Climate and Permafrost

Distribution and probable age of relict permafrost features in south-western Ontario
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Over three hundred areas of polygonal ground principally developed upon the Tavistock Till, depo-
sited by the Huron ice lobe, and the Port Stanley Till, deposited by the Ontario-Erie ice lobes, have
been located in south-western Ontario. The polygons are believed to be the surface expression of either
former ice-wedges, or sand-wedges. These were formed in the period from about 15,000 to 13,000
years B.P. and may involve more than one period of activity. Fossil insect faunas from Michigan and
New York indicate that a climatic regime compatible with the existence of permafrost was present at
13,800 years B.P., but that it had disappeared prior to 12,700 years B.P. The periglacial zone in which
the polygons were created was probably localized and may have existed elsewhere, at later dates, in
positions where the morphology of the retreating Laurentide ice was favourable.

Plus de trois cents secteurs de sols polygonaux qui se sont principalement formés dans le till de
Tavistock, déposé par le lobe glaciaire du lac Huron, et le till de Port-Stanley, déposés par les lobes
glaciaires des lacs Ontario et Erié, ont été localisés dans le sud-ouest de I’Ontario. On pense que les
polygones sont la manifestation en surface de pseudomorphose de coins de glace ou de sable, qui se
seraient formés il y a 15 000 a 13 000 ans lors d’une ou plusieurs périodes d’activité. Les faunes d’in-
sectes fossiles des états du Michigan et de New York indiquent qu’un régime climatique compatible
avec la présence de pergélisol existait il y a 13 800 ans mais qu’il a disparu il y a plus de 12 700 ans. La
zone périglaciaire dans laquelle se sont formés les polygones était probablement localisée et a pu appa-
raitre ailleurs, par la suite, en des endroits ou la morphologie de I’inlandsis laurentidien en régression
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Introduction

Polygonal patterned ground was first recognized in
southern Ontario ten years ago (Morgan 1972; Mor-
gan and Morgan 1977) although structures attributed
to former permafrost regimes had been described ear-
lier elsewhere in Canada (Berg 1969; Borns 1965;
Brookes 1971; Dionne 1966, 1967, 1969, 1970, 1971;
Gangloff 1970; Gangloff et al., 1971; Morgan 1969;
Westgate and Bayrock 1964). A summary of these
early papers is provided by Brown and Péwé (1973),
Péwé (1973), and Washburn (1973), while Black
(1976) has provided critical comments on the
supposed origins of many of the structures described
in those papers. Summaries of the stratigraphy of
parts of south-western Ontario are provided in papers
by Dreimanis (1961, 1969), Harris (1967, 1970), and
Karrow (1971, 1974).

The paper by Morgan (1972) described polygonal
patterns, attributed to the surface expression of for-
mer ice-wedge cracks, in a geographically restricted
area just to the east of Kitchener, Ontario. Examina-
tion of vertical air photographs taken for federal,
provincial, and local governments, coupled with
annual private flights in a light aircraft have revealed
geographically widespread areas of polygonal pat-
terns. The purpose of this paper is to describe the
areal extent of the polygonal ground and the sup-
posed age of the features. Some preliminary com-
ments on fossil insect faunas have also been made.
These faunas have been used to elucidate climatic

conditions following the retreat of the late-Wisconsin
Laurentide ice sheet.

The Nature and Areal Extent of
Polygonal Ground

Although many vertical air photographs have been
taken of parts, or all, of the area under discussion,
the most useful coverage for detecting relict polygons
is the 1955 series produced for the Ontario Depart-
ment of Lands and Forests. These panchromatic
photographs at a scale of 1:15,840 were taken in late
June and early July, at a time when moisture differ-
ences in the soil were pronounced. The 1978 series
also taken in late June and early July, although exhib-
iting some new areas of polygons as well as re-
confirming the presence of polygons in other areas,
do not reveal as many polygons as the 1955 series.
Photographs taken in 1972 also fail to show the wide-
spread extent of polygons exhibited in the 1955 series.
This situation does not reflect the quality of the
imagery, indeed, the 1972 and 1978 series are far
superior to the 1955 photographs in terms of both
definition and contrast. The timing of the flights is
also not significantly different with practically all of
the photographs being taken in June and July. Some
interesting climatic comparisons can, however, be
made between the 1955 and 1972 series. This infor-
mation is summarized in Table 1, and shows four
regions in the zone of maximum polygon develop-
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ment (tabulated from north to south, a distance of
approximately 150 km) and centred on the towns of
Waterloo, Woodstock, London, and Aylmer. In each
of the four areas, precipitation for the month prior to
the 1955 photographs was significantly lower than
normal (in one case 90 per cent below normal). In
1972, precipitation was normal or above average.
The polygon outlines become well defined when
there are pronounced differences in moisture content
between the materials filling the wedges and those

