platy-structured, the B2t markedly gravelly and friable, the
structural units stabilized by clay coatings. The depth of root penetration is gene-
rally to 75 cm depth.

SOIL MICROMORPHOLOGY

Micromorphological studies of soils using thin sections, pioneered by KUBIE-
NA (1938), have now become a major part of all pedological investigations. The
need for large thin sections in studying the genesis of soils of complex morphology
has been demonstrated by JONGERIUS and HEINTZBERGER (1964). Consequently,
five large thin sections were prepared from one of the soil tongues at Freelton with
the aim of discovering differences in micro-structure diagnostic of the major pro-
cesses responsible for the genesis and development of each layer in the profile.

STRUCTURE

Contact prints made from these thin sections are illustrated in PlL. 4 and show
very clearly the variations in microstructure that occur within the profile. The Ap
" horizon has a predominantly granular structure and is underlain by an A2 hori-
zon having an alveolar structure (Pl. 4: a), but accompanied in the lower A22 ho-
rizon by weakly-developed, angular blocky structure (Pl. 4: b). A marked change
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of structure is contained in the AB horizon, where there is a banded structure indi-
cating grain size separation and preferred orientation of grains (Pl 4: ¢). The occur-
rence of such a banded structure is typical of the AB horizons of many Grey Brown
Podzolics (Udalfs) as noted by SToBBE (1952) and also of Boralfs (MCKEAGUE and
ST. ARNAUD, 1969). The latter authors have recorded concentrations of soil matrix
material at the top of lenticular platy structures and of coarser grains near the
base, and regard them as typical of strongly-leached Boralfs. Similar size sepa-
rations are found within the AB horizon of the Burford loam (Pl. 5) and a high
degree of parallel orientation of sand grains is also evident (Pl. 4: d) but has little
indication of a platy or banded structure.

Pore space varies from poorly-developed continuous pores in the Ap horizon,
to mainly small, irregular, oval or short, branching pores in the A2 horizon. How-
ever, the AB horizon is characterized by an increase in packing voids due to the
fine single grain structure (Pl. 6) and the B2t horizon shows the greatest develop-
ment of continuous pore space (Pl. 4: d).

THE CHARACTER AND COMPONENTS OF THE MATRIX

The colour of the matrix varies from dark brown in the Ap horizon to light
olive-brown in the lower A2 horizon and to yellowish-red in the B2t horizon. Such
a colour contrast is a reflection of the process of eluviation and illuviation, both
of iron and of clay and silt particles. Silt is the dominant matrix material in the
A horizons. In the Ap horizon it occurs as a continuous soil phase enclosing mine-
ral grains (Pl. 7) whilst in the A2 horizon it varies from a continuous phase in the
A21 horizon to a less than continuous phase in the A22 horizon, where it mainly
occurs as silt coatings around the larger mineral grains. Within the AB horizon
size separation means that layers consisting mainly of sand grains possess only
very discontinuous silt coatings (Pl. 4: c), whilst thosé containing much finer sand
material show a concentration of matrix enclosing the grains, the whole exhibi-
ting a complex flow pattern (Pl. 5).

The matrix of the B2t horizon is mainly clay-sized material, which has a very
uneven distribution, in some places enclosing grains, and in others forming coa-
tings or acting as bridges between grains (Pl. 8).

STONES

An advantage of large thin sections is the ease of study of the distribution of
the coarser fragments. Stones are present in all the horizons and an analysis of
their number and lithology in each thin section indicates a reduction in the frequen-
cy of stones in the upper horizons. Many of the stones present in the B3 show evi-
dence of severe weathering and in the B2t horizon there are almost completely-
-weathered pebbles of limestone or dolomite still in place (Pls. 2 and 4 d).
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SAND FRACTION

Within the Ap, A21 and A22 horizons the sand grains appear to be randomly-
-oriented, unlike these in the AB horizon which are most often aligned cbliquely
towards the centre and base of the soil tongues (Pl. 6). The sand fraction of the
B2t horizon shows no such preferred orientation, although there are clusters of
similarly-sized grains, which may represent lithomorphs from weathered pebbles.

