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Finally in order to demonstrate universal applicétion

of aerial interpretation of muskeg a brief comparison of
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the analogous conditions of paludification and pattern in

Finnish and Canadian muskeg was given.
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INTRODUCTION

There is a very large number of‘botanical,Ageongi—
cal and physical studies on muskeg and peat based on field
investigation made‘directly‘at'ground level. In many in-
stances there is énough knowledge df muSkeg and peat
acquiféd through this approach to render further direct
field study unnecessary. Examples of studies based on
the ground observations and their applicafion to interpre-
tatién of certain muékeg conditions are those of Radforth
1962, and Kennedy 1963. | | |

In small countries with limited areas of muskeg
ground observations will usually satisfy the need of invest-
igation but in larger countries, as in Canada, a more pract-
ical and faéter method is'reéuiied. This was»recognizéd'
by Radforth in Canada when he deéeloped the first system )
for airphoto interpretation of muskeg (Radforth 1955a and
1958). The developmenf of the northern parts of Canada,
where the largest areas of muskeg are situated, moreover
has made airphoto interpretation increasingly important.
In somé cases, it is the only practical and reasonable way
of studying the probiems. In.the present study the use of
aerial photographs as the main method of investigatiop has

 been prompted by the inaccessibility of large northern
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muskeg areas by land and by a need as well to develop the
method itself. It is notéble that aerial photographic
interpretation has been used quite widely in the earth
sciences, engineering geology and plant geography but that
it still is a relatively fresh way of studying muskeg.
There still is a need to expose, in wide perspective, re-

lationship governing muskég organization if it exists.

The Use of Aerial Photographs in Botanical Studies

Before writing especially on the aerial photographic
studies of organic terrain, a short review of the applica-
tion of aerial interpretation to botany will be given be-
cause muskeg studies are very often botanical in their
nature. There is a great number of aerial works on agri-
culture and especially on forestry from the time period bet-
ween the two World Wars, but more or less purely botanical
application became strong only after World War II. Quite
a few of the earlier works were applied to mapping vegeta-
tion (Bennihghof 1950). Often they had a mérked military
slant because aerial photographs were, in many instances,
the only means of getting information about the areas held
by the enemy. Especially important was the use of aerial
interpretation of the ground condition by using the vegeta-
tion as an indicator (Colwell 1948). For e#ample, in one
of his works of fhis nature, Colwell (1948) gives a key of

the vegetational features for aerial interpretation of



tropical areas for military purposes. It is interesting

to note that he uses letters from A to M to denote differ-
‘ent cover types as Radforth uses A to I in his cover class-
ification system for the'organic terrain (Radfofth 1952)-
but the values for the lette; symbols are not comparable.
Of the other studies on aerial classification of vegetation
should be méntioned that by Wieélander and Wilson (1942).
In this paper} as in others, the vegetation is of great im-
portance in the analysis of the soils; it is used as an
indicator, for instance by Tomlinson and Brown (1962) and
Stone (1948). Another aerial study is that by Schantz and
Turner (1958) in Africa. Their emphasis is on changes of
the vegetation resulting from natural and cultural forces
as reflected by comparative aerial photography of identi-
cal areas taken at a thirty year interval.

. Different kinds of film have been analyzed as to
their adaptability to studies of vegetation. 0. W. Schulte
(1951) analyzed infrared, panchromatic and colour films for
the study of plant distribution. His main conclusion was
that while in some conditions and in certain regions some
films give better results than others the conditions may
be different in some other location. Thus,rresults should
not be generalized hastily. He maintains that the best
results may be obtained by using these three films in

concert.



The fact that vegetation can be used as an indi-
cator of geomorphicifeature and soil fype has been utilized
in aerial interpretation in Russia. For example, Zagrebina
. (1965) interpreted from aerial photographs the relation- .
ship between vegetatibn and the rock lithology‘in Yakutia
(USSR) and Leonteva (1965) déciphered solls from aerial
photos by using the vegetation as an indicator.

Also, it is helpful to refer to the utilization of
the vegetation and plant species in aerial interpretation
of hydrological conditibns in the landscape for instance
by Popova (1265) in Russia.

The new concept, spfcalled remqte sensing, has
opened new vistas for the biological use of different tech-
niques. One such device is "side-looking airborne radar"
(SLAR) which is used by the military for vegetation analy-
sis, but the results and even the photos have been classi-

fied and are out of the reach of civilian biologists. The

release of certain data a few years ago has enabled botanists

and other scientists to start using thisvmethod. Thére are
alieady many publicationé of the use of SLAR forAbotanical
and biological use in geﬁeral {(Moore and Simonett 1967),
Morain and Simonett'1966;‘Morain 1967). Some of the more
sophisticated methods like the use of infrared photography
are under developméntov‘Heat emission thermographically
recorded and its possible use in biology has been tried by

Colwell (1967). So-called multispectral sensing and its
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use in different fields also shows promise. Multispectral
sensing utilizes the infrared, visible and ultraviolet

regions of the spectrum in concert (Holter 1967).

Use of Aerial Photographic Interpretation in Organic Terrain
Studies

It is interesting to note that regardless of the
extensive use of aerial interpretation in more or less purely
botanical studies, its systematic utilization in organic
‘terrain research is quite recent and somewhat sporadic.