TABLE 1. Precipitation comparisons; 1955 and 1972, by region

Region Flight Year Precipitation 30-day
date average prior to flight
Waterloo June 30 1955 down by 90%
June 28 1972 normal
Woodstock June 30 1955 down by 50%
June 30 1972 no data available
London June 30 1955 down by 50%
June 30 1972 up by 30%
Aylmer July 10 1955 down by 45%
July 31 1972 normal

FIGURE 1. Comparative views of a polygon network at Muir, near Woodstock, Ontario, photographed from 154 m elevation: ain J uly,

forming the polygon boundaries. These differences
are a reflection of water moving through the polygon
network in the manner outlined by Morgan (1971a,
1971b). Long-rooted cereals, and to a lesser degree
other plants, are able to take advantage of moisture
differences between the wedge area and polygon cen-
tres and this enables differential growth and ripening
across the polygons, a phenomenon recognized by a
number of authors (Christensen 1974; Dimbleby
1952; Morgan 1971b; Svensson 1972, 1973). General-
ly these moisture differences cannot be seen at ground
level when there is a crop cover, although they can be
detected by small-scale resistivity profiling (Green-
house and Morgan 1977). The moisture differences
show up extremely well on air photographs taken
under strongly evaporative conditions and illustrate
that well-developed polygons visible in one year, may
not be visible the next year (Figures 1 and 2). By
utilizing the available vertical photographs for all of
the region (1955, 1972, 1978) together with geo-
graphically restricted coverage (1963, 1966, 1968) and
by supplementing these with oblique hand-held
photographs, a comprehensive picture of the areal
extent of patterned ground has gradually been creat-

1975, with corn (maize) 20 cm high in the field (x indicates the position of the polygon with a person see Figure 4); and b in June, 1977,

when the polygon outlines can only be discerned after close study.




FIGURE 2. a Comparative views of polygonal ground at Belwood
Lake, north of Waterloo, Ontario, in two fields near the centre of
the picture: in August, 1963, when polygons were clearly visible.
Note that the lake level is low, enhancing the moisture differential
seen in the ripening crops. (Grand River Conservation Authority
(Northway Survey Corp. Ltd.) photograph #4425-100); and b at the
end of June 1955, when polygons do not show up (Ontario Dept.
Lands and Forests photograph #55-4334-20-123). North is at the
top of both photographs.

ed. On some vertical photographs anastomosing pat-
terns, looking rather like water-modified degenerate
ice-wedge polygons, can be seen. Putting aside these
problematical pseudo-polygonal patterns, there are
many areas of well-defined polygons, with regular
and sharp boundaries, within a belt running from Mt.
Forest to London, and in the scattered occurrences
paralleling the shore of Lake Huron. Approximately
12,000 km? have been examined and over 500 discrete
areas of polygonal ground have been detected. These
range in size from individual fields of about 1000 m?
to areas of up to 10 km2. About 350 of these areas are
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FIGURE 3. Relationship of polygon areas (open circles) to major
end-moraine systems in south-western Ontario (Modified after
Chapman and Putnam 1966). Most of the polygons are located be-
tween the St. Thomas-Tillsonburg-Paris moraines, and the towns
of London, Kitchener-Waterloo, and Mt. Forest.

believed to show definite polygonal networks while
the remaining areas of polygonal markings have
varying degrees of uncertainty attached to their inter-
pretation. The location of the definite polygonal pat-
tern areas are shown in Figure 3.

