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ABSTRACT

The term palsa 15 a Fennoscandian word for a peaty hillock or mound having a
permafrost core composed of alternating layers ot segregated 1ce lenses. and organic
or mincral sl This dissertation presents results of a study on the morphology,
ecology. eryotic structure, and thermal regime of 6 palsas sites in the Schefferville
arca and offers a new categonzation of these features based on therr cryotic
structure.  Tughteen palsa sites were located withm a 35 km radws of Schefterville
and six of these sites were mvestigated in detaal. Palsas ranged from 5.6-59.0 m 1n
length and up to 1.1 m wm height Most were located in valleys formed by the strong
ridge-valley topography of the Labrador trough.  Analysis of plant macrofossils
suggests a successtonal change from hydrophihic species 10-15 e¢m below the paisa
surface to relatively serophihie species on the palsa surtace.  The transition zone
between these vegetation assocations idicates when the peat surtace was heaved
above the water table and thus, the mitiation of the palsa. Surtace vegetation on the
palsas s used 1o mdicate stage or category of development.  Lichens and shrubs
combmed with small amounts of bare peat suggest a stable palsa. Large arcas of
barc | 1t on the surface ot palsas resultng tfrom erosion indicates degradation.
Healthy sedges on the palsa surtace indicate aggrading conditions - Ground e within
palsas rangcd from small discontinuous 1ce lenses within peat to large Tenses at the
peat nuneral ol contact and within the nuneral soil. The depth of snow on the palsa
surface vaned on both a temporal and spatial basis - Active layer depths were not
greatly aftected by the depth of winter snow. _limatic parameters, such as heating
degree days an. birght sunshine hours, were found to predict maximum active layer
depths mosc accurately than Stetan’s equaton. This dissertation shows that palsas
with both orgamce and nuneral soil cores ate common permafrost features in the
Schetterville area and wiathin o relatively small area palsas exist at ditferent stages of

development.



RESUME

Le terme palse, d’origine tinno-s..nurr +  désigre une butte ou un monticule tourbeux et
pergélisolé formé d'ure alterrance d’hHn 1 s de glace de ségrégation et d horizons de maténel
organique ou minéral. En nlus de préss nter le ¢ résultats d’une étude portant sur la morphologie,
I’écologie, la structurc inerne cyroger que erygénique et le régime thernmgue de palses
localisées dans 6 des 18 sites que P'on t-o 2 » moins de 35 km de Schetferville, e present

mémoire propose un critere de ditférent nalses fendé sur la structure eryopénique 1 es
palses étudiées avaient une longue 59 metjusqu’a 1T m de hautenr. Elles
se trouvaient pour la plupart dans A ~ s de 1a fosse du Labrador 1 analyse des
macrorestes végétaux montre 1 -+ es x€rophiles en surface Y des planies
hydrophiles 10 ou 15 cm sous . n. : La localisation de la 7one de transition
est reliée a la périove d’émergence . ¢+« port A la nappe phréatique, c'est d-due i
sa formation initiale. Le type de végew .n e ce indique le stade de développement de la
palse. Une surface de lichens et d’arbustc .~ _wée de tourbe nue mdique une stabilité de

développement. On associe une surface caractérisée par de grandes sones de tourbe ) une
dégradatior: et, a I'inverse, I'aggradation se traduit par une relative abondance de carex 1a
glace dans les palses se trouvait soit en petites lentiles discontinues dans la tourbe ou en couches
plus épaisses dans le sol minéral ainsi qu’au contact entre ce dernser et la tourbe  Bien que
’épaisseur du manteau nival a la surface des palses montrait une varation a la fors spatiale et
temporelle, il a été impossible d’y associer une vanation de I'épaisseur de molhsol 1 a eté
détermmé que I'utilisation de parameétres chmatiques comme le nombre de degrés jours de
chauffe et le nombre d’heures d’ensoleillement donnait de meilleurs résultats que I'équation de
Stefan quant a I’estimation de I’épaisseur maximale du molliso’. Le présent mémone démontie
que les palses % coeur minéral ou tourbeux constituent de fréquentes mamfestations de pergéhsol
dans la région de Schefferville et que des palses rapprochées peuvent présenter des stades de
développement différents.
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PREFACE
This dissertation s based on a compilation of three  onigmal manuscripts, two
of which are already published. The Faculty of Graduate Studies and Rescarch
require that the following three paragraphs appear i tull at the beginming of a

dissertation adopting this apptroach.

"The candidate has the option, subject to the approval of the Department, of
including as part of the thess the text, or duplicated pubhished text (see below), of
an original paper or papers. In this case the thesis must stull contorm w all other
requirements explaned in Guidehnes Concernming Thesis Prepatation  Additional
materiai (procedural and design data as well as descnptions ol equipment) must be
provided in sutficient detail (e.go i appendices) to allow o clewr and precise
judgement to be made of the mportance and ongmality ot the sescarch reported
The thesis should be more than a mere collection of manuscripts published or to be
published. It must include a general abstract, a full introduction and hterature review
and _a final overall conclusion Connecting  texts which provide ogical bridges
between different manuscripts are usually desirable m the mterests ol cohesion

It 15 acceptable for the thesis to melude as chapters authentic copies of papers
already published, provided these are dupheated clearhy on regulation theses
stationary and bound as an integral part of the thesis Photographs or other maternials
which do not duplicate well must be ncluded m thew ongimal forny In such instances,
connecting texts are _mandatory and supplemental explanatory mateial s almost
always necessary.

The inclusion of manuscripts co-authored by the candidate and others s
acceptable but the candidate s required to make an exphient statement on who
contributed to such work and to what extent and supervisors st attest to the
accuracy ot such claims, e.g before the oral committee. Smee the task of the
Examiner’s 18 made more ditticult m these cases, 1its m the candidates mierest to
make the responsibilities of the authors perfectly clear. Candidates followmg this
option must nform the Department before it submits the thess for review”
(Guidelines Concernig Thests Preparation, McGill University, Faculty of Graduoate
Studies and Rescarch.)



This dissertation 1s divided into tour chapters; chapter 1introduces the subject,
defines the study objectives and summarizes background hterature relevant to the
study. Chapter 2 15 dwvided nto two distinet sections. each section comprising a
published manuscript. These two papers are combined into one chapter because
there are a number of overlapping discussions. Chapter 3 comprises a manuscript
that, at the time of submussion, was in the review process. This manuscript is
presented as a separate chapter because it is based primarily upon empirical analyses.
Chapter 4 discusses the three manuscripts and attempts to draw together their
conclusions into an integrated statement.

The literature described in cach of the manuscripts summarizes background
information relevant only to the problems addressed.  Accordingly, an expanded
literature review is presented in chapter 1 to put these papers, and this research, into
a broader context.

The candidate 1s the primary author and the supervisor (Dr. Wayne H.
Pollard) second author, of all three papers. The research is solely that of the
candidate: the held, laboratory, and statistical analyses were the work of the
candidate as weli as the oryginal drafts of the manuscripts.  Dr. Pollard oftered
hetptul advice on various phases of the ficld program, revisions to the texts, and
helped in the tormulation of conclusions trom the raw data. Moreover, his help in
arranging cquipment and tunding and support in the field made much of the research
possible. His tole thus remained that ot thesis adviser.

Each manuscript presents conclusions relating to the focus of that paper that
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stand alone and will not be repeated. Because the general subject of the papers is
. similar, several conclusions can be drawn from the three works. These are discussed

in a separate chapter.
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CHAPTER 1: INTRODUCTION AND BACKGROUND TO THE STUDY

1.1 GENERAL STATEMENT

Permatrost is detied as ground (soil or rock) that remains at o1 below 0°C
for at least two years (Permatrost Subcomnuttee 1988). This 1s o recent arca of
research and has only been considered a separate ticld ot study sinee the fate 19400
The term "permatrost” was proposed by Mulier (1943, P.3) as a convement short
form for the phrase "permanently trozen ground'.

Permatrost is a thermal condition ifluencing approsxmately 20-22¢ of the
earth’s land surface, including 50% ot Canada and the USSR and up to 80¢¢ of
Alaska. In Canada, the permatiost region s divided into 4 zones based on s
location and distribution: (1) continuous, (2) discontinuous, (3) alpme and (4)
submarine permafrost (Brown 1978).

In North America, constderable research has been carned out on vanous
continuous permafrost phenomena such as pmgos and 1ce wedges; however, the
landforms of the discontinuous permatrost zone have genesally receved  less
attention. The peatland arcas of Canada cover up to 2,000,000 km’ and overtap a
great deal with the discontinuous permatiost zone. A consequence of this s the
development ol a series of umque peaty surface features tangmg from small
hummocks to palsas and peat plateaus.

The term palsa 15 derived from the Finnish word used to describe peat
hummocks 1n wetlands with a trozen core (Seppala 1988a). Contusion has arisen in
the literature concerning the defimtion of palsas and other types of trost mounds
A number of reviews have been published i recent years (e.g. Pissart 1985, Seppala
1988a; and Washburn 1983), however a disturbing aspect of these reviews s a fack
of consensus on the landtorm defined by the term palsa This discrepancy usually
revolves around the process-form relationship and the difterence between traditional
descriptive geomo-phology and modern process gecomorphology  The question, "what
defines a palsa, its torm or the process that led to this form?" is at the heart of this

controversy. In this study a palsa is "a peaty permatrost mound possessing alternating




layers of segregated ice and peat or mineral soil material” (Permafrost Subcommittee,
198K, p.00).

Palsas are often regarded as the most conspicuous and reliable surface
indicator of permafrost in the discontinuous zone; however, n recent years, tfeatures
resembling palsas have also been reported in the continuous permafrost zone
(Washburn 1983).  Palsas are not the only type of frost mound found in the
discontinuous permatrost zone. Recently, contusion between palsas and frost blisters
has caused controversy in the permafrost community.  Frost blisters are
morphologically similar but genetically ditferent trost mounds that can be mistaken
tor palsas unless detaled process or structural studies are undertaken.

Palsas are widely reported throughout most of the discontinuous permafrost
sone of Canada and extensively it western Quebec (Allard and Seguin 1987a;
Lagaree 1982). However, in only two instances have palsas been reported in  the
Schefterville area (Jahn 1986; Waterway ¢f al. 1984) but to date there has been no
detadded study ot their occurrence. A recent paper by Lagarec and Dewez (1990)
suggested that palsas are absent in this area. It follows theretfore, that there is an
immediate need for a study concerned with palsa occurrence in the interior of

Nouveau Quebece. This research project was conceived in response to this need.

1.2 STUDY OBJECTIVES

Palsas constitute an interesting but little studied permatrost phenomenon in
the central part of Northern Quebec. Thus the general objectives of this research
were to investigate the occurtence of palsas in the Schefferville area and to describe
their distribution, setting, surface and internal characteristics. An additional objective
wis to exanune seasonal vanation i external variables such as snow cover and air
temperature,  to develop a better understanding about aggradational and
degradational processes acting on palsas in this region.

Attention tocused upon four problems associated with palsa occurrence near
Schettervilte:

(1) Do palsas  posses typical geographic location and site-specific

9




characteristics?

(2) What is the range in palsa size, shape, morphology and vegetation cover?

(3) What s the range m nternal structure of palsas i this region and what
can be inferred trom brostratigraphic ditferences?

(4) What are the environmental conditions acting on palsas?

These problems are addressed m these manuseripts - Accordigly, the specitic
aims of paper one are to describe the morphology and sctung ot palsas in the
Scheffervilic area and to describe the near sutface chatacteristies of these palsas. As
peat is an essential constituent of palsa sttucture and the palsas studied e
composed primarily ot peat and organic silt, an attempt s made to relate the
vegetation cover and structure, mcludimg bostratigraphy, as aomeans ot internng palsa
evolution. A secondary aim of this paper 1s to exanune the ground e and thevmal
regimes of these palsas as an integral component of any process onented pernvitrost
study.

The primary aim ot the second paper 1s to develop a cryogenetic classification
of palsas using surface and subsurface data to categonze site-specific permatrost
conditions. Since thermal regime and surtace conditton of these palsas are strongly
aftected by winter conditions, a sccondary amm of this paper is to describe how winter
conditions can also play a role in then cryogenetic classification

The third paper focuses on the dynamie relationships between the thermal
regime of palsas and environmental tactors that dircctly affect seasonal temperature
patterns. The aims ot the third paper are: 1) to describe the spatial and temporal
variation 1n snow cover 1n a palsa ten and its mtluences on active layer development,
2) to document active layer development and relate it to proxy environmental data
collected at the Schetterville airport. Least squares regression  cquations are
developed to predict maximum active layer depths and are compared with results of
analytical equations and 3) to describe the internal temperature of palsas and relate
this to winter and summer conditions.  This paper attempts to provide a better
understanding of the annual variations i the thermal regime of discontinuous

permatrost by using palsas in the Schetterville area.
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1.3 APPROACH

This 15 primarily a tield investigation supported by limited laboratory and
emprrical analyses It follows therefore, that the research design and methodology
tocused on the collection of setting and process data that will help provide better
understanding of the factors influencing the distribution, formation and degradation
of palsas.

A number of standard tield techmques were used to collect data on the
physical and thermal characteristics of palsas.  Some ot these techniques are
described 1n the manuscripts presented o chapters 2 and 3, however the briet
discussion about techniques 1s presented here to emphasize the mtegrated nature ot
this project.

Imitially study sites were identitied trom aerial photographs. Using a limiting
radius of 35 km a total of 18 sites were identiticd. Subsequent field reconnaissance
identitied sixosites that could be readily accessed by either all terrain vehicle,
snowniobile or truck dependmg on conditions of nune roads.

Peat samples were obtamed using a CRREL permatrost corig kit or were cut
from the sides of the palsi using a saw.  The stratigraphic sequence of organic,
muneral and ce material provided detatled information on sequence and chronology
ol palsa tormation processes. These core samples were used to determine ice
content and type and biostratigraphic sequence. Core holes were instrumented with
multi-thernustor cables calibrated to 0.1°C as outhned m Judge (1973). Ground
thermal regime data s of utmost importance when studymg permatrost teatures as
the determunation ot permatrost is based on the grounds thermal condiion. A YSI
needle probe and Fluke multi-meter were used to obtam instantancous surtace peat
and snow temperatures which provided intormatron on ambient air temperatures and
rates of treesze and thaw of the palsas. A Mount Rose snow sampler was used to
measure snow depth and density which control to a great degree how winter
conditions aftect the thermal regime ot the palsas. Surface vegetation cover was

ve and condition

[

Al
based on tour T m~selected quadrats wmorder to deternune relatne a

of palsas. Plant maciotossil data were obtamed using the method described by Lowe
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and Walker (1984). These data provided information regarding chronology ot
vegetation colomzaticn ot the wetland surtace prior to palsa ivrmation Untiozen
peat depths in fens surrounding the palsas were obtamed with a 3 m o steel probe
pushed through the peat until muneral soll was reached. Active Fwver development
was monitored using a steel probe pushed into the surtace. This data helped to
identity permafrost bodies and quantity rates of thaw, Tree age was determmed by
removing a cross section of the tree just above the oot crown which was sanded and
examined under 10x magnihication. This determuned how long the wetland surtaee

was above the water table and thus the nummum age of the palsa.