This situation is surprising when one realizes how comﬁoh
and extensive a phenomenon the organic terrain condition

is especially in the northern hemisphere. Some estimates
advise (Radforth 1962b) that in Canada there are approximately
500,000 square miles of organic terrain (about 130 million
hectares). According to Kivinen (1948), there ére "136
million hectares of muskeg in Russia; in Finland 10 million
hectares, and then in decreased order follow Sweden (5.3
million hectares), Poland (3.9 million hectares), Great
Britain and Ireland (2.5 million hectares), and Germany
(before World War II, 2.1 million hectares). These figures,
as well as a very extensive literature on organic terrain,
form a good indicatdr of the magnitude of the phenomenon
which ﬁay require interpretation. In organic terrain
studies generally, the older references reveal no systematic

application of aerial photographic interpretation. On the



-other hand, occasional aerial photos used in the initial
studies are available and sometimes apply to analysis of
muskeq, . Tﬁué, for.instance, Sjdrs illustréted his exten-
sive, mainly ecological study of Swedish muskeg with aerial
photos introducing an anélytical approach (Sj8rs 1948).
Belcher, as early as 1945, utilized aerial views of organic
terrain to explain the ground conditions.for engineering
purposes. Very commonly there are references to the'utili—
zation of aerial photos in muskeg studies as a meané and
approach for obtaining data of the conditions but without
showing the actual phbtos used in the work (Aartolahti 1965).
In some recent literature there are attempts to interpret»
from aerial phoéos whether a muskeg, of a part of it, is
minerotrophic or ombrotrophic (Ruuhij&rvi 1960). The.
Russiéns have carried out work on aerial ﬁhotographic in-
terpretatién of 'bog massifs' as their term ié translated
(Galkina 1964, Lebedeva 1964). The chronic problem with
the Russian literature seems to be its general unavailabil-
ity and when available the aerial photographs have been
_omitted from the text, and only diagrams of the result are
given as in the earlier mentioned works by Zagrebina (1965),
Leonteva (1965), and Popova (1965) to mention only a few
examples.

It is quite understandable that there are no specific
systems of aerial photograbhic interpretation for muskeg in

smaller countries, as in Finland and Sweden. The extent



of the organic terrain is not as vast as in Canada where,
for instance, it imposes a really sizeable obstacle to
access. !

If one considers the abundance of this kind of work
done in other fields, one begins to wonder why there is
such a dearth.of work . on muskeg. This may be because or-
ganic terrain has been assumed to be unorganized constitu-
tionally and thus uninterpretable from the air. Recurrence
of certain conditions and patterns which are the basic re-
quirements for an interpretive system has not been suffic-
iently stressed. 1In fact, organic ferrain, often apparently
unorganized to a casual observer, suggests organization
'foilowing more careful scrutiny.

The basis for systematic.aefial photographic inter-
pretation of organic terrain in this country was laid in
1952 when the Radforth classification for the cover types
of muskeg from observatiqn at ground level was published
(Radforth 1952). Appendix A offers a short description of
this system.

The need for the system had arisen from the fast-
growing interest in the development of the Northland and
from the engineering problems enéountered in the vast north-
ern muskeg areas. For an ébserver lacking botanical back-
ground fhis system of vegetal structure reference offers
a sound means for a relatively easy assessment of differ-

ent conditions in muskeg as for example in the go-no-go




condition determination'by a driver of an off-road vehicle.
The system is applicable to any muékeg in both hemispheres
with perhaps'minor adjustments to meet some regional condi-
tions. Figures 121 and 122 suggest how this system thr;qgh
analogy might be adaptable both to Finnish and Canadian |
muskeg, an idea which will be déveloped in a later section
of this thesis. This system of study at ground level ill-
ustrates how recurring environmental conditions form the
basis for a possible aeriéi_interpretation system for mhskeg.
The actual aerial interpretation was started with
the publication of,a system for altitudes less than 1000
feet (Radforth 1955b) in the form of a handbookﬁ It deals
.mostly with object indicators since it is fairly difficult
to discern any.patterhs from low’aléitude. Handbook 2
(Radforth 1955) on the other hand depicts an airform patt-
ern system for the altitudes from 1000 to 5000 feét (300~
1500 m ). There are six main patterns: Planoid, Apiculoid,
Vefmiculoid,'Cumgloid, Polygoid (polygonoid) and Intrusoid.
In addition to these, the Vermiculoid pattern is divided
into three secondary configurations: Vermiculoid I, II, and
III. Appendix B offers further information about this
éysteﬁ. |
Before Handbook 2 was published, airform patterns

for high altitude (30,060 feet; 9000. m ) had been described
(Radforth 1956a and b). There are five main patterns in

this system: Dermatoid, Stipploid, Terrazoid, Reticuloid



and Marbloid. Since the present author utilizes mainly
these high altitude patterns, their short description seems
reasonable in this context.

Briefly, they are described as follows:

Dermatoid: chiefly texturéless and plain, a simple cover
| lacking ornamentation (skinlike in the literal
sense) . ' |
Stipploid: constituted of closely applied dots.
Terrazoid: a patchwork mixture of two major muskeg types.
Reticuloid: network (with a varying mesh size).
Marbloid: an imaée of a polished marble surface.

Appendix C éffers further information about thié sys-
tem and about its relationship to the other systems and
cover classes and shows photographs of the actual patterns.

.This‘System'has given an initiation to.an organized
interpretatibh of muskeg from aerial photographs and it has
been used by some other authors already in their work
(Mollard 1960, Korpijaakko and Radforth 1965, Korpijaakko

1966).

Use of Aerial Photographic Interpretation in Permafrost
Studies

A large portion of the northern.muskeg lies in the
permafrost areas, either within the limits of the continuous
_ or discontinuous permaffost zone. This situation brings
into consideration the ice factor in organic terrain and

its effect on different muskeg studies. Since the present
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study endeavours to solve some problems which are a com-
bination of the ice factor and fhe organic terrain envir-
onment, if Seems reasonable to mention some exampies of the
ways in whiéh some researche;s have attempted to interpret
permafrost from the air.

The literature on permafrost studies is very ex-
tensive and a large portion of it is Russian. Reference
to it when pertinent will be made as tﬁe ensuing context
suggests and jno general réview will be attempted.