One of the greatest difficulties in studying polygo-
nal ground is relating the patterns, which are often
seen quite readily from the air, to features which are
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(seexin Figure la).

difficult, or impossible to see from the ground. Tech-
niques used include direct measurement from air pho-
tographs of the distance of polygon boundaries to
specific objects on the ground, such as trackways,
telephone poles etc., or the use of the electrical resis-
tivity method mentioned above. Air to ground com-
munication, using hand-held two-way radios has also
been attempted with an observer in an aircraft direct-
ing a person in a field with known polygonal net-
works. This technique was not successful, but it prob-
ably would work if electrical interference in the radio
used in the aircraft could be resolved. These attempts

-

L

FIGURE 4. View east across polygon networks at Muir, Ontario in May 1977. The polygon with figure standing is ca. 20 x 30 m;

were made to establish the exact position of the poly-
gon margins so that they could be excavated with
minimal cost. Excavations are necessary to establish
the nature of the structure beneath the polygon
boundary.

Wedge Structures and their Relationship
to Till Units

Occasionally, polygonal networks can be recog-
nized at ground level if moisture contrasts are suffi-
ciently pronounced.

In the last week of May 1977 an area of polygons at

FIGURE 5. The Muir polygons being marked out prior to trenching. Surveying tape has been placed along the polygon boundaries. The
trees in the background stand in front of the farm (see Figure 1a and b).
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FIGURE 6. The Muir polygons being trenched. Photographed only six hours after Figure 5, the polygon outlines have disappeared due to

strong evaporation from the soil surface. Surveying tape placed perpendicular to the polygon boundary, aligns the trench to cut across

the polygon. The machine is about to cut Wedge #4.

Muir, near Woodstock was excellently exposed at
ground level because of strongly evaporative weather
conditions (Figure 4). The moisture differential re-
mained long enough (approximately 30 hours after
first observation) for the area to be marked out accu-
rately (Figure 5). The polygon boundaries were tren-
ched, using a backhoe (Figure 6) and in each case a
wedge-shaped form, infilled with fine to medium
sand, was found penetrating the till (Figure 7). As
each polygon boundary was cut by the backhoe,
water seeped from the wedge into the trench. Water
flow at the Muir polygons was estimated at between 2
and 6 litres per hour, allowing some piping to take
place near the base of the wedge in the bottom of the
trench.

Sediment samples were removed from the wedge-
infill and from the till on the side of the wedge. The
analyses from three of the wedges, together with the
adjacent till are given in Figure 8. The average ana-
lyses of the till (25.5 per cent clay; 56.0 per cent silt;
18.5 per cent sand) are similar to analyses (28.2 per
cent clay; 56.4 per cent silt; 15.4 per cent sand) of five
representative till samples taken in the area (Cowan
1975). The nature of the infilling debris at Muir is
quite different from the materials observed in the
wedges excavated near Kitchener, Ontario and de-
scribed by Morgan (1972). In the latter examples, the
wedges were infilled with sand and gravel, with verti-
cally aligned pebbles along the margins. The Muir
wedges were filled with an orange-brown, fine- to
medium-grained sand. There was no discernable sign
of vertical lineations in the sand (as is frequently seen
in sand-wedge casts) nor were there signs of upwarp-

ing or downwarping of the till adjacent to the wedge
margins (as is often encountered in ice-wedge casts).