1.4. STUDY AREA

The study area s situated in the Labrador Trough geologie structure that s
approximately 80 km wide and cuts through the Canadian Shield i i northwest-
southeast dircction from just south ot Schetterville, to Ungava Bay, a distance ol
roughiy 700 kim. The younger interbeded metamorphosed sedomeatary and voleanice
rocks of Proterozoic age were laid down m an arm of the Tyrell Sea which mundated
this area in Pre-Camonan time. Subsequent tolding and taulting ol the sedments has
given variable, often steep dips to the bedding planes wineh stitke predonnnantly
northwest-southeast, and have led to the tormation of numerous taults and fisswe
zones. These act as aquiters within the unfrozen bedrock  Leaching ol silicac by
groundwater and deposition ot mon compounds m solution locally enniched the mon
formations to high-grade ore. The bedrock 1s porous and poorly cemented in these
leached zones. A consequence of this process are the Liarge won deposits mined by
the Iron Ore Company of Canada from 1956 to 1981,

The Labrador-Ungava arca, with only minor exceptions, expericnced extensive
glaciations during the last 100,000 years and espeaally during the maximum of the
Wisconsinan glaciation, at about 18000 years B.P. (Ives, 1979). Some believe the iee
sheet grew trom a depression m the highlands of castern Labrador (Fhint, 1971),
however most researchers (Bryson ef al 1969, Tves, 1979) believe that this sector of

the Laurentide Ice Sheet was concentric, with a centre near Kivivie |ake, 40 km




north west of Schetferville. Moreover, 1t 1s thought that a remnant ice sheet persisted
well into the Holocene, and based on radio-carbon dates, disappeared approximately
6000 years B P There remains much confusion concerning the deglaciation of this
arca, as indicated by other dates for ce disappearance ranging from 16330 to 3830
years B.P. (Ives, 1079).

These glactations are mmportant for three reasons; (1) they modified the
existing landscape, (2) they exerted a hmiting time frame for soil development and
paludiication, and tor (3) permafrost aggradation mto the peatlands. One of the
most obvious landscape modifications was the rearrangement of drainage patterns.
Former niver valleys became choked with debris and new lakes tormed. Many large
melt-water channels are cut nto existing synclinal structures. This provided the
starting pomt for the present disorgamized drainage patterns which are also
charactenized by the widespread occurrence of peatlands. The overburden of glacial
till has fow permeability and 1s usually less than I m deep and otten absent at hugher
clevations.

The chimate of the Schefterville area 1s controlled by the Canadian high
pressure and the Ieelandie low pressure zones which produce a prevailing air flow
from the northwest which 1s particularly strong in winter. Wind speeds of 15-25 m
st are common in most winters.

Schelferville w.nters are more severe than most other areas at the same
latitude.  The coldest month 15 January with a mean monthly temperature often
below -22°C (Ingure 3.2.2) and extreme minimum temperatures of -45°C. Winters
months are usually accompamed by relatively high wind speeds. Summers are
characterized by cool, cloudy and rainy conditions, however hot air inclusions from
the southwest combmed with prolonged periods of dry sunny conditions produce
maximun summer temperatures exceedmg 30°C.

Snow tall s usually quite varable and ranges between 200-600 cm yr! (Figure
3.2.1b)  Snow cover s contimuous by early October and remains until May. By the
end of May the snow is usually gone in woodland areas, while in the more exposed

arcas snow is completely absent by the beginning of May. Mean annual rainfall is
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Maximum rainfall occurs in July and can exceed 100 mm.

Vegetation influences the amount of radiant energy absorbed or retlected by
the surface (during the snow free period). it also protects the underlying soil from the
effects of wind and reduces wind speed because of its hugher friction coetticient as
compared to bare soil. Vegetation also attects snow accumulation and the mowsture
exchange between the underlying soil and overlying boundary layer.

The Schetferville area can be considered to be an ccotone between boreal
forest and open tundra. Theretore, within this zone a wide range ot vegetation and
permaftrost conditions occur. The vegetation complex tound m any atea depends on
its topographic setting which strongly intluences exposure and mosture availability,
The landscape is dominated by open hichen woodland grading into hehen heath a
higher elevations and spruce-moss forest in the low wet arcas. Sedge meadows and
patterned fens occur frequently n the poorly dunned topographic lows, winde alpe
tundra covers the higher well-drained arcas.

There are two forest types in this area; spruce-teather moss torest and spruce-
lichen woodland. The spruce-teather moss forest have closed canopies and are tound
in moust relatively nutrient-rich sites. The domunant trees are black spruce (Prcea
mariana) and white spruce (P. glauca) often mixed with balsam ti (othies balsamea).
These forests have thick moss and shrub cover. The spruce-hichen woodlands have
an open canopy and are usually tound in drier nutrient-poor sites. Both black and
white spruce are common with larch (Laric laricina) often bemg the donunant
species. Shrubs are not as common as in the spruce-teather moss forest while the
ground cover usually consists of a thick cover ol cartbou lichen (Cladonia spp.).

A transition zone between the spruce-hchen woodland and the higher
elevation tundra zone usually consists of wind stunted trees and shrubs (krummholz)
which can be very thick. The tundra vegetation tound on the higher nidges of the
area consist of low lying wind stressed vegetation such as lichen and various
vaccinium species. '

Poorly drained areas with surfaces underlain by peat arc¢ found in most




topographic depressions of this arca. Their size ranges trom a tew m? to several km?.
Patterned tens (string bogs) are the most common varying trom minerotrophically
rich fens in arcas enriched trom runott from dolomite substrate to poor fens at other
sites. The strings are domimated with small Jarch, black spruce and ericaceous shrubs,
while the tlarks are dominated by sedges and mosses. Small sedge meadows without
patterns are also common and onginate {from inhilled lake basins. It is these sedge
meadows where palsas are usually found.

The sorls of the Labrador-Ungava are strongly intluenced by their glacial
ongm, with glacial ull being the most common substrate on which these soils develop.
The depth of overburden on the slopes varies, depending on dramage, aspect, and
angle of repose. The mineral soils vary trom coarse graimned sand and gravel,
assocrated with moramic and glaciotluvial deposits, to fine grained silt and clay
deposited an acustime and marme  environments.  Following  deposttion, soil
development has supenimposed pedological variation.

Most of the sotls m this areaare generally acid with low nutrient content, the
exception bemg in areas underlun by dolomite where the soils are much richer in
calerum and magnesium (Waterway ef al. 1984). Podzolization occurs mamly in freely
dramed soils while gleymg s dominant in wetter areas usually between the
topographic tughs where dramage 1s impeded. Since the trost table s at. or near, the
suttace tor much ot the year the soif s water logged tor much of the summer thus
gleymg s donmunant. When the trost table deepens or disappears, the podzolization
process becomes dominant in the same profile. Nicholson and Moore (1977) suggest
that the Schetterville sotls e an area of weakening importance of podzolization

and increasmg immportance of gleying.

1.4.1 STUDY SITES

A total of I8 palsa sites were wdentitied based on aerial photograph analysis
and 6 of these were mvestigated in the tield. At site 1, also called the Goodream
site, two palsas occur m a ten situated in a small valley lying between two till covered

bedrock nidges at an elevation of 718 m a.s.l.. Both palsas are bound on three sides
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by standing water ranging from <0.5 to >2.0 m decp. On the toutth side a thm
floating mat of peat occurs dominated by Carex spp and Sphagnuen spp.. The largest
palsa is 28.0 m long, 15.0 m wide and 1.1 m high (heights are measured relative to
the water table). It 1s oval-shaped with its long avis trending northeast-southwest and
appears to be degrading by block tailure along its western peameter, sinnlarn to those
described by Salmn (1968)  As well, patches of bare peat are exposed on the surtace
and large cracks up to 15 ¢n wide and 30 em deep traverse the entie palsa

At site 2, on the west side of Ferrmman nidge, (henee, reterred to as the
Ferriman site) one palsa occurs mn a ten at 750 m as.bon o topograplue setting
similar to the Goodream site.  This palsa 1s surrounded by a deep (=20 m) ‘moat’,
It is circular in plan shape with a diameter of 12.0 m and a height ot 07 m. The
presence of cracks, up to 10 cm wide 40 cm deep, traversing its entire subace along
with thermokarst depressions. indicates that this palsi s also degrading

Site 3, the Laroche palsa site, contains two oval palsas located moa ten m a
small valley at 661 m a.s.l. with a bedrock ridge on the cast and ull covered bedrock
on the west. The till surface 15 marked by non-sorted cireles The fen surroundimg
these palsas 1s dominated by Carex spp. vegetation with the water table located S ¢m
below the surface vegetation mat. A small pond (50 m m diameter) hies to the
northwest of the palsas. The largest palsa 15 587 m long (along a northwest-
southeast axis) and 21.6 m wide, with a height of 1O m.

The fourth site, referred to as the Newt site, contarns mine palsas ranging from
5.6 to 21.0 m 1n length, 2.4 to 12.0 m in width and 05-0 8 mn height The surtace
of the fen surrounding the palsas consists of a thm Carex spp and Sphagnum spp.
floating peat mat. This site 1s topographically ditferent from the previous sites
There is no definite valley, but rather gently sloping open lichen and feather moss
forests surrounding the peatland. There are no large open water bodies, only small
pools (2m?). The palsa studied is 17.4 m long. 8.0 m wide and 0.8 m high,

Sites 5 and 6 contain small permatiost peat mounds that constitute a4 nmmmum
expression acceptable to meet the detimtion of a palsa. At site 5, (site 2an paper 1)

three small palsas occurred in a minerotrophic fen situated in a setting similar to site
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1. This fen 1s drained by a small creek flowing to the southwest. One palsa was
examined with a length of 10 m. and a width of 4.5 m and a height of 0.77 m above
the water table. Water approximately 1.5 m deep surrounded the palsa on three
sides.  This palsa was approximately arcular in shape and appeared to be
geomorphologically stable as there was a continuous vegetation cover and no block
fallure was occurring.

Site 6 (site 3 in paper 1) contamed three "embryomic" palsas that were
completely surrounded by standing water > 1.5 m deep. This is a weakly
minerotrophic ten (Waterway et al. 1984) and 15 bound by a gentle slope covered by
lichen forest  Agam, only one feature is discussed. It was circular in shape with a
diameter of 1.5 m and a height of 0.59 m above the water table. The term embryonic
is used because this mound appears stable and at a threshold stage in palsa
development because no block fallure was evident and a continuous vegetation cover

was present.

1.5 PALSA LITERATURE
L.5.1 MORPHOLOGY AND STRUCTURE

Palsas are peaty permafrost mounds between 0.5-7.0 m high and less than 100
m in diameter. They can be dome-shaped or have flat profiles and are often
dissected by open cracks. The internal structure usually consists of alternating layers
ol segregated ice and peat or mineral soil (Lundgvist 1969; Permafrost Subcommittee,
1U88: Seppala 1972, 1988a; Thie 1974). However, there are those who feel peat is
not an essential constituent tor a palsa (eg. Jahn 1986; Pissart 1985). These features
have been mcorrectly termed mineral or minerogenic palsas; however, Lagarec’s
(1982) term mineral cryogenic mound is more acenrate in the genetic context. Allard
et al. (1987) suggest that these nuneral cryogenic mounds may be palsas whose
surtace peat has been removed by wind deflation or they are formed by other
processes dissimilar to those ot palsas.

Several rescarchers have classified palsas according to their morphology and

size (c.g. Jahn 1950: Pissart 1985). A commonly used classification (Pissart 1985)
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groups palsas into 5 different morphologic categories: 1) dome-shaped, cucula to
oval with heights ot 0.5-7 m and 15-150 m long, 2) string torm, clongated torms
running normal to slope with lengths 25-100 long and not exceeding 2 m o hewht,

3) esker or ndge form: elongated torms running parallel to slope with lengths S0-500

m and between 2-6 m in height, 4) palsa plateau: extensive features covenng areas
from a few hundred m to several km with heights between TO-15 mand S) palsa
complex; complicated shape covermg a signiticant area that appear to be an
amalgamation of many difterent palsas at varying stages of development i the same
peatland. These descriptive modifiers should not be used as specttic tvpes of palsas

but simply morphologic variations.

1.5.2 ORIGIN

The topic of palsa process or tormation s another arca of termmologieal
confusion. In Hart’s (1986) discussion of the theory and philosophy ot pure and
applied geomorphology he states "the study of present day processes s almost
certainly the most important single theme m modern gecomor phology for it hes at the
core of pure geomorphology.” (p.88). Seppala (1988a) emphasises the importance
of process with reference to palsa studies, he states " considerable confusion has
arisen because a number of students ... began to use this very specitic desceriptive
term (palsa) in a preconcerved genetic context.  This was of course a dangerous
procedure, since a necessary precondition for the use of genetic termmology s that
the genesis of both the classic palsa and the comparable {eature bemng examimed i
another region must be known." (p.249). Hence, there s support from both pencral
discussion about the philosophy of geomorphology and existing 1escarch that the
study of palsas should first and toremost be concerned with process and landiorm
origin.

Washburn (1983) presents a comprehensive summary of palsi chiaracteristics
derived in the literature. In this review he suggests two possible origins of palsas, 1)
aggradational forms due to permatrost aggradation at an active layer/permatrost

contact zone, and 2) degradationar forms which are due to disintegration of an
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extensive peaty deposit. This multigenetic description of palsas is not consistent with
Hart’s (1986) and Seppald’s (1988a) focus on process. That is, if a specific process
produces spectfic torm then two entirely different processes or mechanisms of
tormation should define two distinet forms. Whereas Washburn (1983) describes two
different processes that can result in one form.

This 15 not the only debate on palsa origin. The following summarizes various
descriptions of palsas to shed further hght on the terminology problem.

Akerman and Malstrom (1986) describe various types of mounds in northern
Sweden that have been labelled palsas. Included are mounds that are composed of
mmeral soil and 1ce, and lacking a surtace peat layer, labelled mineral palsas. Other
mounds that appear to be degrading pingos have also been labelled palsas. Some of
the features that have been labelled palsas have nternal cores of injection 1ce and
secondary favers of segregated 1ce. The presence of injection ice suggests that these
features are similar to the frost bhister described by Pollard and French (1983) and
Pollard (1988) and Van Everdingen (1982). In another paper, Jahn (1986) suggests
that palsas may result from both aggradation and degradation of permafrost. In the
latter, melting of ground 1ce causes thermokarst and where the 1ce has not melted a
mounds remins. These positive rehet forms were labelled palsas. Seppila (1988b)
desenibed two types of trozen peat mounds in the northern Ungava region of Quebec.
The tirst tvpe was tormed when a creek eroded a peat deposit leaving islands of
ayposed peat. The second type of mound was the result of melting ice wedges
leaving ngh isolated centred polygons. One of the main goals of the Seppéléd paper
wis 10 shor that these mounds were not palsas, since their origin did not fit the
“classical palsa”

Brown (1980) described "incipient palsas” in north central Alberta that consist
of domes [5-30 ¢cm thigh, 3-8 m in diameter and have a core of permafrost. These
features were covered with dead sedges similar to the type found living 1n the
surrounding fen. Since no information was given on the internal structure, it can not
be deternmuned if these are indeed palsas. However, if the posiave relief is the result

ot segregated ice fenses then it s possible that these were newly forming or aggrading
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palsas.
1.5.3 INTERNAL STRUCTURE

This introduces the importance of the investigation of the internal structure
in the identification of palsas and other frost mounds. Outealt and Nelson (1984)
suggest that in the absence of stratigraphic information, a specitic mound's onigin may
be difficult to determine. In situations where the internal structure was known to
include injection ice the authors labelled the mounds as palsas stoetly on the basts
of duration and shape. Similarly, mounds in the Brooks Range of Alaskha contaming
free water and massive ice cores were reported as palsas by Brown ez al. (1983) On
the basis of origin, these mounds probably should not be considered palsas but a type
of seasonal frost mound termed frost blister (Pollard, 1988). From these examples
we can see that without direct observation of formation or stratigraphy one can not
assign the mound origin and thus should not use the specific term palsa, but rather
use the more generic term, frost mound.

