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Along the east coast of Hudson Bay, palsas and related cryogenic mounds are easily discernable evi-
dence of the presence of permafrost. Analysis of their distribution shows a zonation oriented NE-SW,
approximately parallel to the shore. In the first zone, within 20 km of the shore and mainly north of
Richmond Gulf, peat-bogs are scarce and mineral cryogenic mounds occur in most locations where
surficial deposits exist. In the second zone, peat-bogs are more widespread and permafrost is found
both in surficial deposits (mineral cryogenic mounds) and peat-bogs (palsas). South of 56° N, towards
the interior, string-bogs are the dominant type of peat-bogs, with occasional partially collapsed palsas.

Permafrost has been more widespread in the region in the recent past, and its extent is now decreas-
ing. In areas of discontinuous permafrost such as that of the study, the distribution of palsas and
related cryogenic mounds is a good indicator of the extent and general conditions of permafrost.

Sur le littoral Est de la Mer d’Hudson les palses et autres buttes cryogénes sont les évidences les plus
nettes de la présence de pergélisol.

L’analyse-de leur distribution montre une zonation en bandes orientée NE-SW, plus ou moins
paralléles au rivage. Dans la premié¢re bande, large d’environ 20 km a partir du littoral, et au Nord du
Golfe de Richmond, les tourbiéres sont rares et les buttes cryogénes minérales sont présentes partout
ou il y a des dépots de surface. Dans la deuxiéme, les tourbiéres sont plus répandues et le pergélisol se
rencontre a la fois dans les terrains minéraux et dans les tourbiéres. Au Sud du 56&me parallele, les
tourbiéres réticulées dominent avec ¢a et 1a des palses plus ou moins dégradées.

L’extension du pergélisol a été plus grande dans un passé récent dans la région étudiée. Elle décroit
maintenant comme c’est le cas pour la plus grande partie du Nouveau-Québec.

Dans la zone du pergélisol discontinu, il apparait donc que les buttes cryogénes, considérées en tant
qu’ensemble et non individuellement, sont de bons indicateurs des conditions et de I’extension du

pergélisol.
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Introduction

In the discontinuous permafrost zone, permafrost
appears mainly in mounds in peat-bogs. As one
moves north towards the zone of continuous perma-
frost (Botteron ef al. 1979; Brown 1975; Ives 1962), it
occurs also in mineral surficial deposits and in bed-
rock. Associated with those mounds are other land-
forms resulting from the decay of ground ice. The
study of these permafrost-related landforms provides
some idea of the factors affecting the existence of
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permafrost and the variations of those factors with 4 sheigroke B,
time. Norw .
For this purpose, a study area was selected along UL
the east coast of Hudson Bay between latitudes 55 gl
and 58° N (Figure 1). This is the southern part of a ™
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region called Hudsonie in Québec. Special attention
was given to the Richmond Gulf area (56°15°'N,
76°30°'W).

Regional Background

From a geomorphological viewpoint, the area
covers the contact between the archean shield to the
east, consisting of a slightly undulating surface dis-
sected by valleys, and a sedimentary and volcanic
proterozoic cover sloping gently towards the Hudson
Bay basin to the west.

After the retreat of Wisconsin ice about 8000 years

Richmond Gul¢

Litt1® whose o; .
-

coustpk

BALEINE Rivel

Great whgle

o
2
L}
2,
+55° »

J

No
Lopoke ®

Clearwater
Lake-

(4
X1 R

L
FiGURE 1. Location map of the study area.
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ago, the land below the present altitude of 270 m was
inundated by the Tyrrell sea and then gradually
emerged as a result of isostatic rebound. Silty-clay
sediments resulting from reworking of till were left in
depressions by the sea.

Most of the valleys belong to the forest-tundra
ecotone while the intervening plateaus and a coastal
strip are occupied by tundra. North of Richmond
Gulf, a shrub-tundra prevails (Payette e al. 1976).
The study area is thus at the contact between two
sharply contrasting types of vegetation.

The climate is of the subarctic type with cold
winters (—22 to —25°C) and cool summers (9 to
10.5°C), with mean annual air temperature between
—4 and —7°C. Snowfall accounts for 50 per cent of
total precipitation but is highly variable from year to
year. The mean maximum snow thickness on the
ground varies from 45 cm in the north to 62 cm in the
south. This is less than that recorded in the centre of
Québec-Labrador where it reaches 120 cm. Accord-
ing to Wilson (1969), there is a strong gradient from
Hudson Bay towards the interior plateaus where
snow thicknesses in excess of 100 cm occur.

The study area is one of transition, where physical
conditions change abruptly and where contrasting
environments occur within a short distance.

Landforms Studied

Two groups of permafrost-related landforms are
easily discernible on air photographs. These are
(1) cryogenic mounds formed in mineral sediments,
and (2) cryogenic mounds (palsas) formed in peat-
bogs. In addition, string-bogs are commonly asso-
ciated with cryogenic mounds.