SILT FRACTION ,

The most striking thing about the silt fraction is the concentration into bands

in the AB horizon. The upper part of the thin section of this horizon indicates that
silt has been leached out and this, together with the flow patterns in the lower part
of the thin section (PL. 5), would seem to indicate that silt is being moved down
the profile. Several authors (e.g. THORP, CADY and GAMBLE, 1959) have described
silt coatings on ped faces and in pores of the AB and upper B horizons and regard
them as indications of the translocation of silt down the profile. Such would be
brought about by solution of carbonate pebbles causing a volume reduction in
the soil tongue and consequently collapse of overlying material. Such a collapse
of material into the soil tongue would also explain the orientation of the sand grains.

CONCRETIONS

The presence of diffuse iron concretions, especially within the AB and B2t ho-
rizons, would seem to indicate that these horizons hold water longer than the over-
lying horizons and thus led to some deposition as nodules under oxidative con-
ditions.

PAPULES

These features are common in the Ap horizon due to the incorporation of ma-
terial by ploughing and in the AB horizon where they indicate the extension of
the lower A2 horizon into the B horizon.

CUTANS

Clay cutans or coatings occuring in the B2t horizon are often taken to be an
indication of translocation from a higher horizon. However, as BREWER (1956)
has pointed out, the importance of clay illuviation in forming a textural B horizon
has at times been overestimated with insufficient consideration being given to diffe-
rential in situ weathering of the A and B horizons, or to inherited sedimentary
characteristics. The only clay cutans to occur in the thin sections of the A hori-
zon are those found within weathering stones. The existence of such cutans indi-
cates that clay minerals do not have to be transported very far before they become
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optically-oriented and exhibit all the characteristic of depositional cutans. Such
a finding must bring into question the use of the ratio of oriented to non-oriented
clay in determining the relative importance of clay illuviation and in situ weathe-
ring in any horizon.

Clay cutans are best developed in the B2t horizon where they are fairly con-
tinuous (Pl. 8). However, the upper part of the section shows some evidence of
progressive degradation of the cutans (PL 9). A similar, although more pronounced,
process of clay cutan degradation is apparent in the AB horizon, where cutans
in the lower part of the section are discontinuous with fractured surfaces. The upper
part of the AB section contains fewer cutans, but has many papules and shows
a greater degree of bleaching.

The evidence suggests that the B2t horizon in the soil tongue is an unstable
one, which is undergoing continual change, with the B2t horizon being replaced
by the AB horizon and the AB horizon being gradually replaced by the A22 horizon
by progressive alteration of the clay coating. LEBEDEVA (1969) in a study of a Grey
Brown Podzolic soil in Soviet Union suggests that the study of the B horizons of such
soils, on the basis of average samples, has often led mistakenly to the conclusion
that the process of illuviation is the only process acting there, and proposes that
the clay is moved to depth in various stages. This is supported by the present study,
indicating that there are two processes operating simultaneously, with the lower
Bt horizon experiencing illuviation whilst the upper part of the Bt horizon is under-
going progressive clay degradation.

Thus the thin sections indicate that the A horizon of the Burford loam is cha-
racterized by a process of eluviation, gradually producing a quartz-rich horizon,
whilst the B2t horizon is characterized by the illuviation of clay from the overlying
horizons and also by the in situ production of clay. The soil tongues of the Burford
loam are, therefore, zones in which there is solution of the calcareous gravels crea-
ting a volume reduction and leading to the collapse of overlying material and the
continuing extension of the soil tongues, and intoc which the clay is being illuvia-
ted much more strongly than in the soils to the side.

PARTICLE SIZE ANALYSES

The micromorphological study has shown that the AB horizon and probably
most of the A22 horizon have formed as a result of the gradual replacement of
the underlying horizon. However, it is less certain that the A21 horizon has ori-
ginated in the same way. Therefore, it is essential to determine the degree of simi-
larity between the particle size distribution curves for the upper A21 horizon and
the lower A and upper B horizons (Tab. I, cols. 9—12). If all of the A horizon ma-
terial has developed in situ then relatively parallel distribution curves will be expec-
ted. However, if the upper and lower A horizons have developed in materials which
mutually differ as well as being different from that composing the C horizon, then
the textural curves, and their dependent properties, would be different (Fig. 5.).