In general, the internal structure of a palsa usually includes layers of peat and
mineral soil interbedded with segregated ice lenses, ice crystals and pore we. The
formation of various forms ot 1ce give the palsa its vertical displacement above the
surrounding peatland (Allard, er al. 1987, Lundqvist, 1969, Seppala, 1986, 1972, Zolta
and Tarnocai, 1971). For example, Allard and Scguin (1987a) present shallow
profiles of four palsas from the eastern coast of Hudson Bay where no ice was
documented in the peat, however, large ice lenses up to 100 mm thick and retculate
ice veins 2-4 mm thick were found in alluvial silt and sand immediately below the
peat layer. In another study, Kershaw and Gul (1979) cored several palsas i the
Macmillian Pass area of the NWT. In this case, 1ce lenses were very common i the
surface peat layer, some being as large as 25 cm thick and 55 cm long but no 1ce was
documented in the underlying mineral soil  Zoltar (1972) cored several palsas in
central Manitoba and Saskatchewan in which thin ice lenses (< 1 em thick) were
found in the peat with larger lenses (2 10 cm thick) in the fine gramed mineral soil
beneath the peat. Lagerback and Rodhe (1986) describe palsas in northern Sweden,

where a variety of ice types were found in the underlying mineral sl However, 1in
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only one of these palsa was ice lenses found in the peat layer.

These examples highlight some of the variations in cryotic structure of palsas
but the majority and thickest 1ce lenses are tound at the peat-mineral soil interface
or entirely within the mineral soil. Ice lenses are generally thin or completely absent
from the peat. The reason for this may be the change in the slope of the thermal
gradient with depth during freezing.  In the uppermost peat layers the thermal
gradient 1s quite steep. As the thermal wave penetrates the palsa it becomes
attenuated with depth. Thus, the thermal gradient becomes less steep. When the
thermal gradient 1s gentle, unfrozen water migrates to the freezing front, accumulates
in layers normal to the direction of heat flow and freezes to torm an ice lens. Thus,
to a large extent the location, distribution and size of ice lenses depends on the
relattonship between the treezing rate (air temperature) and properties of the surface

peat and soil moisture content.

1.54 VEGETATION COVER

Seppala (1988a) provides a general summary of the vegetation associations
commonly found on palsas. From an ecological point of view, palsas are raised dry
peat slands m an otherwise tlat ten dominated by hydrophilic vegetation and pools
of open water. Fens are normally characterized by seasonal frost, one reason for this
is the presence of a vegetation cover that tends to trap winter snow and thus insulates
the ground from extreme cold temperatures. By contrast, palsas have raised surfaces
which duc to then greater exposure, have little or no snow cover and therefore
expenience much cooler ground temperature conditions.  This situation 15 an
important tactor mantarming the permatrost core of the palsa. It also influences the
vegetation cover that normally develops on the palsa surface.

In general, vegetation on palsas 1s dominated by xerophilic mosses, lichens and
low shrubs (Allard and Seguin, 1987a; Lundqvist, 1969; Railton and Sparling, 1973).
Palsas in northern Manitoba and Saskatchewan usually have significant cover of Black
spruce and Larch (Thie 1974 Zoltar 1972; Zoltai and Tarnocai 1971). It has been

suggested by these authors that under these conditions permatrost forms because of
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thinner snow cover in the winter and shade conditions during the smamer. n most
other palsa regions, the lack of vegetation 1s given as the reason for thinner snow
cover in winter. This suggests that winds in northern Manitoba and Saskatchewan
play a less significant role. Zoltai and Tarnocai (1971) use vegetation associations to
classify two types of palsas: (1) Black spruce-feather moss type and (2) Black spruce-
Cladonia type. The latter has shorter and wider spaced trees and a thick ground
cover of Cladonia lichen.

Zoltai (1972) uses a similar scheme to classify tour stages of palsa
development: (1) young incipient palsas which have very ittle rehiet and include dense
Black spruce trees in a otherwise treeless fen, (2) young palsas which are < 20 ¢m
high and have open stands of black spruce with Labrador tea and leathet leat shrubs
with sporadic lichen ground cover, (3) mature palsas, similar to young palsas except
they are > 1 m high and (4) over mature palsas which are sinular to mature palsas
but also have thermokarst depressions and collapsing cdges.

Railton and Sparling (1973) 1n a study of the ecology ot palsas in northern
Ontario suggest that changes in fen vegetation from hydrophilic sedges (e.g. Carev)
to a less hydrophilic moss (e.g. Sphagnum fuscum) to lichen 1s one of the mam causes
of palsa growth. However, one could argue that this change i vegetation on the
palsa surface is a result of changing conditions brought about by palsa growth (heave)
rather than a cause of it. That is, atter intal heave has raised the peat above the
fen surface the moisture content of the surface peat s lowered. This decrease m
moisture content permits lichens and xerophthe mosses to colonize the palsa surface.
Lichen growth on the palsa surface results in a higher albedo which reduces heat
penetration and can induce continued growth m a positive feedback system. The
feedback system is enhanced by the lower thermal conductivity of the drier surface

peat.

1.5.5 AGE
Several ages of palsas have been reported. Allard and Seguin (1987a) suggests

that palsa inception on the east coast of Hudson Bay occurred around 1900-1200
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years B.P. This 1s based on a series of pollen diagrams and C'4 dates of peat samples
taken approximately 10 ¢em below the palsa surface. Based on air photo analysis,
Brown (1980) suggests that the palsas 1 west central Alberta may be less than 25
years old. Thie (1974) used dendrochronology ot buried trees found in palsas to
suggest an age of 600 years B.P. for palsa inception 1in northern Manitoba. Jahn
(19236) carried out C1* analysis on peat tound 70 ¢m below mound surface in the
Schetferville arca. He obtained a date of 3230 years B.P. which he believed
represents the age of the palsa. Kershaw and Gill (1979) dated volcanic ash found
in the palsas of Macrmilhan Pass to suggest an age of 1220 years B.P..

The dating of palsas 1s somewhat problematic as outlined by Vorren (1972),
Allard and Seguin (1987a) and Seppala (1988a). The problem lies in the sampling
for dating It s possible to sample material from any position within an organic layer
and 1o obtam a range of dates. However, to obtan an accurate C'* age of a palsa
the depth of the organie sample is crucial. Matenal from the base of the palsa
mdicates the peniod of imtial peat accumulation.  If this data 1s combined with dates
from other depths, then peat accumulation rates can be determined, but this does not
provide a date of palsa mception. The clearest indication of the age of palsas should
be obtamed by dating the transition layers between the uppermost hydrophilic and
lower most aerophihe peat. This indicates when the surface ecological conditions
changed tollowing initial heave of the fen surface. Because this peat has been raised
above the fen surtace it is dryer and plant species that can tolerate these conditions
will gradually colomze the palsa surface. Problems may arise when wind deflation,

ram-splash, thermokarst and block failure create an unconformity in the vegetation

protile.

1.5.6 PALSA EVOLUTION

The wide range in dates of palsas inception seems to introduce the concept
of sequential evolution of palsas. This has already been discussed above with
reference to palsas in central Mamitoba and Saskatchewan (Zoltai 1972). Allard and

Seguin (1987a) have documented aggrading or growing palsas in the same general
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area of degrading palsas. While Lundgvist (1969) tound both thawing and growing
palsas in the same ten n northern Sweden.

Seppili (1982) suggests a complete eycele of development from meeption to
collapse. The formation ot palsas begins when local snow cover s thin and winter
frost penetrates so deeply that it tails to thaw comipletely the toHowimg sammer and
thus, meeting the detinttion ot permatrost. During succcedmg winters, snow s still
thinner because of snow redistribution over a shightly riused arca Subsequent winter
freezing penetrates deeper and may cause heave due to ree fens development Fhe
peat surface becomes dryer and its thermal conductivity s 1educed  This reduces
summer active layer development. When the aggrading permatrost iecaches the basal
mineral soil, larger ice lenses may develop and under exce ptional conditions padsa cin
reach heights of 7-10 m. Degradation of the permatrost core s induced by numerous
process, including wind deflation of the palsa surtace and block tadure along its
edges. As these processes contmue, the horzontal and vertical dimensions ot the
palsa are reduced. Ultimately there 1s very little remammg to adentity the formes
position ot the palsa. From such arcas new palsas may reemerge after a new phase
of peat development and low snow years  In this progresston Seppala (1982) meludes
7 stages, from an open ten and embryo stages to young, mature, old collapsing, tully
thawed and tinally new palsa tormation.

It seems apparent that some sort of cyche progression does take place. How
close this follows Seppala’ model can only be assessed after long term process

studies are completed.

1.5.7 THERMAL REGIMES

The presence or absence of palsas, and thus permatrost, depends on the
temperature of the ground. There is limited annual thermal regime datac tor palsas.
Allard er al. (1987b) documented the thermal regime of a palsa near Kuujjuarapik
on the east coat ot Hudson Bay. Here 1t was tound that the mean soil temperature
was -4.5°C. The uppermost peat temperatures had a temperature amphtude of 32°C

(-22 to 10°C) while below 150 em the soil was always colder than the freezing pomt
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and did not drop below -8°C. Lundgwist and Mattsson (1965) document the annual
thermal regime of a palsa i northwestern Norway. In this study, the upper most
peat had an annual temperature amphitude of 26°C (-16 to 10°C) while at a depth of
4m below the surface only vaned 0.5°C around -1°C isotherm.  In a recent paper,
Sceppala (1990) noted that permafrost can occur during specific winters where snow
depth s 30 cm or less in February. Under those conditions up to 70 cm of frost can

form which is enough to allow an ice lens to remain throughout the summer.

1.5.8 CLIMATIC CONTROLS

A charactenistic ot the discontinuous permafrost zone is the localized
formation of slands of permafrost where frost penetration is sufficiently deep to
prevent complete ground thaw during the subsequent summer. This 15 the result of
a combimation of cold winter temperatures, thin snow cover (on palsa surface) and
the thermal properties of the soil By studying the discontiniuous permafrost zone we
may develop a better understanding ot the variables in the physical environment that
may be sensitive to chimate change. Since features such as palsas can be in a delicate
thermal balance, their formation, presence and degradation may be used as an
mdication of past and present chimatic environments (Brown, 1980). In fact, palsas
are often regarded as one of the best and most conspicuous indicators of permafrost
m the discontinuous permatrost zone (Akerman and Malstrom, 1986). In this zone
palsas are »lands of permatrost i an otherwise permatrost tree region.

Table 15,1 gives some mean annual temperatures (MAT) that have been cited
in assoctated with palsas. Clearly, palsas are located in the discontinuous permafrost
zone whose boundaries has been related to areas with mean annual temperatures of
0 to -5°C (Brown and Péwdé, 1973). Mcan annual temperature is not the only climatic
charactenistic of palsa regrons  Lundqvist (1962) described  palsa distribution in areas
with 200-210 days baow 0°C. Ashman (1977) delimited palsa regions as areas having
temperatures below -8°C tor 120 days.  Ashman (1977) also described summer
condions where the mean air temperatures in the summer months was +11 to

+12°C. Precipitation has also been used to describe palsa regions. Ashman (1977)
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again described annual precipitation in Norway rangimg trom 325-400 mm, the
majority of which occurs during mid to late summer. While m winter months
precipitation s less than 100 mm. Raiton and Spathng (1973) delimited palsa
regions as areas with less than 120 cm ot snowtall. Harrs (1982) detined "active
palsa zones" using freezing and thawing indices. The treezimg indes tot palsa areas

ranged trom 1000-7500 degree-days annually, with 300-2300 thawmg degree-days

annually.
MAT’C | REGION SOURCY:
-5, -6 eastern Hudson Bay Allard & Segum 19874
-7 Brooks Range, Alaska Brown. et al 1983
0 west central Alberta Brown 1980
-1 Enontekio Finnish Lapland Seppala 1976
-0.5 central Manitoba & Saskatchewan Zoltan 1972
-1.2 northern Manitoba Zoltar and Tamocar 1971
-4.5 Richman, northern Quebec Hemn 1976
-2,-3 Norway Ashman 1967
-4,-4.5 James Bay, Quebec Dionne 1978
-2,-3 Athn, British Columbia Seppala 1980
-1.9 Iceland Freidman er al. 1971

Table 1.5.1. Mean annual temperature of regions where palsas have beendentifed.

It 15 clear that a variety ot delimited tactors have and are being used 1o
characterized palsa regions. However, to that end, it s quite apparent that broad
generalizations can be made but much more empirical and theoretical research

should be carried out to better dehmit the critical factors that atfect the growth and

decay of palsas.
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CHAPTER 2: RESULTS-PALSA MORPHOLOGY AND STRUCTURE

2.1 BACKGROUND TO PAPER ONE

This chapter presents the findings from two papers concerned with palsas in
the Schefferville area. The first paper discusses three palsa sites, one of which was
included in future study (Goodream palsa). The research focused on size, setting,
morphology, summer ground temperatures and soil moisture content, near surface
biotic and cryotic structure of the palsas and snow distribution 1n the major vegetation
zones of the area. This paper provides an introduction to palsas m this area by
discussing readily observable characteristics of these phenomena and, identifies work
needed, some of which 1s addressed n the papers two and three.

This paper represents approximately 10% of the held work carried m this
study. The results presented are considered valid; however, following more intensive
field work the classification of the palsa at site three seems less sound. It was first
thought that the small palsa at site three was "embryonic”.  However by comparing
this site to others in the area this conclusion has to be reworked.

The vegetation species on the surface of the palsa represent a relatively dry
environment. The presence of a small shrub (Betda) indicates that this surface has
been above the water table tor a sufhicient period of time to allow relatively
xerophihe species to colomze the peat surface. Analyses of the 1948 and 1977 air
photos showed that the three palsas that are currently visible were part of a single
luger palso. It appears that at some time following 1948, degradation of the
peimatrost core was mittated. Thermokarst hollows and block tailure eroded much
of this feature. This resulted m the three small features that were evident in 1987,

Thus, the small mounds at site three are degrading rather than embryonic palsas.
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2.2 CUMMINGS, CEE AND POLLARD, W.H 1989. AN INVESTIGATIONS OF
PALSAS IN THE SCHEFFERVILLE AREA, QUEBEC. MUSK OX, SPECIAL
ISSUE 37. PROCEEDINGS OF THE SECOND ANNUAL STUDENT
CONFERENCE ON NORTHERN STUDIES, OTTAWA, NOVEMBER 1988. PP. 8-
18.