‘The attempts to recognize permafroét feétures in
airphoto interpretation are fairly numerous but only moder-
ate efforts have been made.toléonstruct a kéy to systems
of reéognizéble indicatofs as there are, for example, in
photo identification of glacial landforms (Powers 1951),
aﬂd vegetation (Colwell 1948); Belcher (1945) in his study
on the engineering significance of soilfpatterns claims
that vegetation alone may indicate the existence of perma-
frost. He suggests that in permanently frozen éfound plants
, with deep roots, for example large treés; do not survive
as weli as small shrubs, which thus may indicate possible
occurrence of frozen groﬁnd. He also refers to the poly-
gons as indiéators of frozen ground. Sager (1951) 1lists
in his more detailed study some features seen from the air
which helb in”fecbgnition of frozen conditions. Such fea-
' tures are for example polygons) ﬁingos, 'drunken forests',

cave-in lakes, and 'swampy' (quotation marks by the present
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author) muskeg conditions. He also deals with the ideas

of how these features can be utilized in soil studies,
trafficability investigations, etc., by using them together
with the knowledge they offer abouf the frost and ice con-
ditions. Black (1952) maintains in his aerial study on
permafrost that thé polygons are one Qf the main indicators
of the existence of permafrost. He also discusses their
use in aerial intérpretation of permanently frozen ground
in general. Many authors follow these iines more or less
‘and mention approximately the same features (poiygons,
'drunken forests', beaded streams, certain vegetational
features, drainage patterns, etc.) as'indicators of perma-
frost or sub-surface icé (Frost 1952, Krynine and Jude 1957,
Lueder 1959, Ray 1960, von Bandat 1962). These investiga-
~tions do not link permafrost with muskeg. Interest in the
use of aerial interpretation of ice conditions in muskeg

started with Mollard 1960.

" The Problems and Objectives of the Present Study

The above analysis indicates that although aerial
photographic interpretation is an accepted and widely used
research method and with other aerial reconnaissance methods
perhaps highly developed, the possibilities of using it
to gain better_understanding of organic terrain have not
yet been fully realized. Also from the standpoint of

national economics the need for the increased knowledge is
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unquestioned.

The application of the existing system for airphoto
interpretation of o?ganic terrain exposes new problems.

One critical problem relates to sub-surface ice. There is

a need to know whether tﬁe ice, if predictable, is seasonal
or the effect of permafrost, and if the latter, whether it

results from a continuous or discontinuous condition.

The initial probiem of this work was to reveal
whether it is possible fq predictithe nature and distri-
bution-of suﬁ—surface ice in mﬁskeg from the air on the
basis of certain observed phenomena and features as listed
below. To solve this problem a comprehensive treatment of
both general and detailed features of paludification(for-
mation of muskeqg) became necessary because, without account-
ing for them and using them as a foundation for the evidence,
it would have been difficult to explain clearly the genesis
of some features of muskeg aﬁd their relation to sub-surface
ice.

If one flies along a transect from the south to the
north across the southern limits of discontinuous and con-
tinuous permafrost zones he may observe that certain patterns
and features of organic terrain have an optimum distribution
and frequency of occurrence on areas of various types of
permafrost. Thus it appears that the Marbloid high altitude
airform pattern, H cover ciass (E-factor, lichens), some

smaller scale patterns such as polygons, traces of original
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soil circles, steps and stripes in organic terrain, thaw
lakes, and beaded and rectangular streams are closely re-
lated to the sub-surface ice conditions existing in muskeg.
The initial wofking hypothesis was that these features
might be used in the aerial photographic interpretation of
sub-surface ice conditions in muskeg.

The search for evidence for the initial hypothesis
revealed that pattern development was involved. Also to
account for this development an extensive treatment of
several aspects of paludification was necesséry and the
following approach was aéopted.

:First, to give a wide basic background for pattern
evolution a rather detailed account of the primary controls
of paludification, geology; geomorphology and climate, was
given. 1In the attached summaries is expressed the present
author's concépt of their effect on paludification.

fhe second section explains the features and phenomena
1isted.above which are apparently connected closely with
sub-surface in muskeq.

The third section traces the various stages in
pattern evolution and their distribution.

The fourth main section deals with the details of
abiotic and biotic features involved in the development of
Marbloid andlalso in the developmen£ of some other airform
patterns.

- The last section deals directly with the formation
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of various 'form objects' contributing to the airform patt-
ern. This section combines the knowledge of the effect of
the éeneral controls and interaction of abiotic and biotic
factors working in the pattern dévelopment acquired ih the
previous sections. |

By presenting this broad account starting with the
general controls of paludification followed by the summaries
with the author's interpretation of their effect on palud-
ification, physical properties, and mode of formation of
peat, it is hoped to reveal the mechanics of pattern de-
velopment and the close ties with sub-surface ice conditions.
Furthermore, this work is an attempt to furnish evidence
as a basis for using the listed phenomena and features in
aerial prediction of sub-surface ice conditions on muskeg.
It also is hoped to help reveal possible utilitarian appli-
cation. Indirectly, disclosure might help in scientific
procedures related to hydrology and reclamation of muskeg
for forestry and agriculture.

As an exercise in application of evidence there is a
short section dealing with the investigation of possible
analogous anditions of muskeg in tWo geographically widely
separated countries, Canada and Finland. The need for this
type of étudy is increasing with the possibility of photo-
graphing large areas of the earth from satellites. The

- analogy study draws into focus the confusion of terminology
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in the field of muskeg studies. This problem has been
hopefully met by the derivation of a glossary in which
expressions. and concepts in use in different countries have

been explained or where necessary compared.



METHODS

When possible the main aspects of method were in
accordance with the steps and sequence given below:
1. A preliminary airphoto study was made in the
' laboratory to select the areas for detailed
study (ground checks and low altitude flights).
2. Ground checks were made at predetermined loca-
' tions. This means that conclusions reached by
comparative airphoto study were checked on the
actual locations by verification on the ground
of the presence of geomorphic and vegetal con-
ditions identified in the photographs.