1. Brantford.

Table I

Mechanical and chemical properties of the major profiles

The linear depression forms

11 12 13 14 15 16 17 18 19

1 2 3 4 5 6 7 8 } 9 10
Ap 10 88 156 614 45 9.8 174 (2640 0.00
A21 25 23 71 761 43 106 18.0 |1.93¢ --0.76
A22 54 1.4 127 657 7.1 131 19.7 |2.27¢ +0.58
B21t 62 30.1 197 19.0 41 271 20.5 |4.63¢ +0.23
B22t 120 27.2 272 201 9.1 160 22.0 |4.57¢ +0.31
B3 130 417 201 269 58 55 179 |2.126 +0.50
Cc* 105 58.0 365 4.0 1.1 224 148 |1.37 +0.36

2. Freelton. The inverted-cone or “tongue” depression forms

Ap 10 3.7 453 385 4.7 7.8 18.1 |2.57 0.18
A21 23 22 51.0 289 2.2 5.7 15.5 |2.04 0.29
A21 45 1.9 665 247 2.0 29 145 [ 1.03 0.40
A22 90 2.8 751 2106 1.9 4.6 16.7 {1.82 0.38
A22 105 55 639 241 34 31 125 | nd. n.d.
AB 120 13.1 31.1 407 7.5 7.6 19.0 |{1.02 0.30
B2t 130 33.9 289 196 42 134 229 |3.54 0.01
B3 150 357 343 233 1.3 108 18.2 |4.23 0.48
Cc* 150 552 264 179 1.5 52 182 |3.23 0.68

1 Horizon 5 Silt, 50—5 p

2 Sample depth, cm 6 Fine silt, 5—2p

3 Coarse sand, 2—0.5 mm 7 Clay, <2 u

4 Sand, 500—50 p 8 Liquid limit, Pct. H,O
13 Organic matter, pct.
14 Loss on ignition, 850°C

15 pH, 5:1 H,O

% The sample points are marked in Fig. 2. Note that the C horizon sample is taken

073 501 } 1.2 24 6.2 73 1.0 1.8 0.21
0.64 586 | 0.9 22 58 54 07 23 024
0.66 6.03 | 0.5 24 57 62 1.0 nd 030
038 516 | 14 3.6 5.9 9.8 22 65 041
042 35.01 1.0 122 173 7.5 32 38 0.16
045 278 | 0.3 180 75 100 14 22 0.13
070 09 | 02 256 79 117 05 14 0.10

0.51 446 | 3.1 36 61 144 16 1.1 023
0.58 372} 0.9 1.4 65 66 05 08 0.15
0.57 3.76 | 0.6 1.8 6.5 5403 07 021
0.62 3.30 | 0.5 14 6.7 37 02 08 0.19
- - 0.6 1.6 67 43 02 1.0 019
0.57 3.46 | 1.0 24 6.5 66 02 1.0 0.26
049 416 | 1.0 38 71 142 13 14 032
050 352 | 06 11.9 79 140 nd. =nd. n.d
050 233 | 0.6 138 82 1161 05 1.8 0.21

9 Inclusive graphic standard deviation, 8;
10 Incl. graphic skewness, SKy
11 Kurtosis, Kg’
12 Graphic mean ¢, Mz
16 Exchangeable bases
17 meq/100 gm
18 Ca Mg Na
19 Fezoa, Pct. -

to the side of the tongue.
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CLAY FRACTION

The clay content of the B2t horizon varies from site to site being greatest at
Brantford and least at Freelton (Tab. I). Because the C horizon material is in every
case outwash gravel such variation between the four sites can be attributed to the
inhomogeneity of the underlying materials, or to variations in degree of leaching.
However, the two profiles examined at Brantford show significant differences,
although only 10 m apart. The most striking difference is that one of the soil ton-
gues at Brantford exhibits a bisequal profile, having two clay maxima, whilst the
other has a normal profile. The highest of the two clay horizons contains 10.8%,
clay and the lower 36.89%, clay, whereas the intervening horizon contains only 5.5%,
clay. The development of this bisequal profile would seem to be due to the pre-
sence of a thin band of carbonate pebbles, which are weathering and causing clay
accumulation.