The relationship of the polygonal patterns to the
respective till units is illustrated in Figure 9. Since the
polygons are probably time-transgressive and can
only be formed following the retreat of the ice depos-
iting the respective till unit, the age of the till sheet
provides the maximum age of the polygon network.
The till sheet upon which the Muir polygons are loca-
ted was described by Cowan (1975) as Port Stanley
Till. This is a generally stiff clayey-silt or silt till, de-
posited by the Erie ice lobe during the Port Bruce
stadial. An examination of all the polygon occur-
rences on the Woodstock (1:250,000) map sheet
reveals that the patterned ground lies either upon
Port Stanley Till or upon the informally named Zorra
Till (Cowan 1975). The Zorra Till (originating from
the Huron ice lobe) has subsequently been renamed
Tavistock Till and also is of Port Bruce stadial age
(Cowan et al. 1975). Polygonal ground is preferen-
tially developed upon the Tavistock Till (of west,
north-west, and north-east provenance) and the Port
Stanley Till (derived from the east and south-east).
These two major till units are silt-rich and were
deposited approximately contemporaneously, about
15,000 to 14,500 years age (Cowan ef al. 1978). Other
tills which show polygon networks are the Wentworth
Till of the Ontario Lobe, and possibly the Rannoch
Till of the Huron lobe. The Wentworth Till in the
area of Kitchener-Waterloo is a silty-sandy till
(Karrow 1971) while the Rannoch Till (paralleling,
and inland from, Lake Huron) is a silty-clay till
(Cowan et al. 1975). Both the Wentworth and the
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FIGURE 7. Polygon sections trenched at Muir, Ontario.

Rannoch tills are believed to be the youngest tills of
the Port Bruce stadial and apparently were deposited
about 14,000 years ago (see Figure 9).

The areas of youngest polygons so far detected
occur on St. Joseph Till west of Arkona, Ontario,
and in the area south of London extending eastward
toward the town of Tillsonburg. The St. Joseph Till
limit in the Arkona region approximately delimits the
Wyoming moraine which was deposited by Huron
lobe ice during the Port Huron stadial approximately
13,000 years ago. In the area south of London, the
polygonal patterns are developed almost exclusively
upon Port Stanley Till, but a few areas appear on
what has been mapped by Dreimanis (1964) as silt
and clayey-silt glacio-lacustrine materials. The age of
these deposits is uncertain but they must be of young-
er Port Bruce stadial, Mackinaw interstadial, or
oldest Port Huron stadial age.

The area south of London is a complex region of
end moraines which were inundated by glacial lakes
Maumee, Arkona, Whittlesey, and Warren (Dreima-
nis 1964). Beach levels are particularly difficult to
trace because they apparently formed in stagnant ice

areas. In the vicinity of Tillsonburg the youngest
polygons seem to be developed either upon, or adja-
cent to, marginal deposits of glacial Lake Whittlesey.
It is possible that the mapping of lithological bound-
aries or the depth of the lacustrine deposits may
influence this apparent interpretation, however, the
Whittlesey deposits and those of the Arkona area are
approximately the same age at 13,000 years B.P. So
far no polygonal ground areas have been found in
south-western Ontario on materials which are young-
er than this age, and all of the occurrences lie outside
moraines of Port Huron stadial age.

Relict Polygonal Ground and Paleoclimates

Because of the three-dimensional relationship of
wedge structures and polygons, the extensive areas of
polygonal ground patterns in south-western Ontario
are believed to represent the surface expression of
former ice-wedges or sand-wedges. Alternative hypo-
theses including bedrock joint patterns, soil tongues,
and associated soil phenomena, dessication polygons,
jointing in till, and seasonal frost cracks were dis-
cussed by Morgan (1972). The recognition of many
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FIGURE 8. Granulometric analyses of samples taken from the wedges and the adjacent till at the Muir polygons. The tillis predominantly
silty, whereas the wedges are infilled with fine-medium grained sand. W-7 refers to Wedge #7 (see Figure 7).

more areas of polygons developed upon tills of the
same age re-confirm the ideas expressed in this earlier
paper. More recent work has not yet resolved the
problem of whether the distribution of wedges are
lithologically controlled as well as being time-
dependent, (i.€. formed in chronologically restricted
intervals, such as the Port Bruce or early Port Huron
stadials) and both factors may play an important part
in their distribution. Generally the polygon networks
are best seen on tills which have high percentages of
silt, but there are exceptions, and other tills which
also have relatively high silt contents, such as the
Mornington and Elma tills, do not show polygonal
patterns. Both the Tavistock and the Port Stanley tills
exhibit the strongest patterning and, significantly,
both are contemporaneous although deposited by dif-
ferent ice lobes. The development of the polygonal
patterns must post-date the deposition of these tills,
and, as such, must be younger than ca. 15,000 yrs.
B.P. Similarly, since the youngest deposits exhibiting
polygons are approximately 13,000 years old, the
phase of polygon development encompasses approxi-
mately 2000 years. This time span is certainly long
enough for ice-wedge polygons to develop, (Leffing-
well 1915; Mackay 1974) although some of the pat-
terned ground areas would not have had the full
2000 years for the wedge systems to form. The