3. Additional low altitude flights were made to
resynthesize new evidence from step 2.

4. Final laboratory analysis and interpretation of
the data obtained through the above steps were
made in terms of large scale comparison.

In the preliminary study, high altitude (30;000 ft.)
airphotos were utilized'as a principal tool. In every poss-
ible case they were used to predetermine the desired areas
for further ground and low altitude studies. However, in
some cases, as in the flights over central and northern
Manitoba, this step was'nét used because of ihconsistencies
in field arrangements. On these occasions the‘ground checks
and low altitude flights were executed first.

A strong factor affecting the selection of the loca-

tions for ground checks was their accessibility, because in

.most of the muskeg areas of the north, there are no roads

16
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or railways. Also opportunities of procuring appropriate
air travel were‘slight.

Areas selected as representatives of distinctive
airphoto configurations were visited on the ground. Features
responsible for the configurations were notéd and the depth
to the permafrost, if present) were determined. The record
was suppleménted with ground photos both in black and
white and in colour.

| On each occasioh, where stsible, low altitude

flights were performed with additional photography (black

and white and colour) with conventional 35 mm cameras (f 50 mm).
Also, landings for ground checks in the places far frdm the
roads and railways were éxecuted when required.

The last step entailed evolution study by comparison
of the geomorphic and other data obtained‘from ground studies.
The ground photos were used as illustration aids in the
analygis and identification of the high altiﬁudé phdtographic
configuratioﬁs. Important tools in this studj were stereo-
scopes. For small scale work a pocketwsteréoscope with
magnification power of two (2 x)-manufaétured by Abrams
Instrument Corporation was used. For detailed inspection
a mirror stereoscopé with magnifipatibn powers of two (2 x)
and four and half (4.5 x) was utilized. The manufacturer
:is unknown but the piece of equipment used is identical to
a simple mirror stereoscope manufacturered by, for example,

Harrison Ryker, Inc.



DESCRIPTION OF STUDY AREAS

Location For Comparative Investigation

The study areas are scattered within wide limits
the approximate coordinates of which are 600 N latitude
and 45° W longitude and 50° 30' N latitude and 105° W
longitude. These limits include a wide fange of geologi-
cal and climatic differences. The actual locations and
designations of the ground study areas aﬁd of the low
altitude flights are aS follows (Figure 1):

Area 1. Cambridge Bay, Victoria Island, N.W.T.

This is the northernmost'study area. It is situéted
at 69° 8' N latitude and 104° 10' W longitude on the south-
ern coast of Victoria Island. Cambridge Bay was a centre
of embarkation for two low altitudé flights.

Flight 1 - This flight was performed at an altitude
of about 1000-2000 feet (300-600m) approximately 50 milés
(80 km) south of Cambridge Bay over the mainland on the
coast of Kent Peninsula. No ground checks Were possible
except in the vicinity of Cambridge Bay. Photographs both
in colour and black énd white were £aken.

Flight 2 - This flight consisted of a tonday trip

to a point about 400 miles (650 km) . east of Cambridge Bay-
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It was executed over the southeastern corner of Victoria
Island, over Royal Geégraphical Society Islands to Gjoa
Haven on King William Island where there was a short stop-
over (68° 50' N latitude, 94° 40' W longitude). From there
the flight continued eastward across the stem of Boothia
Peninsula to Pelly Bay on Melville Peninsula (68C 30' N lat-
itude, 890 50' W longitude) which was the point of return
to Cambridge Bay. Ground checks were limited to Pelly Bay.
Extensive photography was done from the altitudes of 1000-
2000 feet (300-600 m).

Flight 3 - This flight was made following the route
Cambfidge Bay-Cape Parry-Coppermine-Yellowknife-The Pas-
Winnipeg. Photography was possible oniy between Coppermine
and The Pas due to the weather and light conditions. The

flying altitude was 10,000 feet (3000 m).

Area 2. Churchill, Manitoba
Churchill is in northern Mahitoba on Hudson Bay at
580 45' N latitude and 94° 10' W longitude. Only ground

studies were made in this locality.

~ Area 3. Chesnaye, Manitoba-

Chesnaye, where ground studies were also made, is
a siding on the Hudson Bay railway about 50 miles (80 km)
south of Churchill at 58° 10' N latitude and 94° 10' W

longitude. Also here only ground studies were executed.
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Area 4. Thompson, Manitoba

Thompson is situated at 56° 45' N latitude and 97°
50° W.longitude,; Some ground studies on different examples
of confined muskeg (Radforth 1963) were done here.

Flight 4 - Thié involved a two-day trip in northern
Manitoba along the route The Pas-Norway House-Ilford-
~Charlebois-Ilford-Lynn Lake—The Pas. The altitude was about
1000 feet (300 m) and a large number of photos was taken.
Ground studies were conducted in five locations as follows
(areas 5-9 incl.):

Area 5. A small unnamed lake about 20 miles (30 km) south
of Wekusko (a small station by the Hudson Bay railway).

This area is situated at 54© 15' N latitude and
990 40' W longitude. The muskeg studied here is overgrowing

the lake.

Area 6. Ilford
Ilford is a station by the Hudson Bay railwéy about
210 miles (340 km) south of Churchill along the tracks

at 560 51' N latitude and 95° 35' W longitude.

Area 7. The vicinity of a small lake about 10.5 miles (17
km) west of Charlebois (a small station about 125 miles
(200 km) south of Churchill.

This area is situated at 56° 40' N latitude and 94°

W longitude.
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Area 8. BAssean Lake 56° 10' N latitude, 960 35' W longi-

tude) about 28 miles (45 km) west of Ilford.

~ Area 9. A muskeg by a small lake about 30 miles (50 km)
south of Lynn Lake at 54° 52' N latitude and 101° 10" W
longitﬁde. .