2.2.1 INTRODUCTION

Palsas are widely reported throughout most of the discontinuous permatrost
zone of Canada (e.g. Brown 1968, 1975; Kershaw and Gill 1979; Railton and Sparhng
1973; Thie 1971: Zoltai 1972; Zoltai and Tarnocai 1971). There s, however, only a
limited body of literature referring to palsas in the Labrador-Ungaviacarea (e.g. Allard
and Seguin [987; Allard er al. 1987). This probably reflects a fack of speaitic rescarch
rather than an absence of these landforms. Palsa teatures have been identitied near
Cartwright, on the east coast ot Labrador (Brown 1975) and on the cast coast of
Hudson Bay (Lagarec 1982). More recently, Seppala ( 1988) documented rock pingos
in northern Quebec near Asbestos Hill.  While these reports are by no means
inclusive, they do suggest that a variety of trost mounds, including palsas, are present
in Labrador-Ungava.

The term palsa 15 a Fennoscandian word meaning mound or hillock rising out
of a bog with a frozen core (Seppitla 1972). There 1s confusion i the Literature
between palsas and other frost mound phenomena (e.g. trost blisters). In many cases
descriptive qualitiers have been combined with the term palsa to defime a wide vaniety
of morphologically similar landtorms, for example, "clongated and string form”,
"longitudinal”, and "conical" palsas (Akerman and Malstrom 1986, Ashman 1976,
Wrammer 1972). Furthermore, there have been an increased number of reports
describing palsas characterized by frozen muneral-soil cores rather than trozen peat
exclusively (Akerman 1982, Forsgren 1968, Lagerback and Raodhe 1986)

Palsas are a slow-growing form of perenmal frost mound that ocew
predominantly within the discontinuous permatrost zone. However, Washburn (1983)
has described perennial trost mounds that resemble palsas i the continuous

permafrost zone. Palsa fo.mation requires three factors: (1) a thick insulating layer
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of peat, (2) cold winter temperatures combined with a thin snow cover, and (3)
standing water to provide moisture for ice segregation. The dynamics of palsa
tormation are sull uncertain; however, most researchers suggest that ice segregation
1s the dominant process responsible for their growth, (e.g. Akerman 1982; Brown
1973; Seppala 1972, 1982, Zoltar and Tarnocar 1971). Once elevated above the
surrounding terrain, the surface peat of a developing palsa becomes drier and
insulates a portion of the underlying frozen maternial trom complete summer thaw.
This progressive rise in elevation increases exposure of the mound surtace to winter
winds which reduce the thickness of snow cover. Many researchers (e.g. Nicholson
1976, Outcalt and Nelson 1984; Seppala 1972) have suggested that reduction in snow
cover 15 a4 major tactor influencing the distribution of permafrost 1n the discontinuous
permafrost zone  In many cases palsas and peat plateaus form islands of sporadic

permatrost m a dominantly permatrost-free environment.

Palsas are often regarded as one of the most obvious and reliable surface
indicators of permatiost in the discontinuous zone (Brown 1973, Rapp and Annersten
1969).  This discussion focuses on a number of palsas in the Schefferville area and

the use of palsa distitbution to describe site-specific permafrost conditions.

2.2.2 STUDY AREA
Schetterville s located at 54° 5(PN, 66° 40°W, approximately 525 km north of

Sept-Hes (Frgure 2.2.1). Ttis situated in the Labrador Trough, which is characterized
by a strong ridge and valley topography aligned 1n a northwest-southeast direction.
Peatlands are found m many topographic depressions of the Labrador-Ungava region.
The Schetterville area was overridden by a thick ice sheet during the last 100,000
veats. This was particularly true during the maximum ot the Wisconsian glaciation
about 18000 vears B.P (Ives 1979). Most researchers (Bryson er al 1969; Ives 1979)
behieve that the castern centre of Laurentide wce was over Kivivie Lake, 40 km
notthwest ot Schetterville. Radiocarbon dating suggest itiation ot peatlands
appronmately 6000 years B.P. (Grayson 1957).

The mean annual an temperature for Schefterville is -4.9°C with a maximum
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mean annual temperature of -2.7°C and a minimum mean annual temperature of -
7.9°C, (personal communication, D. Barr, McGill Subarctic Research Station). Brown
(1973) states that n areas bounded by the -1 and -4°C mean annual isotherm,
permatrost s restricted to the dnier portions of peatlands. However, in the
Schetferville area the ridges are the areas where permafrost 1s most widespread
(Nicholson, 1979).

Studies nvestigating snow conditions for four areas characterised by distinct
vegetation associations found that in the Schefferville area, including; (1) lichen
forest, (2) open peatland, (3) peatland-hchen forest transition and (4) spruce bog,
have shown that open peatiands have the lowest average snow depth (24.6 cm,
Higure (2.2.2). This s well below the critical snow depths of 76 ¢m and 50 cm

needed for permatrost formation suggested by Nicholson (1976) and Harris (1982),

respectively.

2.2.3 STUDY SITES AND METHODOLOGY

The three palsa sites were located in the immediate vicinity of Schefferville
(Figure 2.2.1). Site | was 250 m northeast of Goodream Lake (NTS map 23J/14,
reference 202 ¥81), site 2 was 325 m south ot Hematite Lake (NTS map 231/14,
reference 266 803) and site 3 was 2 km west of Lake Militiere (NTS map 23J/14,
reference 249 941).

Freld work was undertakzen in June and September, 1987.  Ground
temperatures were obtained using thermistor cables (Yellow Springs Instruments
44033 thermistor beads calibrated to 0.1°C). Cable construction is outlined in Judge
(1973)  As well, a Yellow Springs Instruments needle-probe and multimeter were
used to obtaan instantaneous temperatures during excavations.  Active layer
measurements were carried out using a 1.5 msteel probe. The laboratory component
tocused on analysis of monsture contents and macrotossils of peat samples obtained
by shallow excavations.  The macrofossil data was obtained using the method

descuibed by Lowe and Walker (1984).
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Figure 2.2.2. Snow course data for Schefferville, 1986-87: OLI) open lichen forest;
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spruce bog; PSD) snow drift site. Open peatland has a thinner snow cover and period
of snow accumulation.
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2.2.4 OBSERVATIONS
The tollowing discussion summarizes the setting and morphology, vegetation
characteristics, internal structure, shallow ground thermal regimes and moisture

contents of the palsas.

2.2.4.1 Sctting and morphology

All three palsa sites are located within a 23 km radius of Schefferville Quebec.
The palsas occur in peatlands within the tundra-forest ecotone. At site 1, two palsas
occur within a minerotrophic fen (Waterway et al. 1984) situated in a small valley
located between two major dramnage divides. This ten is drained by a small creek
flowing to the southwest. Both palsas are surrounded by water ranging from <0.5
to >2 m deep. The largest palsa has a length of 28 m, and a width of 15 m and was
0.78 m above the water table (Figure 2.2.3). This oval-shaped palsa (long axis
trending northeast southwest) 1s experiencing block failure along its perimeter (Figure
2.2.4). As welll there are patches of bare peat exposed on its surface. In theory
these patches alter the radiation balance through the reduction of albedo (Petzold
and Renez 1975) and result in increased absorption of solar radiation and therefore
increased thawing of the permatrost core.

At site 2, three small palsas oceur in a minerotrophic ten situated in a setting
similar to site 1. This ten s dramed by a small creek tiowing to the southwest. The
palsi exanuned has a length of 10 m, a width of 4.5 m and a height of 0.77 m above
the water table (Figure 2.2.5)  Water approximately 1.5 m deep surrounds this palsa
on three sides. This palsa is roughly circular in plan shape and appears to be
geomot phologreally stable since there 1s a continuous vegetation cover and no block
tanlure was occurring.

Sute 3 contans three "embryonic” palsas that are completely surrounded by
standing water > LS m deep. This 1s a weakly minerotrophic fen (Waterway et al.
1984) and 1s surrounded by a gently sloping lichen forest. One feature is discussed,

it is circular i shape with a diameter of 1.5 m and a height of 0.59 m above the
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Figure 2.2.3. Large palsa, site 1.
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Figure 2.2.4. Block failure along perimeter of large palsa, site 1.
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water table (Figure 2.2.6). The term embryonic is used because these mounds appear
stable and at a threshold stage i palsa development, as no block tatlure was evident
and a continuous vegetation cover is present. The presence ot a permafrost core
could not be confirmed within the time frame of this study. However, a permairost
core was documented in previous years (personal communication with D. Desrochers,

McGill University)

2.2.4.2 Vegetation characteristics:

Since peat is an essential constituent of palsa structure and the palsas studied
are composed primarily of peat and organic silt, an attempt was made to relate the
surface vegetation cover and biostratigraphy, as a means of interring palsa evolution.

An inventory of vegetation growing on the palsas and stratigraphic analysis of
macrofossils identified in peat samples was undertaken. No dates have been obtained
for the organic samples; however, by noting the abundance of cach species at depth,
a relative colonization sequence can be developed. The term macrotossil refers to
identifiable fossils preserved in sediment (Birks and Birks, 1980). Macrofossils are
used in this study rather than pollen because the latter is easily transported over long
distances by wind and water and thus, reflect the local environment.  Peat
macrofossils are usually found in sine, and therefore are rehable indicators of site-
specific environmental conditions (Vorren and Vorren 1976).

Lichens and ericaceous shrubs constitute 80% ot the surtace cover of the
palsa at site 1 (Table 2.2.1). As well, bryophytes indicative ot drier conditions (c.g.
Sphagnum fuscum) are also present. This suggests that this palsa has remained above
the water table for a period sufficient to permit the colonization and development of
xerophilic species. Species indicative of hydrophilic environments such as Carex and
Scirpus which are found immediately below the surface, suggesting a much wetter
environment. Wet arctic and alpine species such as Sphagnum girgensohnii (Crum
and Anderson 1981) and hydrophilic species such Carex are encountered at a depth

of 25 cm. The presence of a permafrost core undoubtedly plays a major role in
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Species Percent of Depth below
identifiable sample surface (cm)

Cladonia rangiferina 70 0
Ledum groenlandicum 5 0
Betula michauxii 5 0
Dicranum scoparium 5 0
D leioneuron 5 0
Scirpus spp. 45 15
Carex spp. 45 15
Polytrictum spp. 5 15
Sphagnum fuscum 5 15
Sphagnum girgensohnii 40 25
S ceoillifolium 40 25
Carex spp. 10 25
Scirpus spp. 10 25
Carex spp. 90 35
Drepanocladus exannu- 10 35
larus

Carex spp. 95 45-55
Drepanocladus spp. 5 45-55
Fontinalis spp. 100 65

Table 2.2.1. Surtace and Subsurface macrofossils, site 1.
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Figure 2.2.5. Palsa site 2.
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Figure 2.2.6. Three embryonic palsas, site 3.
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Species percent of Depth below
identifiable sample surface (cm)

Cladonia spp. 100 0
Carex spp. 45 10
Scirpus spp. 40 10
Bertula spp. 10 10
Kalmia spp. 5 10
Carex spp. 85 20
Sphagnum riparium 15 20
Carex spp. 100 30
Carex spp. 70 40-60
Drepanocladus exannu- 20 40-60
latus
D fluitans 10 40-60)

Table 2.2.2. Surface and subsurface macrofossils, site 2.

determining which species colonize this environment.  As expected, hydrophilic
species, such as Drepanocladus exannulatus and Fontinalis, arc found mn the deeper
sections of the palsa at site 1. This vegetation grouping reflects a wetter environment
before any significant vertical displacement assoctated when palsa growth took place.

The surface of the palsa at site 2 has a thick lichen cover and cericaceous
shrubs are absent (Table 2.2.2). This suggests that the palsa surface has been
elevated above the water table for a substantial penod of time, as hchens usually do
not colonize extreme hydrophilic environments.  Below the suitace are both
minerotrophic and weak minerotrophic (e.g. Drepanocladus  exannudatis and

Sphagnum riparium respectively) indicator species (Table 2.2.2). This suggests a
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Species Percent of Depth below
identitrable sample surface (cm)
Sphagnum girginsohnii 80 0
Carex spp. 20 0
Bewda spp. 1 plant 0
Carex spp. 70 10
Scirpus spp. 20 10
Drepanocladus exannu- 10 10
latus |
Carev spp. 60 20
Sphagnan nparian 20 20
S subsecandum 15 20
Drepanocladus var kn- 5 20
eiffit
Sphagniom: fonbriatum 80 30
Cuarex spp. 20 30
able 2.2.3. Surface and subsurface macrofossils, site 3.

pertod ot tapid heave which rased the peat surface from below the water table to
a consuderably drier environment.

Sutface species on the embryonic palsa at site 3 suggest a wet arctic and
alpine environment that can also support shrub growtt (Figure 2.2.3). as displayed
by the presence ot Sphagnum girgensohnii and Betula spp. (Crum and Anderson
1981).  Below the surtace are indicators of a wet minerotiophic environment.
Macrofossils of plants typical of saturated surfaces (e.g. Carex and Sphagnum

riparium) were found m the deeper portions of this palsa.
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2.2.4.3. Near-surface internal structure:

The near-surface stratigraphic charactenistics of the palsas described in thus
study are based on a series of shallow manually excavated sections into cach palsa
(Figure 2.2.7). During excavations water filled the pits making deeper investigation
impossible, hence only near surface references are made  The peat in this area s
approximately 3 m deep (personal communication A. Heyes, McGuill University). All
three palsas are composed mainly of tresh peat underkim by decomposed peat and
organic-rich silt was found only at considerable depth. Fragments of wood (6 cmn
length) were preserved within the frozen peat at sites 1 and 2. At sttes | and 3
approximately 50 cm of thawed fibrous peat were documented. At site 1, the peat
is underlain by 20 cm of 1ce-rich humic peat contaning thin horizontal ice vemns and
lenses. These range from 1-2 mm thick discontinuous veins to e lenses up to 2-3
cm thick. Below 70 ¢m the stratigraphy s characterized by frozen orgame-rich silt
with reticulate ice veins. At site 2, the stratigraphic sequence 1s charactesized by 0
cm of thawed peat underlain by nearly 10 cm of massive frozen peat with pore ace
and visible ice crystals. This layer s underlaun by 10 cm of orgamce-tich st contanimg
horizontal 1ce lenses and reticulate ice vemns.  Site 3 has a zone ol ey peat and
organic-rich silt 5-7 c¢m thick beneath a layer of thawed peat. The Jowest part of the
section at site 3 1s composed of a 5 cm thick zone of frozen peat and organic-rich silt
with pore ice and 1ce coatings on wood fragments.  All three palsas contiun a
gradational sequence from fresh fibrous peat near the surtace 1o black organic-rich
silt at depth. Ground 1ce occurred as 1ce fenses and reticulate 1ce vens up to 2-3 em
thick. The permafrost core contained pore 1ce and 1ce coatings through its entie

sequence.