incomplete polygonal networks seen in some areas
may have been arrested before they had time to devel-
op into fully integrated polygon systems. Similarly
the ‘anastomosing’ network patterns seen in many
regions may represent surficial stream flow systems
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FIGUREY. Relationship of polygon networks, till sequences, and
radiocarbon age estimates for south-western Ontario (modified
after Cowan et al. 1978). Black circles represent till exhibiting ‘defi-
nite’ patterned ground. The open circle represents possible areas of
polygonal ground. Numbers refer to moraines: 1, Tillsonburg,
2/3, Paris/Galt; 4, Waterdown; 5, Wyoming. As seen in Figure 10,
the Port Huron, Wyoming, Palgrave, and Waterdown moraines
are believed to be approximately contemporaneous.
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partially developed upon thawing wedge forms as the
short-lived permafrost regime ended. Nevertheless,
the question which needs to be answered is whether
there is any other evidence for a climatic regime rigor-
ous enough to support a periglacial climate during
ice-retreat from south-western Ontario? Unfor-
tunately only a few organic sequences which might be
used to elucidate past climate are known within the
area under discussion.

The oldest organic-bearing unit post-dating the
retreat of Laurentide ice is the Wildwood Silts (Kar-
row 1977; Sigleo and Karrow 1977) exposed near
Wildwood Lake north-east of London. This bed is
believed to have been deposited in the Erie inter-
stadial, and predates the deposition of the Tavistock
Till. Examination of the pollen and spores recovered
from these sediments shows the local vegetation con-
sisted of grasses, mosses, and herbs. Relatively high
percentages of Pinus and Picea pollen probably
reflect long-distance transport from areas further
south or west although Sigleo and Karrow (1977) sug-
gest a forest-tundra or near tundra environment
during the deposition of the Wildwood Silts. Some-
time shortly after the silt deposition, both the Huron
and Ontario-Erie Lobes re-advanced, and later,
retreated. It was at this time that the first abundant
polygon networks formed upon tills deposited during
the Port Bruce stadial, ca. 15,000-14,000? yrs. B.P.
(see Figure 9).

An organic sequence exposed in clayey-silts in the
Weaver Drain site near the town of North Branch,
Michigan (Figure 10) produced a small but interesting
flora and fauna which has helped to clarify the paleo-
environment about 13,800 years ago (Morgan et al.
1981). Both the pollen and plant macrofossils indicate
open ground conditions, and this is substantiated by
the insects also recovered from the site. A number of
ground beetles indicate open ground (tundra-like)
conditions with some of the species reflecting dry,
sandy substrates. Although the plant and insect
assemblages point to open conditions, the presence of
boreal species including one bark beetle probably
means that trees were not far from the site. July tem-
peratures were probably at or above 10°C with the
mean annual temperature below 0°C, possibly in the
—1to —4°C range. The Weaver Drain site encom-
passes part of the time when polygonal ground was
believed to be active less than 150 km to the east. In
south-western Ontario' mean annual temperatures
may have been as high as — 3 or -4°C, a conserva-
tively warm estimate for the formation of ice-wedge
or sand-wedge polygons (A.L. Washburn, pers.
comm. 1978).

Using insects as paleoclimatic indicators it is inter-
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FIGURE 10. Paleogeographic reconstruction of the area at the
time of the Port Huron advance (ca. 13,000 yrs. B.P.). The north-
ern margin of glacial Lake Whittlesey, the position of polygons to
the respective ice lobes and associated end moraines, and the local-
ity of fossil sites mentioned in the text are shown.