Mineral Cryogenic Mounds

Mounds of this type possess a silt or silty-clay core
with ice-lenses. As it is usually impossible to differ-
entiate them on morphological grounds, a classifica-
tion based on their formation has been proposed
(Lagarec 1973).

A first type, occurring mainly north of Richmond
Gulf in valley bottoms where silty sediments are pres-
ent, is the result of dissection of homogeneous flat
surfaces by gullies. This isolates linear ridges which
then degrade to individual mounds. The regularity of
their geometry, their similarity of dimension and
height, the flatness of their tops, and the various
stages of degradation observed in the field suggest
that they are the result of a polygonal, thermal con-
traction fracture system, typical of permafrost bodies
(Figure 2).

A second type is less widespread and consists of
dome-shaped mounds about 20 m in diameter, with

FIGURE 2. Vertical air photo of mineral cryogenic mounds north
of Richmond Gulf, Hudsonie. In the centre are large flat-top
mounds at different stages of dissection. In the upper left, pools
and rims result from the melt of ice in the mounds.

gentle slopes, characterized by two sets of cracks, one
concentric and one radial. The cracks are interpreted
to indicate that the mounds result from the growth of
ice-lenses. In most instances these mounds are found
downstream of the first type. They indicate forma-
tion in the following manner: first, the surface is dis-
sected by gullies isolating mounds; and secondly,
growth of ice lenses gives them a dome-shape.

Cryogenic Mounds (Palsas) in Peat-bogs

Cryogenic mounds may also be found in peat-
bogs. Various.terms have been used in the literature:
for example, palsas, minerotrophic palsas, wooded
palsas, peat-mounds, peat-plateaus, and palsa-
plateaus. Several morphological classifications have
been proposed (for example, Schunke 1973). Accord-
ing to the classical definition, ‘‘the term palsa. . .
means a hummock rising out of a bog with a core of
ice”” (Seppild 1972). In this study, palsas are defined
as mounds with a perennially frozen core found in
peat-bogs. Field investigations in northern Québec
indicate palsas to possess a frozen mineral core con-
sisting generally of either marine silty-clay or till, and
a peat cover ranging in thickness from 0 to 2.5 m.
Their size is highly variable often reaching several
tens of metres in length and heights of between 2 and
12 m.

The surface cover of palsas changes from south to
north. In the southern part, they are usually covered
with black spruce trees (Picea mariana) and, as such,
are difficult to detect on air photos. These are not in-
cluded in the present study. In the northern part, the
palsas bear only a lichen mat. In areas inbetween, the
palsas commonly have a vegetation of healthy shrubs




north of Richmond Gulf, Hudsonie, taken from an elevation of
approximately 600 m above ground. In the upper part, palsas are
perpendicular to the slope. In the lower right palsas are close to the
palsa-plateau stage.

and lichens with scattered spruce which can be up to
150 years old; the height of dwarf birch (Betula glan-
dulosa) and the form of the spruce trees are good
indicators of snow cover thicknesses. In some cases,
in winter, the tops of palsas are free of snow or are
merely capped by a thin film of ice.

As in the case of mineral mounds, palsas can be
found either as isolated landforms or as clusters in
peat-bogs, which then display geometrical patterns
depending on the shape of the bog, the slope, and the
drainage.

In Hudsonie, the most common disposition is an
orthogonal pattern with the long axis of the palsas
perpendicular to the axis of the cluster and to the
slope (Figure 3). In such peat-bogs, several landforms
are associated with palsas at different stages of either

FIGURE 5. Oblique air view of a palsa-plateau in the Richmond
Gulf area, Hudsonie, taken from an elevation of approximately
400 m above ground. The surface is dissected by troughs isolating
and small residual mounds.
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FIGURE 4. Oblique air view of final stage of evolution of a palsa-
bog, Hudsonie, taken from an elevation of approximately 400 m
above ground. Only small remnants of palsas and pools are sur-
rounded by rims showing their former size.

their growth or decay. For example, small pools and
ridges are sometimes the only evidence of the former
presence of these mounds (Figure 4). In other areas,
bogs are occupied by unusually large palsas (several
tens of thousands of square metres in area), with flat
surfaces only 1 or 2 m above the bog surface. These
are referred to as palsa-plateaus, following Schunke
(1973). Shallow troughs forming a polygonal pattern
often dissect them (Figure 5) and standing water
bodies can sometimes be found on them (Figure 6).

The Evolution of Cryogenic Mounds

In Hudsonie, cryogenic mounds have several possi-
ble origins (Lagarec 1973; Laverdiére and Guimont
1976; Payette et al. 1976), implying two different
mechanisms, namely, (1) the cracking of large homo-

FIGURE 6. Oblique air view of a palsa-plateau, Hudsonie, taken
from an elevation of approximately 400 m above ground. In the
upper left some mounds have been isolated from the palsa-plateau
where permafrost is degrading rapidly. Numerous ponds exist on
the palsa-plateau.
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FIGURE 7. Distribution of cryogenic mounds and peat-bogs,
Hudsonie.
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FIGURE 8. Zonation of permafrost conditions in Hudsonie. (See
text for explanation of numbers 1-3).

geneous frozen bodies; and (2) the growth of indi-
vidual mounds.