Flight.S ~ was executed in Manitoba also. It was
effected by a helicdpter in central Manitoba between Lake
Winnipeg and Lake Winnipegosis. The flight altitude varied
from 100 to 400 feet (30 - 120 km). Three ground checks

--were performed as follows:

Area 10. About a mile north of Chitek Lake at 52° 30' N

latitude and 99°© 10' W longitude.

Area 11. About 8 miles (13 km) north of Katimik Lake at

520 55' N latitude and 990 10' W longitude.

Area 12. About 3 miles'(S km) east of Devil's Lake at 52°

25' N latitude and 98° 50' W longitude.

Area 13. A two-day study was extended to southeastern Man-
itoba where Precambrian changes over to Palaeozoic and
where there is a transition between confined and unconfined

muskeqg.

Area 14. 1In Ontario the initial ground and low altitude
studies were carried out in Parry Sound at 45° 25' N lati-

tude and 80° W longitude.
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Area 15. Situated at Moosonee at the estuary of Moose River
on James Bay at 51° 15' N latitude and 80° 40° W longitude.
Ground investigation was done here to accompany airphoto

study on high altitude photos in the laboratory.

Area 16. This is about a 15 mile (25 km) long stretch from
Ranoke (110 km = 70 miles south of Moosonee, at 50° 25' N
latitude and 81° 40° W longitude) to Otter Rapids (135 km
= 85 miles south of Moosonee, at 50° 10' N latitude and
81° 40' W longitude). 1In this area gréund studies were
performed throughout.

Flight 6 - The last remaining areas are in Newfound-
land where a few aerial photos were taken from é commercial

aircraft between St. John's and Gander, Gander and Stephen-

ville, and between Stephenville and Port aux Basgues.

Area 17. The ground check locations in the vicinity of
St. John's (approximately 47°© 35' N latitude and 52° 40' W

longitude).

Area 18. The ground check points near Gander (49° N lati-

tude and 54° 35' W longitude).

Area 19. The ground check points close to Stephenville

(48° 30' N latitude and 58° 25' W longitude).
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Geological and Physiographical Aspects

Because géology and physiography are of prime im-
portance in controlling paludification and because the under-
standing of thevbasic background of paludification is a
basic requirement for clearer understanding of pattern
evolution, a rather detailed description of the geological
‘and phfsiographical features of the study areas is given
with a summary of theif effect on paludification as in-
térpreted by the present author.

Most of the study areas lie within the limits of
four main physiographic regions of Canada, and include the
Canadian Shield, Arctic Archipelago, Hudson Bay Lowland
and Interior Lowlands. (Department of Mines 1963, Putnam
et al 1963). Thus both Precambrian and Palaeozoic forma-
tions are involved in this investigation.

Area 1 and Flight 2 from Cambridge Bay to the western
fringe of Boothia ﬁeninsula lie within Arctic Lowlands
Plains and spécifically in the Eastern Victoria Lowland
(Figufe 2). This area is low in reiief and the elevations
rarely reach over 300 feet (90 m) above sea level. There
is one exception; Mount Pelly, over 600 feet, near Cambridge
Bay (Dunbar and Greenaway 1956). This region is underlain
by flat-lying Palaeozoic strata. Geologically this’region
is known as Victoria Strait Basin (Figure 2) (Dept. of

Mines 1963). Bedrock outcrops occur to some extent but



PACIEIC

B

northern North America

T Areas covered by glacil taken

/ " Scale ot Miles
w0 ° 100 )
To accompany Ecomomic Geology Series Na. 1, Fourth edition

Guological Survey of Canads /

A o
{ Ap . ;‘.\? B
Glacial lakes and marine overlap in y j‘w e
y

00" o

. LEGEND g
L{ //4 Areas of mwimum maring overlap é

E

Fig. 3. Glacial lakes and marine overlap in northern North
America (From Geology and Economic Minerals of Canada. Dept.

of Mines and Technical Surveys, 1963).

9



27

mostly the ground is covered by glacial drift and also by
shallow organi¢ terrain. The glacial deposits are commonly
drumliné, eskers and fluted moraines. It is assumed that .
these are evidende of Laurentian glaciation and that Victoria
Island may have had its own ice cap at a later stage of de-
"glaciation (Dept. of Mines 1963); In many places these glac-
“ial deposits'show signs of having been reworked by the sea
and old beachlines‘are a common and conspicuous feature.
The map showing the marine overlap in northern North America
(Figure 3) refers to this ﬁossibility (Dept. of Mines 1963).

The drainage of these regions, qguite irregular, youth—
ful and poorly integrated, has pot had opportunity to develop‘
during the short time elapsed since the last glaciation and
also shows the influence of permafroét on the drainage. The
relatiﬁe smoothness 6f the relief may contribute to the poor
integration of the drainage systenmn. The area 1is dotted with
thousands of smail lakes of which many are possibly thaw
1akgs typifying permafrost country: |

The eastern portion of Flight é from the western fringe
of Boothia Peninsula to Pelly Bay crosses a physibgraphic
region designated as Uplands of Crystélline Rocks and specif-
ically known as the Boothiaésomerset Uplands (Figure 2)
(Dept. of Mines 1963). Geologicall&, this area coincides
with the Boothia Arch (Figure 4). It is composed of Pre-

cambrian rocks, mainly of granites and gneisses. The relief
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is quite bold in contrast to the Eastern Victoria Lowlands.
The elevations reach up to 1000-2000 feet (300—600Vm) above
sea level and bedrock outcrops are numerous.’ There is some
glacial drift with easterly orientationiespecially on
Boothia Isthmus where the flight crosses Boothia Area (Dun-
bar and Greenaway 1956; Dept. of Minés 1957). Some shallow
organic terrain éan be seen in depressions and also on the
slopes almost‘anywhere in this area (Figure 7).

| 'Flight 1 over Kent Peninsula is on Precambrian Shield.
Nevertheless, this area has relatively smooth relief and
the elevations do not exceed 600 feet (180 m) (Dunbar and
Greenaway 1956). Geologically; it is a part of the so-called
Wellipgton Arch which éxtends to the central parts of Vic-
toria Island (Figure 4). The roéks.arg mostly Proterozoic
volcanic and sedimentary focks (Dept. of Mines 1963). Here
also incipient organic terrain is guite common and is located
often on the slight gradients (Figure 66).