2.2.4.4. Near surface ground thermal regime and moisture contents

The temperature and mouwsture content profiles are based on readmgs taken
between August 29 and September 3, 1987 (Figure 2.2.8). The maximum palsa soil
temperature recorded at this time was +8.6°C at a depth of 2 ¢m m the palsa at site

3 (September 3). The minimum temperature recorded was -1.9°C at 60 ¢m on
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September 2 1n the palsa at site 2. The upper 2 cm of peat at sites 1 and 3 were
cooler than the underlying 32 cm. This is probably due to the effect of ambient air
temperature in the upper-most peat layers; however, this effect became attenuated
below this point because of the insulating properties of peat and the short-term
nature of the temperature perturbation. Site 2 had a temperature difference of 7°C
trom the surface to 60 cm depth.

All three palsas studied are frozen below the water table throughout the study
period. The relationship between moisture content and therrnal regime is not clear.
Mossture content graphs for sites 1 and 2 display shght changes from the surface to
the trost table. However, below the frost table the moisture content for site 1
dropped from 89 to 72% (at depths of 48 cm to 64 ¢m) and increased from 75 to
91% (at depths of 46 cm to 51 cm) for site 2. These are considered to be a function

of moisture content variation during freezing and subsequent unfrozen water

movement following freczing.

2.2.5 CONCLUSION
Within a relatively small area near Schefferville three palsa sites were

identified. The settings of all palsas are in peatlands within geologically controlled
topographic depressions. These valleys create conditions ideally suited for palsa
development, including: (a) collection of cold air during winter (Tout 1964), (b)
lacustrie sediments deposited on valley floors that inhibit drainage thus enhancing
peat development and increase frost susceptibility (Brown 1973), and (¢) tunnel winds
parallel to valley walls (Tout 1964), thus reducing local snow thickness.

The three palsas appear to reflect three difterent stages of development: (1)
mature-degrading (site 1), (2) mature-stable (site 2), and (3) immature-embryonic
(site 3). The actual mechanics of aggradation and degradation were not investigated,
however, this does support the concept of cyclic palsa development put forth by
Seppala (1982). Further work 1s needed to confirm the suggested developmental
stages documented in this study.

The vegetation displays the successional changes of species that colonize the
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drier peat following heave of a developing palsa above the surrounding water table
(Vorren and Vorren 1976). Railton and Sparhng (1973) suggest that formation ot
palsas may depend on changes in albedo with species-dominance changes trom
Sphagnum spp. to Cladonia spp.. The lichen-dominant vegetation on the surtace of
palsas at sites 1 and 2 would appear to support this theory.  However, it could also
be argued that the change 1n vegetation 1s a direct censequence of changing moisture
conditions on the surface of palsas rather than a cause ot palsa development This
could occur as the palsas rose above the water table allowing the surfoce peat to
drain and moisture contents to decrease thus permutting colonization ol xerophilie
lichen species. However, this sequence has not been documented and s highly
speculative,

The thermal regime of the palsas demonstrates that the ambient aun
temperature quickly affects the temperature of the upper peat layers. These near-
surface responses are lagged and become less signiticant at greater depths. The
warmer ground temperatures are restricted to the uppermost peat layers throughout
the summer. This is the result of the lower thermal conductivity of the dryer upper-
most peat layer during summer (Farouk: 1981). These observations provide stiong
support for the premise that peat 1s an essential component of palsas particularly i

areas of discontinuous permafrost.

2.2.6 RECOMMENDATIONS FOR FUTURE WORK

The topographic setting in the Schefferville area 15 favourable for palsa
occurrence. More aerial photographic analyses and heldwork are needed within this
environment to quantitatively document setting requirements necded for palsa
formation and the se. 1tivity of palsas to subtle environmental changes  This should
then be followed by detailed investigation of peatlands 1n the arca to further
document permafrost distribution (in the form of palsas) m the discontinuous
permafrost zone. With increasing concern over chmate warming due to mcreases i
greenhouse gasses, palsas may prove to be usetul indicators of chmate change  Thus,

a greater understanding of their current distnibution should be documented.
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There are very few reports on the age of palsas in the hterature (e.g. Ashman
1967, Salmi 1972; Vorren and Vorren 1976). Radiocarbon dates of materials found
within palsas do not mdicate the age of the palsa itself, rather, they identify the age
of the peat at that particular level. The clearest indication of palsa age can be
obtained by dating the transition layers between the lowermost hydrophillic and upper
most xerophine peat.  This transition zone can be identified using macrofossil
assemolages which display  site-specific hydrologic conditions through indicator
species. Hence, a knowledge of macrofossil assemblages is needed before accurate
dating of palsas can be carried out. This type of data will also yield relative values
on amount and rates of vertical displacement and peat accumulation under different
moisture regrmes.

Gold and [Lachenbruch (1973) state that the seasonal range in thermal
conductivity of peat 15 an important parameter of permafrost development in the
discontinuous permafrost zone. However, very little work has been carried out
measuring  actual thermal conductivities of peat at different depths in palsas.
Therefore, detailed profiles of thermal properties of the peat and mineral soil in
palsas should be carried out.

Snow density and depths have been recognized as playing an important role
in palsa formation. However, no detailed snow thickness data have been published
with regard to palsa occurrence. These data would increase the knowledge of winter
thermal fluxes between the atmosphere and palsa sarface, and help document the

influence of snow thickness on palsa growth and cecay.
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2.3. BACKGROUND TO PAPER TWO

The second paper "Cryogenetic categorization of peat and minetal cored
palsas of the Schefferville area", is based on field work carried out in February and
from April to September, 1989. This paper presents the main body of field rescarch
undertaken in this research project. The primary objective of this rescarch was to
categorize stages of palsa development using a cryogenetic scheme based on tield
observations and air photo analyses.

The data presented in this paper focuses on surface vegetation cover, peat
depths on and off the palsas, detailed core logs and the analysis of the relation
between snow depth and ground/snow interface temperature. The main concluston
of this paper is that both stable and degrading palsas can be found in the same
general area.

Although similar conclusions are made in the first paper, a ditferent emphass
is used in paper two. Here the terms mature, immature and embryonic ae 1eplaced
by aggrading, stable and degrading. It is felt that these terms better desceribe the
permafrost conditions and therefore provide a more usctul framework for
categorization. The terms mature, immature and embryonic incorrectly suggest a
relative age or sequential development between stages. This, 1n fact, may not be the
case, as climatic conditions may intervene at any point in a palsas development and
interrupt the natural cycle.

The presence of palsas at different stages of development i one area is
discussed in both papers, however these ideas are much better defined in the second.
The embryonic palsas described in paper one are dropped from the study and
replaced by a similar stage of feature observed at a new site (Newf site).

At the Newf site, the largest palsa Is categorized as stable but also found in
this fen are features that suggest that both aggradational and degradational forms are
present. In this case, the aggradational torms are small up-warpmgs in the fen
surface ranging from 1-10 m in length and up to 30 cm above the water table (Tagure

2.3.1a). They appear similar to features described by Allard ef al (1987) and Brown
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Figure 2.3.1.a Aggradational palsa at the Newf site. The palsa surface is covered with
dead or dying Carex and Scirpus. b Site of degraded palsa at the Newf site. July 1989.
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(1980). Of significance is the vegetation on the surface of these small mounds which
consists of dead sedges (Carex and Scirpus) similar to those found in the surtounding
wet fen areas. Allard er al. (1987) suggests that very small palsas ate a result of thin
snow cover; however, at the Newf site these features were covered with at least 0.8-
1.2 m of snow in 1989, but information from previous years 1s not available.

Also at the Newf site, 5 m from the aggrading palsa, 18 an area of wet
disrupted peat, healthy sedges, small tufts of Splragnum frescren, and dead Betuda
shrubs (Figure 2.3.1 b). This area is bordered by a discontinuous moat of standing
water. The presence of healthy sedges suggest that this area remains at or near the
water table for the entire summer period. The small tutts ot S. fuscion, distupted
peat and dead shrubs suggest that this area was raised above the water table for a
significant period in the recent past. It is postulated that this 1s the remnants of a
degraded palsa. Thus at the Newf site there appears to be aggrading, stable, and

degrading palsas as well as the remnants of former palsas.

24 PAPER TWO: CUMMINGS, C.E. AND POLLARD, W.H., 1990. CRYOGENETIC
CATEGORIZATION OF PEAT AND MINERAL CORED PALSAS IN THE
SCHEFFERVILLE AREA, QUEBEC. PERMAFROST-CANADA. PROCEEDINGS
OF THE FIFTH CANADIAN PERMAFROST CONFERENCE. NORDICANA
COLLECTION NO. 54. LAVAL, CANADA 95-102.

24.1 INTRODUCTION

Palsas are a common permafrost landform occurring throughout most of the
Canadian subarctic (e.g. Brown 1968, 1975; Kershaw and Gill 1979; Railton and
Sparling 1973; Zoltai and Tarnocai 1971). Sevceral studies on coastal Labrador-
Ungava have been concerned with palsas (e.g. Allard and Seguin 1987a, 1987h;
Brown 1975; Dionne 1984; and Lagarec 1982), but very hittle work has been published
concerning palsas in the central Labrador-Ungava region (Cummngs and Pollard
1989). This paper presents observations on surficial and internal characteristics of

palsas occurring at four locations in the Schetterville area of Quebec and Labrador.
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2.4.2. BACKGROUND
The term palsa is a Fennoscandian word referring to a mound or hillock with

a frozen core found 1n a bog or fen (Seppild 1972). But in the current North
American permafrost literature, palsas are defined as peaty permafrost mounds
possessing a core of alternating layers of segregated ice and peat or mineral soil
(Permafrost Subcommittee 1988). This is the definition adopted in this study.
Implicit in this defimtion s the genetic distinction between palsas and other types of
frost mounds. Contusion in the literature between palsas and other frost mound
phenomena has anisen from the descriptive approach to landform classification. The
current application of the term involves the use of descriptive modifiers within a
genetic context (e.g. peat palsa) to better define mound character. Reviews of the

palsa literature are provided by Washburn (1983) and Seppéléd (1988).

24.3. STUDY AREA
Schefierville is located at 54°S0°N, 66°40'W, approximately 525 km north of

Sept-lles (Figure 2.4.1). Itis situated in the Labrador Trough, which is characterized
by a strong ndge and valley topography aligned in a northwest-southeast direction.
Peatlands occupy many topographic depressions of the Labrador-Ungava region. In
the Schefferville area, fens occupy approximately 10-15% of the land surface
(Alhngton 1961) with many of these peatlands containing palsas. This area was
overridden by a thick 1ce sheet during the maximum of the Wisconsinan glaciation
about 18,000 years B.P. (Ives 1979). Most researchers (Bryson ef al. 1969; Ives 1979)
behieve that the castern centre of Laurentide 1ce was at the current location of Kivivic
Lake, 40 km northwest of Schetferville. Radiocarbon dating suggests initiation of
peatlands occurred approximately 6000 years B.P. (Grayson 1957).

The mean annual anr temperature for Schefferville is -4.9°C with a maximum
mean annual temperature of -2.7°C and a4 mimmum mean annual temperature of -
7.9°C. It has approximately 90 trost-free days and mean annual precipitation of 785
mm, ot which 378 mm 1s water equivalent of snow (personal communication, D. Barr,

McGill Subaretic Research Station). In the Schefferville area, mining operations have
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encountered permafrost to depths of 60 m beneath exposed tundra ridges (Ives 1960)
The aims of this study are threefold: 1) to document permafrost landforms in
the peatlands of the Schefferville area, 2) to describe surface and subsurface

characteristics of these palsas, and 3) to evaluate this information with reference to

cryogenetic classification.

2.44. METHODOLOGY

Field reconnaissance and aerial photograph interpretation led to the
identification of 18 palsa sites within a 35 km radius of Schefferville (Figure 2.4.1).
This paper focuses on tour sites that are accessible using the existing network of mine
roads. The results presented in this paper are based on field work 1 February, and
from April to September, 1989. Peat cores, used for analysis of stratigraphic
charactenistics, were obtained using a CRREL permafrost coring kit.  Vegetation
cover on each palsa is based on the analysis of four, 1 m? selected quadrates.
Unfrozen peat depths in the fens surrounding the palsas were obtained with a 3 m
steel probe. Tree age was determined by tree-ring analysis of a cross-section of the
tree taken just above the root crown. This was sanded and examined under 10x
magnification. Snow depths were obtained using a Mount Rose snow sampler. A
Yellow Springs Instruments needle probe was used to measure snow pit

temperatures.

2.4.5. SITE DESCRIPTION AND SURFACE MORPHOLOGY

At the Goodream site, two palsas occur at 718 m asl in a small valley located
between two till covered bedrock nidges. Both palsas are bound on three sides by
standing water ranging from <0.5 to >2 m deep. The fourth side consists of a thin
tloating mat of peat with Carer and Sphagnum being co-dominant. The largest palsa
is 28 m long, 15 m wide and 1.1 m high (all heights are measured relative to the
water table). It 1s oval-shaped with 1ts long axis trending northeast-southwest. It
appears 10 be degrading by block failure along its perimeter (Figure 2.4.2a), similar

to those described by Salmi (1968). As well, patches of bare peat are exposed on the
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surface (Table 2.4.1) and large cracks up to 15 cm wide and 30 cm deep traverse the
entire palsa.

At the Ferriman site, one palsa occurs at 750 m asl in a topographic setting
similar to the Goodream site . This palsa is surrounded by a deep (>2 m) ‘moat’.
It is circular in plan shape with a diameter of 12 m and a height of 0.7 m. This palsa
also appears to be degrading as there are cracks, (up to 10 cm wide and 40 cm deep)
traversing its entire surface (Figure 2.4.2b) along with thermokarst depressions.

The Laroche site contains two oval palsas located i a small valley (661 m asl)
with a bedrock ridge to the east and till-covered bedrock to the west. The tll surtace
is marked by non-sorted circles. The fen surrounding these palsas s dommmated by
Carex vegetation with the water table located 5 cm below the surtace. A small pond
(50 m in diameter) lies to the northwest of the palsas. The largest palsa s 58.7 m
long (northwest-southeast axis) and 21.6 m wide, with a height of 1O m.

The Newf site contains nine palsas ranging from 5.6 to 21.0 m n length, 2.4
to 12.0 m in width and 0.5-0.8 m in height. The surface of the ten surrounding the
palsas consists of a thin Carex and Sphagnum f{loatmg peat mat. This site s
topographically different from the previous sites. There 1s no defmite valley but
rather gently sloping open lichen and feather moss torests surrounding the peatland.
There are no large open water bodies, only small pools (2m?). The palsa studied 15
17.4 m long, 8.0 m wide and 0.8 m high.

The surface vegetation characteristics for the four palsa sites are shown n
Table 2.4.1. At the Ferriman and Laroche sites, 709 of the palsa surtiacer are free
of vegetation. Bare peat, shrubs and hichen dominate the surtace of Goodream palsa.
The Newf site has the lowest percentage area of bare peat with lichen dominating the
palsa surface. Trees were present at the Laroche site only. A larch tree 1.5 m high
and 122 years old was found on the northwestern edge of the palsa. The very low
percentages of sedges on all palsas and the abscnce of dead hydrophilic species
indicate that their surfaces are relatively dry and have not been submerged recently.