The morphology of palsa-plateaus (see Figure 5)
suggests that, ultimately, erosion along troughs will
isolate individual mounds. This has been confirmed
through the monitoring of a palsa-plateau in the
Richmond Gulf area, over a 20-year period, com-
paring air photographs with ground control (Lagarec

1980).

The growth of individual mounds is more frequent
in the southern part of the study area. They occur
mainly as wooded palsas resulting from the growth of
ice-lenses beneath spruce (Payette et a/. 1976), and in
closed-string bogs where ice forms in the drier and
more exposed ridges resulting in narrow, elongate
parallel palsa-plateaus, several hundred metres long.

When permafrost thaws, three models of cryogenic
mound evolution may apply to Hudsonie, depending
on the behavior of meltwater. First, when the degra-
dation of the mounds is rapid and if ice contents are
high, a lake forms in the basin. Secondly, when
degradation is slow, pools and upstanding rims will
exist and are progressively recolonized by vegetation.
Thirdly, an intermediate situation may exist where
water in the basin will contribute to erode the peat-
blanket and give birth to string-bogs.

That third type can be observed in some palsa
bogs. In other cases, scars of former palsas are still
visible in string-bogs as evidence of the existence of
permafrost at a prior stage (Cailleux and Lagarec
1977; Lagarec 1973).

Zonation of Cryogenic Mounds and Permafrost

The distribution and stage of decay of cryogenic
mounds are important indicators of the state and evo-
lution of permafrost. To that end, a degradation
index (DI) relates the number of fields where pools
occupy more than 50 per cent of the area (P) to the
number of fields with mounds (M) and pools:

n  pr=_1%°_
M+ P

A second index (PI) relates the number of bogs where
permafrost is present (regardless of its stage of evolu-
tion) to the total number of bogs (B):

100(M + P)
B
Both indices are multiplied by 100 to express them as
percentages.
This data is summarized showing the distribution

of DI and PI values for the Richmond Gulf area
(Figures 7 and 8). Three zones can be recognized.

2] PI=




Zone 1 forms a littoral strip, 10 to 20 km wide north
of Richmond Gulf. Mineral cryogenic mounds occur
wherever surficial deposits are present and result
from the dissection of clay basins. Zone 2 lies parallel
to the first but extends south towards Poste-de-la-
Baleine. Permafrost is less widespread and is found
in both mineral surficial deposits and peat-bogs.
Depending on their relative frequencies, four sub-
zones are defined:

(2a) North of Richmond Gulf, mineral cryogenic
mounds and palsas usually occur together in the same
field;

(2b) Around Richmond Gulf,
dominant;

(2¢) In subzone, mineral cryogenic mounds and
palsas mix in depressions running along the pro-
terozoic cuestas, and in broad valleys; and

(2d) South of Poste-de-la-Baleine, permafrost is
mainly restricted to peat-bogs.

In zone 3, between Boniface River and Clearwater
Lake, peat-bogs are small and scattered, and the only
visible evidence of permafrost is low solitary palsas.

The degradation index increases from Hudson Bay
towards the interior, with a steeper gradient in the
south than in the north (Figure 9). As might be ex-
pected, the permafrost index shows the opposite
trend (Figure 10). This confirms a comparison of air
photographs, taken between 1952 and 1957, and
recent field observations, pointing out a rapid degra-
dation of permafrost, particularly in the southern-
most part of the region.

palsas are

Conclusions

Three conclusions can be drawn from this study.
First, permafrost in peat-bogs was formerly more
widespread than today. It is well preserved in zone 1,
but is degrading rapidly, especially at the southern
limit of zone 2. Secondly, while palsas are thawing,

‘string-bogs are expanding and replacing them.
Thirdly, there is a steep temperature gradient con-
trolling the present degradation of permafrost.

The zonation of cryogenic mounds is related to the
eco-climatic conditions of the study area and displays
the same gradient from north-west to south-east. For
example, in the tundra ecotone (zone 1) where the
winter snow cover is thin, permafrost characterizes all
surficial deposits. In addition in zone 2, peat is
important for the preservation of permafrost. North
of Richmond Gulf, the conditions are roughly the
same as in zone 1, but because of the presence of
peat, palsas senso stricto adjoin mineral cryogenic
mounds. Around Richmond Gulf, climatic condi-
tions are more continental and permafrost appears
mainly in palsas. Peat is necessary therefore, for the
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FIGURE 9. Values of degradation index (DI) palsa bogs in
Hudsonie.
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FIGURE 10. Values of permafrost index (P/) of bogs in Hudsonie.
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formation and the preservation of permafrost.

Degradation and permafrost indices demonstrate
that the extent of permafrost is decreasing rapidly.
Thus, in areas of discontinuous permafrost such as
the study area, the distribution of palsas and related
cryogenic mounds are good indicators of the extent
and general conditions of permafrost.
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