Flight 3 between Coppermine (N.W.T.) and Flin Flon
(Manitoba) also crosses the PrecambrianACanadian shield with
its intrﬁsivés blended with sedimentaiy and volcanic rocks.
The relief near Coppermine and south of it seems to be rela-
}tively smooth with rounded hills. This smobthness prevails
almost to the Yeilowknife area and also shows clear evidence
of glaciétion. Eskers especially are easily discernible
from the air. Their orientation points towards ﬁhe RKeewatin

ice divide in the easterly direction. The rather smooth




50

relief near Coppermine offers possibilities for unconfined
development of organic terrain which is incipient. Towards
the south near Yellowknife and between it and Flin Flon

the relief is still quite low, about 2000 feet above sea-
level, but its detail is rugged partly due to the gouging
effect of the continental ice during glaciation. Rock
outcrops are numerous and the organic terrain is confined
to pockets in the terrain.

Just south of Flin Flon flight 3 passes over a phys-
iographic area called the Interior Plains, and more specifi-
cally here the First Prairie Plain or the Manitoba Lowland
(Putnam et al 1963) (Figure 5). Geologically, this area is
composed of Palaeozoic roéks and includes Ordovician, Silur-
ian and Devonian limestones with gypsum in the Silurian beds
(Putnam et al 1963). This area is very flat and low-lying
and does not exceed 1000 feet (300 m) above sea level in
height. There are numerous large lakes, for example, Lake
Winnipeg, Lake Winnipegosis and Cedar Lake which are remnants
of the ancient Lake Agassiz once estimated to have covered
an area of 110,000 square miles (275,000 sq. km) (Putnam
et al 1963, Dept. of Mines 1957). Near Winnipeg this area
is covered with thick layers of fertile clays but to the
north, between Lake Winni?eg and Lake Winnipegosis and Cedar
Lake, the soil is thin and mostly organic with tendencies

to extend over unconfined areas. Drumlins and old beach-

lines of Lake Agassiz are conspicuous and often affect the




aa)
sesll 3
00 97 4
| otP

.

[} Y, N‘;‘--/
'.. "fk:*‘».:“::; / : !

‘Fig. 5. Physiographic Regions of the Prairie Provinces (After Putnam et |
al, 1963).

%



32

occurrence and distribution of-muskeg (Figure 16). Flight
5, a short portion of Flight 4 between The Pas and Norway
House and the Areas 5, 10, 11 and 12 also lie within the
limits of this physiographic and geological region (Figure
5).

Flight 4 and Areas 4, 6, 8 and 9 from Norway House
to Ilford, pynn Lake and back to The Pas chiefly cover Pre-
cambrian rocks. The relief is guite low, and the elevation
is mostly under 1000 feet (300 m) abo&e sea level as the
measurements along the Hudson Bay railway show (Ehrlich et
al 1959). The country here is dotted by thousands of lakes
as a result of the last glaciation. Rock outcrops are
numerous andithe drainage features indicate 'youthful' con-
ditions since there are only a few well-developed riveri
systems. Muskeg is mostly confined in depressions. It
appears in an unconfined condition only near Ilford where
it extends continuously over iarge areas. The Canadian
Shield near Ilford is quite smooth and low and between
Gillam and Charlebois, it is transformed almost impercept-
ibly into the Hudson Bay Lowland with its Palaeozoic rocks.
Part of Flight 4 and Areas 2, 3 and 7 are situated in this
last mentioned region. This area,vcharacterized by flatness
and poor drainége, is overlain by extensive tracts of or-
ganic terrain and contains argréat number of small lakes.
The area haé been covered by the sea during the maximum

marine overlap (Figure. 3) (Dept. of Mines 1957).



53

Area 13 (southeastern Manitobaj and Afea 16 (northern
Ontario) are comparable with each other since they both are
in thertransitioh zone betweén the Canadian Shield and
Palaeozoic Lowlands. In the case of Area 13, the transi-
tion is between the Canadian Shield and the Manitoba Low-
land, whereas Area 16 traverses the Canadian Shield and the
Hudson Bay Lowland with its Palaeozoic rocks and quite smooth
flat topography. Area 13 is more rugged with numerous rock
outcrops and lakes whereas in Area 16( there is heavier over-
burden of glacial origin. The rock outcrops here are less
numerous and the topography is more gently rolling. Lacustrine
deposits cover large areas and muskeg is more extensive in
this Precambrian region than it is in that of Area 13. The
Hudson Bay Lowland here is very flat as it is in the.north°
Here it is treed though it is only about 30 miles (50 km)
south of Moosonee. Lakes are less numerous here than in the
treeless permafrost area farther north. The main conformity
between Area 13 and these northern Ontario areas (15 and 16)
is the Qradual transformation of organic terrain from a con-
fined into an unconfined condition associated with the change
of Precambrian Canadian Shield into Palaeozoic Lowland areas
(Figure 17).

Area 14 is also situated in the Canadian Shield and
with its rugged rocky topography shows all the physiographic
characteristics that have been mentioned earlier for other

areas which also lie in the Canadian Shield, cf. Area 4, ctc.
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Areas 17, 18 and 19 and Flight 6 in Newfoundland
lie in the Appalachian Physiographic Region (Figure 6).
Area 17 lies in the so-called Atlantic Uplands of Newfound-
land (Dept. of Mines 1963). This area is commonly between
100 and 600 feet (30-180m) above sea level. It displays
quite a gently rolling relief except where river flow has
been strong énough to erode it. The rocksAin this area are
mostly Precambrian sedimentary rocks with a few Palaeozoic
outliers., Muskeg occurs commonly on slopes (Figure 7),
except in the most rugged areas where it is confined to
.the depressions provided by the topography.