Peat thickness overlying the mineral soil substrate, both on and surrounding

the palsa, is summarized 1n Table 2.4.2. The surtace peat at the Laroche site 1s
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SURFACE PERCENT COVERAGE

VEGETATION | GOODREAM FERRIMAN LAROCHE NEWF
BRYOPHYTES

Dicranum spp. 4 S 3 2
Polytichum spp. 9 5 0 7
Sphagnum spp 5 0 0 1

TOTAL 18 10 3 10 l
SHRUBS ]l
Betla gland- 17 4 4 5 "
ulosa

Ledum groenla- 0 2 11 3

ndicum

Vaccmuem vitis- 5 0 0 0

tdaca I
V uliginosum 3 5 2 0
Empetrum n- 2 3 3 0

1grum

Rubus chamae- 5 0 0 0

morus

TOTAL 32 14 20 10
SEDGES

Carex spp. 0 0 0 0

Scirpus spp 0 2 2 0
Enophorum 0 2 2 2
chamissonis

TOTAL 0 4 4 4
LICHEN

Cladonma spp. 20 4 4 75

TREES

Lar larcina 0 0 1 0

BARE PEAT 30 70 70 3

Table 2.4.1. Surface vegetation cover of the four palsa sites.
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Figure 2.4.2. (a) Block failure on west face of Goodream palsa. Blocks range from
0.75-2 m long. (b) Cracks in surface peat at Ferriman Palsa. This scems to initiate
block failure, (c) Ferriman palsa surface during winter of 1989. Much of the palsa
surface (micro-hummocks) is free of snow. (d) Surface of Laroche palsa. Isolated
blocks of peat resulting from winter wind erosion stand 18 cm above surrounding the
unvegetated surface.
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anomalously thin compared to the Goodream and Ferriman sites, while the thickness
of the peat surrounding the palsa at the Laroche site, is similar to these two. At the

Goodream and Ferriman sites the peat 1s thinnest at the edge of the fen and

hecomes thicker towards its centre.

2.4.6. INTERNAL CHARACTERISTICS

In the absence of long term process studies, the investigation of palsa structure
provides one approach to the nterpretation of mound genesis. In this study,
stratigraphic observations are based on the analysis of cores up to 3.0 m long. Of
particular interest to this study is the morphology and distribution of ground ice and
the depth and nature ot organic material and mineral soil.

The mternal structure of 4 palsas 1s summarized in Figure 2.4.3. A variety of
ice types are present, but segregated lens ice, in various geometric arrangements, is
most common. The largest and greatest total thickness of lens ice is associated with
the contact between the sedge-peat unit and underlying mineral soil. Approximately
32% ot the total ice thickness were found at this location, 23% of total ice lenses is

found within sedge peat and 17% within the mineral soil. An average of 73% of

palsa height can be accounted for by accumulated ice lens thickness.

PEAT GOODREAM | FERRIMAN | LAROCHE
THICKNESS

(M)

On the palsa 2.60 2.44 0.66
Surrounding the 1.54-2.00 1.03-2.24 1.03-1.67
palsa

Table 2.4.% Peat depths for three palsa sites. The peat depth on the surface of the
Laroche s thinner than in the surrounding fen. At the Goodream and Ferriman sites
the peat depth s thickest on the palsa.

The size ot pore ice crystals varied considerably. Two size categories are

proposed, (1) small ice crystals less than 1 mm in diameter, termed pore ice, and
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(2) larger crystals 1-20 mm in diameter, termed inclusion ice. This distinction is
entirely morphologic and does not imply a genetic difference. Both sizes of ice
crystals occur nall types of peat but not in the mineral soil. In one case, reticulate
ice veans occur within the mineral soil at the Laroche site.  The ornigin of this
cryotexture 15 not completely understood; howewver, it 1s known to be associated with
ice segregation processes (Mackay, 1974),

Ice coatings occur on wood tragments in frozen fibrous peat. In all cases, the
ice coatings weie thickest on the upper wood surface. At the Goodream and
Ferriman sites, breccrated mclusions of highly decomposed organic silt occur within
large segregatedice layers. These nclusions range from 5-22 mm in length and were

horizontally oriented.

2.4.7. WINTER CHARACTERISTICS

Snow conditons were investigated at the Goodream, Ferriman and Laroche
sites durmg February 1989. Snow depths on the palsas were measured at 36 points,
and ranged from 0 to 45 em deep and averaged 10 cm. Inthe fen surrounding the
palsa snow depths were measured at 48 points and ranged from 44 to 175 cm, with
an average depth ot 69 em.  The ditferences in snow depth produce marked
ditferences in ground-snow intertace temperatures, With anambient air temperature
of -31"C (February 18, 1989) the ground-snow interface temperature beneath 11 and
78 em of snow way -20"C and -3.5°C respectively.

A lnear regression was developed to predict ground/snow interface
temperatures  from depth, density, water equivalents of snew and ambient  air
temperatures. A step-wise regression showed that the only significant variable at 85
% confidence terval was snow depth. The equation produced is:

In|Ty[=1.80-0.595(Ind)

where: In| Ty, | is the natural log” of the absolute value of the ground snow/interface

temperature (°C).
Ind is the natural log of snow depth (m).
natural logs were used to linearize data.

52




An R? value of 0.89is achieved. with a low mean square error (0.079). A two
tailed t-test showed that the independent variable is sigmticant at 98¢¢ contidence
interval.

As much as 209 ot the palsa surfaces at the Ferriman and Goodream sites
were free of snow (Figure 2.4.2¢). The exposed surfaces are susceptible to detlation
by wind erosion. Smuall fragments of windblown peat, ichen and leaves were

identified both on the snow surtface and in snow pits in the lee of the palsas.

2.4.8 DISCUSSION AND CONCLUSIONS

24.8.1 Surface conditions

The vegetation species present at the four sites are very ssmailar, although, their
percent cover varies between sites.  In earlier studies, the absence ot surtace
vegetation was used to infer stage of development (¢.g. Brown 1968; Salm 1968),
In this study, the type and percent of surface vegetation cover 1s used to develop a
simple stage-process categorization which can be applied to either peat or mmeral
soil palsas. Using examples from Schetterville, we are attempting o demonsuate that
paisa condition is simply a reflection of site specitic permatrost processes. The three
conditions proposed parallel the evolutionary stages of palsa development dehmed by
Seppdld (1986), where he distinguished between embryonic, mature and  old
[collapsing] palsas. We recommend however, that terms having an evolutioniny
context do not clearly communicate the dynamic signiticance of the  permalrost
condition and may unintentionally suggest age, without the approprate data. The
terms aggading, stable and degrading when used as a modificr of the term palsa
imply the proper cryogenetic significance.

All the palsas studied have varying percentages of surface arca covered by
bare peat. The presence of other cover types, especially shrubs lichens and in one
instance a mature larch tree, suggests that these palsas have been above the water
table for a sufficient period of time to allow a succession of xerophilic species to

colonize the palsasurface. Hence, one conclusion of this study 1s that these palsas are
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past the aggradational phase ot development. Furthermore, the presence of a mature
tree, thermokarst hollows, arcas of bare peat and block tailure suggest that the
Goodream, Ternman and Laroche palsas are all in various stages of degradation.
The palsiaat the Newt site did not display any degradational characteristics, had a low
pereentage of bare peat and maintained a high percentage cover of lichens and

shrubs  This suggests a cryogeneticly stable palsa.

2.4.8.2 Peat thickness and winter characteristics

The vanable relationship between peat thickness on the palsa and in the
surroundimg fen was not anticipated. At the Goodream and Ferriman sites, peat
thickness 1s thickest on the palsa. This seems appropriate because the fens appear
to be tormed in former small lakes, and lake intill 15 the dommant peat forming
process, i addition the growth of jee lenses may expand the apparent thickness of
peat. Lake intill also seems o be the donunant peat lorming process at the Laroche
site, but peat depths are thinner on the palsa.  Zoltar and Tarnocar (1975) have
suggested that palsa form s associtated with ice lens growth in the mineral soil. This
appeins to apply at all the palsas, where the largest ice lenses are contained within
the nuneral soil.

It s hypothesized that in the past, the surface peat was much thicker on the
Laroche palsa Successive years of winter and summer wind erosion can remove a
stgnthcant amount of surtace material. During the winters of 1987-88 and 1988-89,
approsvimately 18 em ot surface peat was eroded trom the surtace ot Laroche palsa
surtface  This occuried on the most exposed portion of the palba and is displayed n
Figure 24 2d Ihe albedo of unvegetated surtaces 15 generally lower than
surrounding areas of hchen (Ralton and Sparling 1973).  In theory, more solar
tadiation s absorbed and the surtace peat layers become wetter (Wright 1981), thus
imcreasing the thermal conductivity of the peat. This combination of factors could
produce deeper active layers and possible surface thermokarst.  From this we
conclude that wind erosion s responsible tfor signiticant amounts of surtace peat loss

leading to degradation of the permafrost core.
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There is a strong relationship between snow thickness and ground thermal
regime (Nicholson, 1976). Clearly, where snow is absent, or thi, the ground surtace
is much colder than in the surrounding ten where the snow s much thicker. This
permits maintenance and in some cases aggradation of the permatrost core within the
palsa. However, summer conditions also have a strong mtluence on the ground
thermal regime. From April to October the temperature 3 m below the surtace at
the Ferriman site rose from -1.6 to -0.6°C.  With combmations ot anomalously high
or low snow fall, and warm or cold summers respectively, temperatures at depth may
be significantly altered. Where snow is thin on the palsa surtace, trost penetration
is more intense and rapid, contributing to maintenance of colder temperarures
throughout the summer.

This may seem to contradict the theory of winter wind crosion causing deeper
active layers, as described above. However, the findings suggest that remaoval ol
surface peat by deflation does not occur at all sites, rather, 1t s selective and
sporadic. The controlling factor appears to be the amount of unvegetated surface or
bare peat. Areas of bare peat are more likely to be eroded than the vegetated areas.
The result is a positive feedback system where unvegetated sections of the surface are
more susceptible to erosion than the vegetated ones and wind croston creates larger
areas of bare peat, which are more readily eroded. This 1s the case with the
degradational palsas at the Ferriman and Laroche sites. Hence, the amount of bare
peat is significant to cryogenetic conditions of palsas.

The third conclusion also relates to the internal structure. Corimg revealed
that both mineral- and peat-cored palsas are found n relatively close association.
In this study, neither mineral nor peat-cored palsas exhmbit a greater tendency for
degradation. However, we speculate that as erosion of the peac surface over a
mineral-cored palsa continues, 1t 1s probable that a threshold will be reached at which

the peat cover is no longer thick enough to preserve the permatrost core and a

degradational palsa will result.
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CHAPTER 3: RESULTS-PALSA THERMAL REGIMES
3.1 BACKGROUND TO PAPER THREE

Very hittle research has been carried out ¢n the thermal regime and maximum
active layer depth of palsas on an annual basis. This is the subject of the third paper
"Thermal regime and active layer development of palsas in the Schefferville area,
northern Quebec”.

Thermal conditions are of considerable importance when studying palsas since
by detimtion they must contain permafrost.  This paper documents both thermal
regimes and development of active layers on two palsas in this region. In addition,
ground thermal regimes are related to snow distribution on the palsas and climatic
parameters recorded at the nearest meteorological station.

Least squares regression models were calculated using time and climatic
parameters to predict maximum active layer depths. This 1s compared to values
calculated using a popular analytical equation that includes both climatic and
geotechnical parameters.

This paper does not include any dewailed description of location, setting,
morphology, . urface or subsurtace conditions of these palsas as they have been

presented i detaf in previous sections.

3.2 CUMMINGS, C.E. AND POLLARD, W.H. 1991. THERMAL REGIME AND
ACTIVE LAYER DEVELOPMENT OF PALSAS IN THE SCHEFFERVILLE AREA,

NORTHIERN QUEBEC

3.2.1 INTRODUCTION

A palsa s " a peaty permafrost mound possessing a core of alternating layers
of segregated ce and peat or mineral soil material. ...Implicit in this definition are
their constructional nature, their ongm in wetlands (fens or bogs), and that ice
segregation i nuneral soill beneath peat 1s the process responsible for growth.”
(Permafrost Subcommittee 1988, p. 60).  Palsas occur most widely in the
discontinuous permatrost zone. Within the discontinuous permafrost zone, snow

depth and distribution are mmportant variables nfluencing the distribution of
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perennially frozen ground (Nicholson, 1976) and theretore, the disttibution ot palsas.
Seppiild (1982), for example, demounstrated that palsas could be induced by systematic
removal ot snow trom a ten surface in Fimush Lapland. In another studs, Cumnuings
and Pollard (1990) determuned that snow-ground nterface tempetatures on palsas m
the Schetferville area were related to an temperature as a log-hnear tunction ot snow
depth. In the latter study, it was also demonstrated that temoval ot snow cover hom
the top of a palsa by wind redistribution, can lead to degradation of the permatiost
by a combination ot wind abrasion and detlation. of suttace peat. Snow depths of >
80 e¢m along the edges ot a palsa roughly I m high enhanced Tateral thaw which
contributed to block tarlure. Thus, it is apparent that snow and 1ts scasonal pattern
play a dynamic role influencing permatrost processes m the discontinuous zone and
in the formation and degradation ot palsas. Although this obscrvations not new, the
dynamic nature of this relationship remains poorly understood because of lmited
field observations.

Many palsa studies have presented thermal protiles and ob.civations onactive
layer depth (e.g. Kershaw and Gill, 1979) or thermal changes over short perods ol
time (e.g. Nelson er al., 1985). Except tor a few studies (e g Allind er al | 1987,
Lindgvist and Mattsson, 1965; Seppala, 1983, 1990) there s httle year-tound or long-
term data on palsa thermal conditions.  Fietd observations from orgame terrauns 1
similar discontinuous permatrost settings or empimical studies may  provide an
alternative approach to the understanding of palsa thermal regimes  Sceasonal thaw
depth in mineral and organic soils has been shown to follow a hnear relatnonship
dependent on time (McRoberts, 1975). Sinularly, Gray er al (1788) developed log-
linear regressions to predict maximum active fayer depths in northern Quebece usig
climatic and terrain parameters.

This paper piesents snow depth and ground thermal data tor palsas i the
Schefferville arca of Nouveau Quebec and compares observed active layer
temperatures with predicted values derived trom (a) Stetan’s equation and (b)
equations derived by least squares regression of active layer development aganst

regional climatic data.