SAND AND SILT FRACTIONS

Because the two profiles at Brantford are developed over similar materials and
are so close together, identical profiles would be expected, if they have been formed
solely through the weathering and solution of the underlying gravels. However,
the particle size distributions curves (Fig. 5) indicate significant differences, with one
profile having an A horizon dominated by silt, 72.8%, in the A22 horizon (illustra-
ted), and the other an A horizon dominated by fine to medium sand. Such a con-

100 .
KA AL IS T
054 o Ap '.,..M...Z"‘-/// / o
. ,/
cevsncnceane A2 Y e ]/ ;
yrrxxgxxxx A22 S f_ _ T /i
—— 4 ~——a B2l :f I P
-0 way e w 822 :+ ,,’
787 e B23 ‘.f/ A
C oy
50
= b
25 a—
-
T
5- -+
—
T T

T =T L [}
MICRONS 2 5 20 50 100 250 500 1000 2000

Fig. 5. Particle-size accumulation curves of the finer-textured Brantford
profile
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PL 1. Soil tongues in the Burford loam, Freelton, Ontario, showing the soil profile
horizontation
Width of picture equal to 10.5 metres

Pl. 2. Compacted gravels in the inter-tongue pedon, Bridgepor t
Lateral width is 75 cm



Pl. 3. Minor frost crack feature at Freelton showing surface silt
loam over bedded gravels

Pl. 4. Microstructure of the solum at Freelton

Alveolar structure of the Ap horizon; upper left (a). Weak angular blocky struc-
ture of the fine loam A22 material (upper right, (b). Lower left (¢) — banded and
oriented slumped material of the AB horizon (see sample site Fig. 2). Lower right
(d) — oriented sand grains in the coarser material of the B2t horizon
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Pl. 5. Concentration of fine material
within the compact matrix of the AB
horizon

Pl. 6. Single-grain structure of the

compact AB horizon with oblique

alignment of grains and disconti-
nuous dark matrix
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Pl. 7. Continuous silt phase enclosing
mineral grains in the upper A horizon,
interrupted by vertical biogenic tubule

Pl. 8. Coarse grains enclosed by clay
cutans, B2t horizon.

Pl. 9. Partial degradation of clay cutans
in voids in the uppermost B2t horizon
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trast between two profiles only 10 m apart can only be due to the A horizon material
being of largely non-pedogenic origin, and one or the other material being derived
from different sources, or from very different sedimentological environments.

The sand and silt contents of the profiles at Bridgeport, Freelton and Strabane
are all broadly similar and contrast with the much better-sorted A horizons at
Brantford (Tab. I, cols. 9—12). However, the grain size distribution curves for
the A, B and C horizons at Freelton, Bridgeport and Strabane are not sufficiently
parallel to provide conclusive evidence for the derivation of the A horizon material
from the underlying gravels.

CHEMICAL ANALYSES

Some analyses were made to determine the degree of carbonate leaching in
the Brantford, Bridgeport and Freelton profiles, but, as the results (Tab. I, col. 13)
indicate, there is very little difference to be noted. At all the sites the pH values
(col. 15) are fairly high, indicating that acidification has not progressed very deeply
in the Burford loam. This finding is supported by the rather high content of exchan-
‘geable cations including sodium (col. 18), even in the eluvial horizons.

DISCUSSION OF RESULTS

The theories advanced to explain soil tongues all seem to regard the extension
of .the lower B horizon as a result of soil-forming processes (YEHLE, 1954; DENNY,
LyrorDp and GOODLETT, 1963; PRESANT and Protz, 1967). However, there is less
agreement as to the mechanism whereby such localization occurs and also as to
the origin of the pocket-like masses of loamy A2 horizon material in the upper
horizons of such features.

Several alternate hypotheses have been suggested for the formation of soil ton-
gues. These include: ' ‘

(1) Development under a “spotted” tundra as described by MARUSZCZAK (1960).

(2) Deposition of material in oriented fluvial channels, as suggested by PRE-
SANT and Prorz (1967).