esting to compare the next youngest fauna, recovered
from the Winter Gulf site, near North Collins, New
York. The floral assemblage from this site was
studied by McAndrews (Calkin and McAndrews
1980) whilst the insects have been described by
Schwert and Morgan (1980). The climatic interpreta-
tion made from the flora (— 3 to 0°C mean annual)
differs from the temperature estimate provided by the
beetle fauna (2 to 4°C mean annual.) Such discre-
pancies have been recorded on a number of occasions
in Europe (Coope and Brophy 1972; Morgan 1973),
and seem to reflect differences in the rapidity of re-
sponse by the plant and animal communities. The
insects responded more rapidly than the plants to
ameliorating climatic trends. The fauna of the Winter
Gulf site, deposited when the Ontario Lobe stood less
than 50 km to the north and dated at approximately
12,700 yrs. B.P., is a boreal fauna and one which
does not seem to be compatible with an active perma-
frost regime.

Summary and Discussion

Numerous and extensive areas of polygonal ground
have been observed on air photographs in south-
western Ontario. A few areas have been trenched
using a backhoe and the polygon boundaries are
underlain by wedge-shaped tapering structures several
metres in depth. These are presumed to be epigenetic
ice-wedge casts, infilled with sand following the
degradation of the ice filling and formed in a perma-
frost environment shortly after ice retreat. It is possi-




ble that some of the wedges may be sand-infilled,
sand-wedge structures for the insects in the Weaver
Drain site do indicate dry substrates around a small
pond. The wedges are, however, quite dissimilar in
both structure and form from the numerous and well-
formed soil tongues seen frequently in gravel pit faces
and excavations throughout much of the region
(Grubb and Bunting 1976). The largest areas of poly-
gons are found upon the silt-rich Tavistock and Port
Stanley tills and could not have formed until after
15,000 yrs. B.P. Since the polygons are probably
time-transgressive and could only have been formed
following the retreat of the ice depositing the respec-
tive till unit, the age of the till sheet provides the
maximum age of the polygon network. This would
also apply to glacial lakes and associated lacustrine
deposits unless the lacustrine sediments are thin
enough for moisture differences to show through
from an underlying deposit.

The insect fauna from Weaver Drain near North
Branch, Michigan (approximately 70 km west-north-
west of Sarnia) indicates that open ground (tundra-
like) and tree-line species were living immediately
west of the area under discussion about 13,800 yrs.
B.P. A second insect fauna from Winter Gulf, south
of Buffalo, N.Y., is not compatible with a tundra
environment, or a permafrost regime. The youngest
periglacial structures formed at the outer limits of the
Wyoming moraine, and on the margins of the glacial
Lake Whittlesey, about 13,000 yrs. B.P. Since the
Winter Gulf site is dated at 12,700 yrs. B.P., the
severe climate necessary for the formation of polygo-
nal ground must have disappeared shortly after
13,000 yrs. B.P. It is possible that south-western
Ontario may not have been consistantly cold
throughout the period from 15,000 to 13,000 yrs.
B.P. Periglacial structures may have formed on a
number of occasions, associated with major ice lobe
re-expansion, i.e. either 15,000 yrs. B.P. (Port Bruce
stadial) and shortly before and up to ca. 13,000 yrs.
B.P. (early Port Huron stadial). Although there is no
evidence for permafrost conditions in south-western
Ontario after 13,000 yrs. B.P., the presence of tundra
insect faunas near the margins of the Champlain Sea
in Québec (Mott et al. 1981) approximately 11,000
yrs. B.P. indicates that scattered occurrences of tun-
dra (and possibly permafrost?) may have followed
the retreating ice northward. This hypothesis would
be quite compatible with the suggestion made by
Dionne (1975) that discontinuous permafrost oc-
curred in lowland areas near the margin of the re-
treating Laurentide Ice Sheet in southern Québec bet-
ween 13,000 and 11,000 yrs. B.P. The permafrost
‘zone’ would probably have been narrow and restrict-
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ed to climatically favourable areas, possibly where
katabatic winds may have drained off the receding
Laurentide ice. Such areas may not have been stable
long enough for well-developed ice-wedge polygon
networks to form, but almost certainly incipient or
poorly developed frost cracks or small, single wedges
would have been created under such a regime. Fur-
ther research will undoubtedly uncover similar, local-
ized areas of former permafrost, which, in a dia-
chronous manner followed the retreating Laurentide
ice sheet northward.
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