57




3.2.2 STUDY AREA
Schetterville 1s located 525 km north of Sept-lles at 54°50°N, 66°40°'W. It lies

within the [Labrador Trough, an Archean fold belt characterized by a strong ridge and
valley topography aligned in a northwest-southeast direction. The eastern centre of
Laurentide ice 1s believed to have been located just north of Schetferville (Ives 1979;
Bryson ¢t al.; 1969) and radiocarbon dating suggest initiation of peatlands occurred
approximately 6000 BP (Grayson 1957). Permaftrost occurs beneath exposed ridges
(Nicholson, 1979) and m solated patches in wetlands at lower elevations. Palsas
occur in fens and bogs throughout the Schefferville region (Cummings and Pollard
1989, 1990). They range trom 3-30 m in diameter and from 70->200 c¢m in height.
The mean annual air temperature for Scheffervilie 1s -4.9°C with maximum and
mimmum mean annual temperatures of -2.7 and -7.9°C, respectively (McGill
Subarctic Research Station records 1955-1985, Figure 3.2.1¢). The warmest and
coldest months are July and January with means ot 12.5 and -22.7°C, respectively
(Iigure 3.2.2).  Extreme maximum temperatures can reach 30°C while extreme
minimums may fall as low as -45°C.  Schefferville averages 1300.9 thawing degree
days with July having the highest average monthly contribution of 346 7. Freezing
begins in September and the average total freezing degree days 1s 3297.9, with
January contributing the highest number of treezing degree days, 768 on average.
Annual snowtall 15 generally high, ranging from 200-600 ¢cm year" (Figure 3.2.1b).
Snow cover exists trom the end of September until mid to late May with the heaviest
snowlalls occurring 1in November and December. Precipitation ranges from <300-
>600 mm year ' with approximately 50% ot the total occurring as ramfall (Figure
3.2.1a). July experiences the highest raintall and regularly exceeds 100 mm.

The two palsas discussed m this paper oceur 1n fens that occupy topographical
depressions in the area. Goodream palsa 1s 21.4 knit from Schetferville airport and
lies at 718 m asl. Ferruman palsa 1s 10.2 km from the Schefferville airport and lies
at 750 m asl. The size, morphology, surface vegetation, peat thickness and internal

structure ot these palsas are described in detail by Cummings and Pollard (1990).
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Figure 3.2.1. Climate of the Schefferville area between 1955-86. a) Annual rain fall
in mm. b) Annual snow depth in cm. ¢) Annual average temperature in °C.
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3.2.3 METHODS

Field studies were concerned with the measurement of vegetation on palsa

surfaces, snow and temperature conditions and their variation m relation to palsa
setting and morphology.  Snow data were obtained with a Mount Rose snow
sampler. Snow depth and density were recorded at 5 mntervals along transects
oriented parallel and perpendicular to the long axis of cach palsa.  Active layer
depths were monttored on a grid ot 24 pomts on cach palsa using a graduated steel
probe and taking into account ditferent vegetation associations. These depths were
measured every three days between juhan days 120 and 258, Ground temperature
profiles were obtained using multi-thermistor cables cquipped with YSE 11033
thermistors calibrated to (.1°C and were recorded at thiee day intervals dunny the
summer thaw and at two week intervals during the winter - Meteotologreal data (¢ g.
daily temperature, precipitation, bright sun-shine hours) were obtained from the

Department of Transportation at the Schetferville Amrport.

3.2.4 FIELD STUDIES
3.24.1 Snow cover

Snow depth has been described as one of the major factors atfecting the
growth and decay of sporadic discontinuous permatrost. Average snowlall from 1955-
1986 and 1988-1989 are shown 1n Figure 3.2.3. Snowfall s quite high m this region
but varies considerably from year to year. During 1988-1989, total snowtall was 278.6
mm (water equivalents) with an average ot 383.4 mm (water equuvalents)  In T988-
89, snowfall was close to average during the carly winter (Oct-Dec.), however,
January and March snowtall was tar below average while Apnil expenenced the
highest monthly snowtall of the year. Such dramatic vanation in snowfall
superimposed on the seasonal variation in air temperature can ceither enhance or
retard frost penetration and permatrost.

Topography ini the Schetterville area plays a major role in snow redistribution,
The ridges (Tundra, Alpine Heath) rarely have any signtticant snow cover from wind

redistribution it to the more protected areas. By comparison, the wooded valleys
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(Open Lichen Woodland) often have snow drifts up to 2 m thick. Cummings and
Pollard (1989) showed that vegetation density and micro and macro terrain factors
strongly intluence snow distribution n the area.

The snow depth and active layer development for Goodream and Ferriman
palsas are shown i Figure 3.2.4.  Snow depth on Goodream palsa varied
considerably during the winter in 1988-89. In early winter, snow cover was absent
except for a small patch in the centre of the palsa and along its edges. Thus was the
period of thinnest snow depth at this site. By the end ot February most of Goodream
palsa had a 20-50 ¢m snow cover, reaching a depth of 1 m 1n one area. By the end
of April snow cover was simular to that ot early winter with only one snow patch on
the palsa. This was the time ¢ deepest snow accumulation in the surrounding fen,
with depths ot 1.75 m.

In comparnison to Goodream palsa, Ferriman palsa had its deepest snow cover
in early winter rather than April. The edges of Ferriman palsa maintained a deep
snow cover, however, the snow on centre of the palsa rarely exceeded 25 cm and this
only occurred in a depression in the palsa surface. Snow depth in the surrounding

ten was deepest in fate February, when it averaged 1.25 m.

3.2.4.2 Ground thermal regimes

The annual ground thermal regime of Ferriman and Goodream palsas (Figure
3.2.5) shows two distinet teatures: (1) treeze-back begins around julian day 300, which
does not necessanly mark the end of active layer development, but does mark the
begmnng of a transition period trom thawing to freezing degree days, and (2) freeze-
back takes place rapudly once temperatures of <14 and -10°C occur 1n the surface
peat (Ferrman and Goodream palsas, respectively - on julian day 350). The surface
of both palsas continues to cool until julan day 40, which corresponds with the
coldest penod of the winter (Figure 3.2.2). Following this, surtace peat temperatures
begm to rise slowlv. A comparson ot Figures 3.2.2 and 3.2.5 ndicate that surtace

peat temperatures follow the average monthly air temperature, but are depressed by
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63



—e .

D, S DA
] .

0°C isotherm

—_—— e G

L N W —

QRIS S U SN,

AR
50

115

168
187
258

snow surfaca julian day year

LR
LE:]
83

89
39
39

fen surface

m

S5m

HUORURGHHIT

Goodrearn palsa

LT T QAR R T R A R QBT AT T AT R THE
Sw

89.

64

I BRI TR B IH T T

: lllllllllllllllIlllllllllIllllllllllllllllllllllllllllllllllllllllllnlgu

Figure 3.2.4. Snow depth and position of the 0°C isotherm at two palsa sites in 1988-



FERRIMAN PALSA

O T
@ T
S
// ’\q, -
L~ o

-‘]OO ./,6/, ,
E /
O /
T
|._
Q.
&

-200 g

-300 "'—_—;2\1\ | | ] | N

0 50 100 150 200 250 300 3H0)
JULIAN DAY
GOODREAM PALSA
O T 7 T \‘
N
S -100 s S *
O
I
}__
Q.
LL
C -200
1 [OURUU F

-300

150 200 750 “40)0) 3450

JULIANT DAY

Figure 3.2.5. Isotherms (°C) for the two palsa sites in 1988-89.

65



approximately 4-6°C. The rate at which warming ot the surface peat occurs is
generally slower than the rate of winter cooling. Thaw begins around julian day 120.
This differs from the data shown in Figure 3.2.7 because the shallowest thermistor is
at a depth of 35 em from the surface.  When this 1s taken nto account it does
correspond to the data presented in Figure 3.2.7. At 35 cm trom the surface peat
temperatures reached a high of 4°C.

The pattern of temperatures at depth 1s quite ditterent from the surface. It
1s well known that temperature fluctuations diminish with depth. Thus, an annual
temperature amphitude ot only 7°C at a depth of 2 m s not surprising. Immediately
below the base of the active fayer s a zone that remains relatively isothermal at a
temperature close to 0°C (Figure 3.2.5). This 15 thought to reflect the zero curtain

aftect associated with the latent heat absorbed by the soil during spring thaw.

3.2.4.3 Active layer

The surtace vegetation on palsas in this area is quite variable (Cummings and
Pollard, 1990) depending on eryogenic categorization and setting. Surface vegetation
charactensties tor the Goodream and Ferriman palsas are shown in Table 3.2.1.
When the active layer sampling scheme was defined. various vegetation associations
and pereent covers were represented. Active layer development beneath shrubs was
not included m this analysis as they are dommant along the edges of both palsas.
Thawmg ot the seasonal trost along the edges of the palsas is discussed below.
Theoretically, vegetation type and percent surtace cover should atfect active layer
temperature and depth (Brown and Pewe 1973). Figure 3.2.6 shows how active layer
development beneath bryophytes, vare peat, sedges and hichens tollow a similar
pattern, ic. when active layer development is rapid beneath one vegetation type it
18 similanly 1apnd tor other vegetation types. During the study period no significant
ditterences between active layer depth and ditterent vegetation associations were
detected.

Active layer development at the Goodream and Ferriman palsa sites is

diagrammatically shown in Figure 3.2.4. The average maximum active layer depth
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at both sites was 52 cm. By mud July permatrost or seasonal frost could not be
detected along the edges of the palsas. The general shape ot the active layer closely
follows the palsa profiles. Perturbations associated with microtopographic structures
such as surface cracks, are not reflected by the permatrost table.  The larger
depressions, such as those found :n the central area of Ferrmman palsa (Figure 3.2.4),
do appear in the permafrost table.

The rate of active layer development ditters between Goodream and Ferniman
palsas. At both sites, the active layer began to develop approaimately May 1. The
tirst two weeks of active layer development progressed at a rate of 0.04 and .71 ¢m
day™ for Goodream and Ferriman palsas, respectively. This rate temaned relatively
constant at Goodream until the end ot July (julian day 211). At Ferniman palsa the
active layer developed at a rate of 1 ¢cm day! for most of June, but dropped to 0.44

cm day™ until the end of July.

PALSA PERCENT COVER
BRYOPHYTLS | BARL PFALI SEDGES ICHEN SHRUNS
GOODREAM 18 0 0 20 12
FERRIMAN 10 70 4 4 12

Table 3.2.1. Percent cover of surface vegetation on the Goodream and Ferriman
palsa sites.

3.2.5 PREDICTION OF ACTIVE LAYER GROWTH
Since the two palsas discussed i this paper are situated in similar topographic
positions, ditferences i ther active layer development may be attributed to variations
in microclimate and thermal properties of the soils rather than terrain effects.
Accordingly, the two approaches used to predict maximum active layer development
are: (1) cumulative climatic data and (2) Stetan’s cquatton (Jumikis, 1977 p.208).
Cumulative data (e.g. thawing degree-days, bright sun-shine hours, rimntall, and

time) are recorded from the beginning of the melt scason and summed datly until 1ts
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Figure 3.2.6. Active layer development beneath: bare peat (IBP), bryophytes (ISF),
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end. Several analytical and numerical models have been developed to predict active
layer development based on a variety of variables, such as time, thermal eonductvity,
surface conditions and snow depth (c.g. Goodnich 1982; Gray er al., 1988; and
McRoberts 1975). However, the accuracy of these relationships s a duect tunction
of the quality of site specific information such as thermal properties of the soil, soil
moisture, etc. [t would be useful for regional mapping purposes or tor the prediction
of past and future active layer fluctuations in response to climate change, i simple
empirical models using readily attanable proay data can be developed

Using cumulative data, mean active layer depths for the summer period were
plotted against environmental parameters Least squares regression equations for all
data were developed to correspond with maximum active layer depth. Smce ar
temperature and its dernvatives have been shown to be usetul i permatrost
prediction (Brown and Péwé 1973, Nelson 1986), thawing degree-days (T,,,) were
used as the primary variable to predict maximum active layer depth Brown (1963)
states that solar radiation will raise ground surface temperature higher than the an
temperature. Hence, bright sun-shine hours (Q™) were also mcluded as a vaniable to
predict maximum active layer depth. The soil moisture content strongly attects the
thermal conductivity of the peat.  Palsa origin has been related to the annual
variation in thermal conductivity of peat (Scppala 1988}, Because wet peat has a
higher thermal conductivity (K) than dry (Farouki 1981), 1t seems logieal that pa tall
will increase the soils ability to transmut heat and mcrease active layer depth - Thus,
rainfall (p) was also tested to predict maximum active layer depth o Fally, the
Neumann solution has becen used to estimate depth of thaw plane (Morgenstern and
Nixon 1971). One of the mam parameters m this equation s time - McRoberts
(1975) has shown that the square root of time can be used o predict depth of thaw
in a variety of soil types. Conscquently, time (t, 0 juban days) will also be used in
the prediction of maximum active layer depths,

Least squares regression hines for these cuinulative environmental parameters
are shown in Figure 3.2 7. The corresponding regression equations, R vidues and

estimation of maximum active layer depth are shown in Table 3.2.2
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RELATIONSHIP EQUATION R’ PREDICTED VALUE
xvs T, Inx=1642 - inT,, .98 5465
x vs Q¥ x=1.235 + Q™0 059 .98 54.27
X Vs p =-22 + (Inp26)”’ .96 59.15
X vs | x=11142 - 1506771 98 53.02

Table 3.2.2. 1.cast squares regression equations and R? vaiues and their estimates of
active layer depth for accumulated environmental parameters from the Scheffervilie
arrport. Inidentifies the natural logarithm. x - active layer depth in cm, T, - thawing
degree days, Q - bright sunshine hrs., p - ramfall in mm., t - time in julian days.
Maximum recorded active fayer was 52 ¢m.

The cumulative data show a strong correlation with active layer development
throughout most ot the summer, with a departure from linearity at the onset of melt.
This may be duc to several factors, such as the uming of snowmelt and the
fluctuation ot wir temperatures above and below 0°C. The best fit was achieved by
regressing active layer depth agamnst time resulting i & R* of 0.98 and a 1.96% error.
Bright sun-shine hours, thawing degree-days and ram also produced good estimates
ol maximum active layers with R* of 0,98, 0.98, and 0.96. This produced errors of
4.36, 5.10, and 13.75% respectively.

Stefan’s equation (Jumikis 1977, p.208) given in Equation 1 below, was also
used to prediet maxumum active layer depth. Using this equation active layer depth
is computed as a tunction of both environmental parameters (thawing degree-days)
and thermal properties of the soil (monsture content and thermal conductivity).
Maximum comulatis ¢ thawing degree-days as well as a range of mosture content of
the peat and then conresponding thermal conductivities (trom Faroukr 1981, p.52)
were used i these caleulations Gravimetric moisture content n the upper 10 ¢cm ot
the pabsa, measured at weekly mtervals throughout the summer, ranged from a high
of 90% 1o a low of 0%, with an averaged 70%. Using these values m Stefan’s

equation produced maximum active layer depths of 62.8, 55.1. and 53.3 ¢m which
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resulted in pereent errors of 12,08, 10.25, and 10.6% respectively.

48 K T,
o

(1)

where:
x = active layer depth m.
T,, = thawing degree days °C

sur

K = coefticient of thermal conductivity Cal [m h °CJ!
Q, = volumetric heat of tusion
=Lw Yq
L. = mass latent heat of fusion
w = mosture content (% ot total weight)
y, = dry unit weight of soil kg m™

3.2.6 DISCUSSION

Since snow has a low thermal conductivity, it acts as an insulating layer
mhibiting frost penetration in winter (Andersland and Anderson 1978). Because of
this, snow cover atfects summer thaw depths by reducing winter frost penetration.
In a numerncal model Goodrich (1982) demonstrated that active layers increased
between 13 and 19% 10 areas wath significant snow cover compared to no snow
conditions.  In this model, Goodrich assumed snow cover accumulated linearly to a
maximum value and remamed constant at that level vntil spring melt. However,
snow depth on palsas vares both spatially and temporally, making a linear maodel of
snow accumulation unapphcable  Furthermore, the seasonal pattern of snow
distibution tor ditferent palsas s also highly vanable. As shown in Figure 3.2.4, the
maximum snow depth on one palsa cotresponds to the same period of time as the
nummum snow depth on another palsa. Tt seems likely that this pattern reflects a
complex refationship between palsa morph.. gy and setting and their effects on snow
distribution. This assumption has not been investigated 1n this study.