Area 18 is in the Central Lowlands of Newfoundland
and specifically in the Notre Dame Lowland (Dept. of Mines
1963). This area is gently'rolling,'largely covered with
heavy overburden, and éenerally sharply separated from
the surrounding regions~of intrusive rocks. It is mainly
underlain by Palaeozoic (especially Ordivician) sedimentary
rocks (Putnam et al. 1963, Dept. of Minés 1963). The re-
lief is generally under 500 feet (150 mf above sea level.

Area 19 is situated by the border of two physio-
graphic sub-regions, namely, the Central Newfoundland Low-
lands and the Newfoundland Highlands (Lewis Hills - Long
Range) (Dept. of Mines 1963). The characteristics of the
lowlands were discussed above. The highlands are, as a
rule, gquite rugged (Figure 8) and the relief varies from

600-700 feet (180-210 m) up to an occasional peak of 2,000



Fig. 7. Large virtually unconfined ombrogenic muskeg
in Colinet, Nfld. Cover in the foreground is HE
(lichen is>in this oblique view hidden by shrubs)

and FI in the background.

Fig. 8. Unconfined ombrogenic muskeg near
Stephenville, Nfld. Note how paludification takes

place on rather steep slopes. Main cover is EI.
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feet (600 m). Area 19 is in the region where the hills are
still quite gently rolling although rathervhigh. The

gentle amplitude may occur because this area is underlain
largely by undivided Palaeozoic sedimentary rocks and

partly by ordovician and Cambrian sedimentary rocks. Or-
ganic terrain here displays a strange tendency to form quite
unconfined mats over rather steep slopes.

The unconsolidated deposits in Newfoundland testify
that the island has been under the influence of glaciation.
According to Putnam (1963), there seem to have been at least
two or even more periods of glaciation. It seems that the
island was completely covered with glacier ice in Wisconsin
time and thét Labrador-derived ice invaded fhe island at
the maximum of the Wisconsin glaciation. Later, during
the deglaciation, Newfoundland developed ice caps of its
own and from these the ice spread in all directions cutting
deep valleys and debositing till in a complex pattern

(Dept. of Mines 1963).

The Effect of Underlying Mineral Soil and Topography on

Paludification

The efféct of geology on paludification is mainly in-
direct through the influence of the underlying soil type
and topography. The following is a short summary of the
influence of these two factors on paludification as inter-

preted by the present author. In addition to shed more light
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on the edaphic causes and controls of paludification in
general it is hoped that this section will provide back-
ground information in accounting for distribution of con-
fined muskeg as contrasted with that of unconfined. Thus
it is hoped also to explain indirectly the large scale con-
trol by topography of the distribution of Marbloid airform
pattern. It becomes evident that most ofrthe high alti-
tude airform patterns, to appear as such on aeriél photo-
'_graphs, rquire unconfined muskeg conditions due to the
scale factor.

The latest glaciation cdvered all the study areas
as Figufe 9 reveals. There were two major ice-divides, one.
northwest of Hudson Bay, the Keewatin ice-divide, and
another one east of Hudson Bay, the .Labrador ice—divide°

In the study areas glaciation distribﬁted sqils
which are impervious to the water because 1arge ice sheets
deposited till and the large glacial lakes acted as basins
for|sedimentation of the impervious clays. This condition
has favoured paludification for which excess water is needed.
' The condition is still progressing wherever the environment
favours it.

Quite often the soil is‘impervious in Areas 1 to 9
because of permafrost, but only areas 1 and 2 are in the
zone of continuous permafrost. The other areas are in the
discontinuous permafrost zone where the properties of the

underlying soil are the most significant factors encouraging
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paludification. In Areas 2, 3, 15 and 16, glaciation in
addition to permafrost, has supported the marked paiudifica—
tion. This condition fepresents activity which commenced

as a widespread phenomenon following deglaciation and after
the land area had been depressed several hundred feet by

the weight of the ice. When these areas wefe covered by

the sea, the blanket of sediments that ensued retained
surface water enabling muskeg'to form later (paludification).

Areas 6 and 7 do not seem to have been inundated
(cf. Figure 3, depicting the maximum extent of glacial lakes
and‘marine overlap). These areas however bear large amounts
of till which also serves as a good foundation for paludi-
fication. The same applies to Areas 17 to 19 although
climatic factors are there more influential in determining
paludification.

Areas 4 and 5 and 9 to 13 have been inundated also
and the resulting sediments play a partial role in forming
impervious soils. This is especially true for Areas 5 and
10 to 12 which areAin the Manitoba Lowland area (Figure 5)
where Lake Agassiz has deposited large areas of rich clays
and where the topography is flat and provides ideal con-
ditions for paludification.

Area 13 is also partly in this region but partly it
is affected very strongly by the Precambrian Shield.

Probably Area 14 was inundated several times but the

imperviousness of glacial drift and sediments does not play




as large a role in paludification of this area as does
the ruggedness of the rocky topography.

In all study areas, Area 1 excepted because of its
limiting climate, muskeg has developed persistently and ex-
tensively. Often the effects of climate and underlying
mineral terrain are overidden by the topographic factor.
The division of muskeg into two groups, confined and un-
confined (Radforth 1963), indirectly recognizes topographic
effect though this circumstance has not been-explained.
Actually to a certain extent the major effect of topography
on paludification is that it determines the size and depth
of the muskeg area.