(3) Differential soil formation due to concentration of soil water, as described
by BRADE-BIRKS and FURNEAUX (1928), YEHLE (1954), JounssoN (1959) and BAR-
TELLI and ODELL (1960). '

(4) The growth and decay of tree roots, as described by LYELL (1866), SHALER
(1891) and DENNY et al. (1963).

(5) Windthrow of trees.

(6) The view that soil tongues may be fossil ice wedges.

One difficulty in determining the origin of the soil tongues is that they consist
of at least two elements, the pockets of A2 horizon material and the tongues of
the B horizon, which may not have originated in the same way. That the tongues
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of the B horizon have formed in situ and are of pedogenic origin is indicated by
the active weathering of carbonate pebbles and the deposition of clay. Together
with the evidence of marker bands these features support the hypotheses put for-
ward by YEHLE (1954) that tonguing B horizons result from the localization of
soil forming processes. Alternative hypotheses, such as, tree root growth and decay,
or tree throw may be discounted in this case. The presence of the continuous marker
bands and the rarity of ice wedges or micro slip planes indicate that physical dis-
ruption cannot be the cause of the tonguing B horizons.

However, this still leaves the problem of the origin of the pockets of A2 hori-
zon material, and the reasons for the concentration of soil-forming processes to
produce a tonguing B horizon. The pockets of A2 horizon material would seem
to have three possible modes of origin: (1) they are due to the deposition of a loess
or fluvial silt over an irregular surface, views implicit in statements by YEHLE (1954).
Also CHAPMAN and PutMaN (1966) suggest that they result from a blanket of fine
material deposited over outwash gravels since “...the variable depth of the silt
" can hardly be attributed to weathering”; (2) they result from mechanical weathe-
ring under freeze—thaw conditions as suggested by MARUSZCZAK (1960), who descri-
bed features very similar to the soil tongues of South-west Ontario from the Szeskie
Hills of Poland. The irregular nests of fine, sandy material are surrounded by a more
compact iron-stained horizon that penetrates the underlying gravels. Such fea-
tures are regarded by MARUSzczaK (1960) as having originated by freeze—thaw
activity under unvegetated patches in the tundra, whilst the iron-stained horizons
mark the top of a former irregular permafrost horizon; irregular because of the
greater depth of summer-thawing under the unvegetated patches; (3) the pockets
of loamy material are the product of chemical weathering, which has led to a con-
tinual extension of the A2 horizon material as the tongues of the B horizon are
extended.

The A21 horizon material at all four sites is poorly-sorted and is not typical
of established loessic deposits. However, the A21 horizon of one of the Brantford
profiles has such a high silt content that it could be a loess deposit. The absence
of such a high silt content from the other, nearby, profile indicates a fluvial rather
than a loessic origin. Such a finding is in accordance with the channel-like form
of the Brantford soil tongues in horizontal section and it is evident that these fea-
tures are identical to those described by PRESANT and Pro1Z (1967), having origi-
nated as infilled fluvial channels. The existence of an infill of fine material over-
lying a coarse gravel deposit would inevitably lead to a concentration of the soil-
-forming processes at the bottom of the channel feature.

The A2 horizon material at the Freelton, Bridgeport and Strabane sites is less
typical of established loess deposits, although PITCHER, SHEARMAN and PucH (1954)
describe basal loess deposits as having only 45%, of particles in the 10— 350 p, fraction
and poorly-sorted. Thus, a fluvial origin for the A2 material is conceivable, which
may, as CHAPMAN and PUTNAM (1966) indicate, have covered an irregular surface,
the irregular nature of which may have resulted from mild freeze—thaw activity
causing hummocky ground.
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CONCLUSION

The circular soil tongues of S.W. Ontario are regarded as having developed
through the deposition of a layer of silt over calcareous gravels that had a slightly
uneven surface, possibly the result of periglacial activity. The irregular nature of
the interface has led to a localization of relatively weak pedogenic processes of
carbonate solution and differential clay movement, deposition and degradation,
which produced soil tongues beneath the infilled depressions. In the case of the
linear soil tongues silt has been deposited within a fluvial channel. Therefore, there
would seem to be little difference either in the mode of origin or in the effect of
the Bt horizon which dominate the tongues at the four studied sites despite the
contrast between both linear and circular forms in the original irregular surface.
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