Snow depth variations on palsa surfaces do not seem to affect the subsequent

veans active laver development. The active layer profile appears to closely follow the
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general palsa profile. Micro vanations in palsa morphology (ic. cracks) do not show
up in the active layer profile. Larger variations in palsa morphology. such as elevated
areas at the Goodream palsa and depressions at Fernman palsa (bagure 3 2°4), are
reflected in the < ape of the active layer protile This appears to be related to e
and the thermal properties of the peat rather than winter snow conditions  T'he
edges of the palsas were charactenized by both thick snow cover and active layer
depths much deeper than the palsa centres. Imtially one may speculate that i this
situation, snow acts as an msulating cover and hnuts the penetration of the winter
cold. This would tend to limit the negative portion ot the annual temperature wave,
suggesting a warmer mean annual surtace temperature and a deeper active fayer.
However, these etfects are probably compensated tor by Lateral temperature Huxes
A more probable exnlanation 1s that deep active Tayer development s a function of
the greater surface area over which temperatures can penctrate allowing both vertical
and lateral penetration of the thaw front. With greater heat thay, the palsa edges
would naturally display deeper and more rapid active Tayer development

In general, various cumulative environmental parameters can be used to
predict trends i active laver depth. Gray ef af, (1988) 1sed cumulative thawing
degree days to predict thaw depth of various soils on the west coast of Ungava Bay.
Of particular interest are soils which are characterized by similar organmic and
vegetation characteristics as the palsas in the Schetterville arca. Thenr maximum
measured active layer was 30 cm while @ log hmear model estimated 40 cmresuluing
in an error of 33.3%. The models developed tor the palsas in the Schetferville area
are geneyally better than that of Gray e al., (1988).

A comparison of wetland thermal regimes presented m Moore (1987, Figure
2) with data presented 1in Figure 3.2.5 shows a number of mteresting trends. The
most notable difference 15 the presence of permafrost m the palsis to a depth of at
least 3 m (deepest thermustor). The lack of intense cold at depth i Moore’s
wetlands is another obvious ditference. The coldest temperature recorded by Moore
was =57 C ata depth of approximatery 10 em i December and January (yulian days

325-31), while a palsa in the present study (Figure 3 2.5) maintamed a temperature
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of -18"C 10 a depth of 90 ¢m from julian days 0-50. Moore’s Figure 1 shows a snow
pack of at least 50 cm, exceeding 150 ¢cm by the end of February (julian day 58). The
snow pack at the palsa sites (Figure 3.2 4) never exceeded 50 ecm. Furthermore, for
several extended periods significant portions of the palsa surtace was snow tree. It
15 these differences i snow depth that produced the different ground temperatures.
These data generally agree with that ot Nicholson (1976) who stated that above
critical snow depth of >75-80 ¢cm would inhibit permafrost formation in the
Schetferville area

In the winter, near surface temperatures are quite dynamic and react relatively
quickly to ambient air temperature fluctuations. This 1s not the case in summer,
where temperature at a depth of 35 ecm did not exceed 3°C. It is known that
untrosen peat has a lower thermal conductivity than trozen peat (Jumikis 1977),
thereby causing slower reaction of peat temperatures to air temperature fluctuations.
As well, melting of the tfrozen peat uses energy that is no longer available to raise its
temperature Durmg the winter, trozen peat, has @ higher thermal conductivity,
resulting i much more rapid an temperature fluctuations.

‘The temperatures below 2 m were relatively constant, varying only 6°C. In the
upper peat fayers, the temperature vaned 20°C over the course of this study. Thus,
as the annual thermal wave penctrates the peat surtace to lower depths its amphtude
decreases. This corresponds with the posttion of ice lenses 1n the palsas, as described
by Cumnungs and Pollard (1990). The thickest and majority of ce lenses were tound
nt the deeper portions ot the palsas. The less steep thermal gradient at depth allows
mosture to nugrate to the ticezing tront, resulting in the development of segregated

1ce lenses.

3.2.7 CONCLUSIONS

Thiee mam conclusions about the nature of palsa thermal regimes in the
Schetterville arca can be drawn from this study. First. snow depth on and around the
palsas displays considerable vanation throughout the winter. However, occasionally

thick snow cover on top ot the palsa appears to have hittle affect on active layer
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development and the thermal stability of permatrost in the palsa core. The size,
shape and setting of palsas in the Schefferville area ensures that despite occasional
burial by heavy snow or a snow drift that strong prevatling wands from the northwest
will usually remove stow from the palsa surface.  With the majonty ot snowtall
occurring 1n early winter palsa surtaces are often snow free or covered by a thin snow
layer during January and February when extremely cold ground surtace temperatures
propagate to depths of more than 2 m. Deep active lavers and mechameal erosion
of steep palsa edges seems to be more a tunction of a greater surlace area over
which heat penetrates the palsa rather than deep snow cover. This study only
recorded one year ot data and thus can not comment on the results of muttiple years
of high or low snow cover on these palsas and then subsequent active layer
developments. A second conclusion s that difterences in vegetation dud not produce
significant variation in either ground temperature or masimum active faver  This
however, probably reflects the minor vatation m the physical charactensties of the
moss and lichen vegetation communities donunating palsa surtaces  The absence of
wooded palsas 1n the area precluded consideration of the etfects of more sigmificant
differences. Finally, in the absence of detailed site speaihie mformation on ground
temperatures and ground thermal properties the statistical analysis G0 vanous
cumulative environmental parameters such as thawing degree days, brght sunshine
hours, rain or time, may provide a better first approximation of active layer

development than widely used empincal relationships hke Stefan™s equation.
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CHAPTER 4: CONCLUSIONS
4.1 SUMMARY

Fiven though cach paper contains a separate set of conclusions, there are
several additonal conclusions that can be made when the entire study is considered.
These range from changes 1n the physical characteristics of the palsas over time and
palsa dynamics, to reformulating the detinition of a palsas.  In addition to specific
conclusions developed o cach ot the manuscripts, four broad conclusions can be
drawn from the study.

First, m the Schetferville region palsas are relatively comimon permatrost
phenomena This observation contradicts suggestions made by Lagarec (1990) that
palsas do not occur m this area. They occur in various wetland types but tend to
occur most readily msmall tens situated at hugh elevations, that s, within or on the
sides  of northwest-southeast trending bedrock  nidges. For - example,  palsas
documented at Fernman ridge, Goodream, lake and the Laroche site all contorm to
this setting. Fens found at lower elevations tend to have thick snow cover which
inhibits deep frost penetration, where as the fens at higher elevations tend to blow
clear of snow. This partly -due to the lower and less dense forest cover surrounding
these fens.

Sceond, palsas in the Schetterville area are smaller than those described along
the Hudson Bay coast and in the Yukon Territory. The palsas in this study range
from 5.6 to 59.0 m mn length and up to 101 em in height above the water table. They
are typically oval to clongated i shape and posses a relatively smooth tlat-topped
profile. The vegetation cover varied with size age and 1elative stability ot permatrost.
In aggrading and stable palsas the vegetation cover s domimated by shrubs and
lichens. Many of the teatures studied were mterpreted as unstable or degrading, in
these cases bare peat otten typified the surtace condition.

Thud, m all cases the Schetterville palsas displayed o relatively thick organic
sequence contatmng pore ice and ice fenses or iee coatings. At depth a mixture of
otganic and mincral sedument contained thick ice lenses and layers. Clearly, palsa

growth and preservation s diectly related to permatrost aggradation into the mineral
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rich horizon. Biostratigraphic analysis indicated a gradual inhilling ot the hos. fen and
transition from hydrophihc to relatively xerophilic plant communities Tt s thought
that this transitton correspended with the mtiation ot permatrost.

And tourth, the environmental conditions that are most important in palsa
formation and preservation near Schetterville are typieally those deseribed i the
literature (e.g. Seppala, 1982, 1988a). Speafically a thick organic laver saturated with
water and extremely cold winter temperatures  These conditions are readily met i
the Schefterville area. Much of the locai land sutface s covered by wetlands and the
mean annual temperature 1s -4.7 °C, with winter temperatures often as cold as -33°C
The dominant control, however, appears to be snowlall and its distiibution relitive to
elevation. Schetlerville receves between 200-600 cm ot snow annuallv. Much ot
which occurs m early winter. This has the duect result of msulating the ground trom
cold mid winter temperatures and mhibits frost penctration, particularly o dense
woods and lowland areas  However, where snow 1s removed by winds there s a
greater probability of deep frost penctration and permatrost agpradation Ths

process tends to occur on the bedrock nidges and fens at higher elevations.

4.2 DISCUSSION

Several research projects have been concerned with the permatrost of the
Schefferville area (c.g. Nicholson 1976, 1979). Only vague references have been
made to permafrost 1n the organic terrain of the region (c.g. Jahn, 1986, Waterway
et al. 1984). To that end, this rescarch has shown that permafrost, occurning as
palsas, are common in organic terramn i the Schetfervilie region. Previous to this
study, permalrost was thought only to be important i exposcd ridges of the area
These two settings contnig permafrost represent extremes  Both are arcos where
snow 1s absent or neghgible, as well, the geotechnical properties of peat pernnt a net
heat loss compared to the muneral soils of the area. These tactors contnibute to the
formation and maintenance ot permatrost islands called palsas

The description of palsa morphology ncludes heght (above unmediate

surroundings). However, these teatures can be surrounded by @ variety of conditions
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ranging trom dry or wet bog and fens to open water. By their very nature, peat
surfaces tend to fluctuate vertically depending on moisture content (personal
communication with Nigel oulet, Department of Geography, York University).
Because of this, the neight of a palsa may change trom day to day, depending on the
amount of rammfall or evapotranspiration that has taken place. For example, if
tollowing a heavy runtfall the surface peat surrounding a palsa rose 5 cm, then the
palsa would be 5 em lower relative toats surroundings. Table 4.2.1 shows the changes
in haight of the Goodream and Ferniman Palsas throughout the three years of this
study. FFrom this we see that the size of palsas rehtive to the water table can be quite
dynamic and can react quickly to various environmental and intra-palsa conditions.
It 15 not known 1t these changes are a result of aggradation or degradation or erosion

ot the palsa surface. Quite probably 1t 15 the result of a combination of factors.

Goodream | Length m rHclght m | Date
28 0.78 Sept. 87
28 1.1 Feb. 88
h 27 0.98 Sept. 89
IL 27 0.92 March 90
Fernman 12 0.7 Feb.89
| 12 082 Sept. 89
12 0.78 March 90

Table 4.2.1. Changes in palsa size from September 1987 to March 1990,

Palsas are not acted upon solely by external conditions such as climate or
ternun characteristics, but also by factors that result from palsa dynamics. The
aggradation and degradation of o palsa will, in effect, alter these dynamics. For
example, when block tature (Figure 2.2.4) occurs, the space between the fallen peat
block and the palsa atselt, will collect deeper snow (Figure 3.2.4). This m turn may

teduce trost penstration durmg winter and may induce additional block farllure during
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subsequent summers. This process will lead to loss ot surtace area and contuibute to
further degradation of the permafrost core. Conversely, an aggradational palsa, that
is being vertically displaced, will generally have thinner snow cover than tower palsas.
The thinner snow cover will allow deeper frost penctration and posably ice lens
growth and further vertical displacement. As vertical displacement takes place the
moisture content of the surface peat (in the active layer) s lowered  This can agam
affect aggradation or degradation of the palsa - When the mosture content of the
surface peat reaches a threshold conditton hichens will colonize the suttace of the
palsa. This increases the albedo, resulting in greater net heat foss . While growth of
shrubs will increase snow accumulation which can reduce heat loss It however, the
snow is thin or absent, the winter winds may induce surtace peat loss and lead to
further degradation of the permatiost core.

The palsa s a very complex fandtorm that s not only attected by chmate and
terrain conditions but also 1its own dynamics or "mtia palsa” conditions The atfect
of these chains of events have rarely been studied but undoubtable play an important

role on palsa dynamics in relation to permatiost aggradation and degradation.

4.3 WHAT IS A PALSA?

Seppalid’s (1972) defimtion of a palsa was the first presented in a scientitic
context. Seppila describes a palsa as "a hummock rising out ol a bog with a core of
ice". This definttion lacks any mention of process and thus s Innted m geomorphi
context and should only be used as a morphological deseniption As well, the use of
the terms bog and ice in this dehinition have also caused considerable confusion "The
term bog refers to a specitic type of organmic terram and palsas are locted m fens,
tundra mures etc..  This term should be broader to cncompasses all aspects ol
peatlands and organic terram. The use of the term ee has aleo caused much
confusion. The term permafrost should be nsed instead ofices as o corc of 1ce would
indicate a frost blister rather than palsa.

In recent years the term palsa has been used to label for a vanety of frost

mounds. For example, Hinkel et @l (1987) state that their use of the term palsa s
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irrespective of geness. This 1s geomorphologically unsound because many forms that
are morphologically similar can be very different genetically. In fact Hinkel er al.
(1987) "plea" tor adoption of Washburn’s (1983) defmition.  Washburn states that
palsas can result from 2 different processes resulting in one type of frost mound; (1)
permatrost aggradation and (2) disintegration of surfical deposits resulting 1n an
isolated mound. The latter mound forming process can occur outside the permafrost
zone and 1t should not be used in this specitic context. Washburn’s discussion did
attempt to apply @ process or genetic modifiers to the term palsa, however, at no
poimnt does Washburn describe the internal cryotic structure of palsas.

The cryotic stiucture of palsas 1s directly related to their mechanism of
formation. In a review of pingo and palsa literature Pissart, (1985) states that " All
autnors are i agreement that palsas are mounds which form following the formation
of scgregation ice 1n the ground.”.  The formation of segregated 1ce produces
alternating lavers of ice and peat or mineral soil. This is the primary definition of
palsas as proesented by the Permafrost Subcommittee, Associate Committee on
Geotechnical Research, National Research Council of Canada (1988, p.60).

The palsa surface ranges trom lush vegetation to bare peat. The vegetation
can nclude mosses or lichens, shrubs or mature trees. The surtace can also be
dissected by Luge fissures. Several attempts have been made to determine the age
of palsas however, a finite age has yet to be determined. Suggested ages range from
2450 years (Ashman, 1977) to newly forming palsas as described by Allard er al.
(1987).

Accordingly. the tollowing definition of a palsa, incorporating both genetic and
deseriptive criteriy denved trom this study and the Iiterature. 1s:

A palsa s a permatrost mound found n wetlands and composed of peat and
ot nuneral soll contamming segregated 1ce ienses. The posttive reliet of the palsa is the
1esult of the formation of 1ce lenses 1 the peat and mineral soil core rather than
normal accumulation of peat There should be no delimiting age or size range given
tot palsas as these are controlled by natural aggradation and degradation processes

that act on specific palsas.
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