A confined muskeg with its size limited by certain
factors such as topography is referred to in some countries
by the term peat bog. Areas 4, 8, 9 and 14 in the typical
Precambrian Shield country with its relatively rugged top-
ography and few expanses show this condition favourably.
Muskeg is characteristically confined to the depressions,
because the climate is not humid enough to encourage over-
growth. Thus, these areas comprise mostly small muskegs
which sometimes appear in qontiguous linear formations
when they are interconnected by narrow strips of muskeg in
'narrow depressions which often are paludified drainage chan-
nels. Figure 10 is an example of typical confined muskeg
in Area 14 just north of Parry Sound, Ontario. This muskeg,

or peat bog as it could be called, .is entirely surrounded
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-

Fig. 10. Low altitude (1000') oblique view of confined
muskeg in the Precambrian Shield near Parry Sound,

Ontario. Cover is mainly FI and EFI.

Fig. 11. Small lake partly filled by muskeg near

Parry Sound, Ontario.
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by rocks and has some 1acﬁstrine sediments under the peat
suggesting that it has been a smal} lake éubsequently
filled by paludification. Figure 11 shbws another example
of a peat bog and indicates how a sméll iake is gradually
being invaded by peat-forming vegetation. This is also

in Area 14.

Despite low humidity and rugged topography paludi-
fication other than tha£ arising in lakes may occur, and
indeed may be common. Detailed studies in Finland have
shown that in the Qestérn coastal'areas lake paludification
accounts for only about 5-10% of the total muskeg area
(Backman 1919f. Recent studies now indicate that in central
Finland too the significance of lake paludification is not
as great as it waé once thought (M.L. Korpijaakko 1966) .

The small peat bogs shown in Figure 10 frequently
develop into larger ones or into a network of bogs by en-
croaching on the surrounding terrain. Once the peat deposits
have developed to such depth that they rise higher than the
surrounding mineral terrain'water spills over the edges of
their shallow basins. Very often confined bogs are
surrounded by a wet zone where the peat is still very shallow
or almost absent but whefe there is often even free water
being slowly pushed into the neighbouring mineral terrain.
Frequently, in this zone there are dead and dying trees in-
dicating that paludification is encroaching on the surround-

ing mineral terrain. This is an example of what is called
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a "lagg" and Figure 12 shows a low altitude photo of a
_typiqgl lagg in Area 14. Note, in this photo, the dying
'trees and the abundance of water in the lagg. The lagg
indicates also that the céntre of the muskeg in question is
higher than its edges are.

Areas 2, 3, 5, 6; 7, 10 to 12 and 15 are in a reg-
ion of a less rugéed topography than those discussed above.
There is tendenéy towards the unconfined condition in the
muskeg of these areas. Thus although Areas 6 and 7 are in
the Precambrian Shield.region, the muskeg is not confined
(the common condition in this landscape) mainly because of
the smoothness of these parts of the Precambrian Shield.

Areas 2, 3 and 15 are on the flat Palaeozoic Hudson
Bay Lowland region which, topographically, is most favour-
able for the development of unconfined muskeg. Also with
climatic and edaphic factors being favourable, paludifica-
tion dominétes. Paludification here is furtﬁer enhanced
by the fact that these areas are still under the influence
of the crustal uplift which has been taking place since the
ice masses disappeared. The‘uplift makes the drainage diff-
icult in this area by slowing it down. Water has found its

~way into the sea thfough new areas which are constantly
"emerging from the sea and where drainage has not had time
to develop as well as it has in areas further inland. Also,
the uplift is on a differential basis here so that the

rate of 1ift is higher near the sea than inland where it
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Fig. 12. Low altitude (500') oblique view of lagg in
a confined muskeg in Parry Souﬁd, Ontario. Note the
dying trees (C) in the wet lagg just at demarcation
between mineral terrain (B) and muskeg (A). Activity

of beaver has helped raise water level in this muskeg.

Fig. 13. Wet unconfined muskeg near Moosonee, Ontario.
High transient water regime helps the growth of
Typha (cover class C) locally. General cover is BFI,

where B is formed by Larix laricina.
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gradually diminishes to zero; This, of‘course, tends to
render these areas even more water-saturated and thus
more ;usceptible to paludification. Figures 38, 41 and 44
among others show repfesentative conditions in the muskeg
in Hudson Bay Lowland areés in Study Area 3.

Figures 13 and 14 are examples.of unconfined very
wet muskeg in afea 15. Figure 14 shows an area which re-

veals quite a few characteristics of a "raised bog" (cf.
Glossary) in a limited area withinvunconfined‘muskeg,a con-
dition not uncommon in the Moosonee area in northern Ontario.
‘Areas 5 and 10 to 12 are on the Palaeozoic Manitoba

Lowlands regién (Figure 5), the area once covéred by the
glacial Lake Agaséiz. Unconfined‘paludification, the
common ¢ondition, is to be expected despite the climate
which is insufficiently cool and humid to contribute to the
development of the extensive muskeg areas found. In this
case topogréphié and edaphic factors combine to supply the
- highly favourable.conaitions'for muskeg formatibna' Figure
15vshows a low altitude aerial view over part of Area 1l.

~ Figure 16 is a stereopair from Area 11 also showing
the effect of glacial topoéraphy on the distribution of
muskeg. In this photo, there is a curved beachline of
Lake Agassiz. Areas above the upper part of the beachline
and below the lower pért of it are covered by extensive un-
confined muskegs which lie in the basin of Lake Agassiz.

The upper beachline has dammed water in small ponds above
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Fig. 14. Unconfined muskeg in Area 16 near Coral
Rapids, Ontario. Main cover here is BEI, where B

is formed by Picea mariana. This location is rep-

resentative of one of the dark areas of Figure 17.

Fig. 15. Low altitude (300') oblique view of uncon-
fined muskeg in Area 11, central Manitoba. Light
yellowish colour is rendered by FI cover. Dark
magenta areas have EI‘covervwhile treed areas

display AEI cover.
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it and between a group.of drumlins perpendicular to it.

_The drumlins indicate that the movement of the ice in this
loqation has been almost exactly from the north. It is
interesting to note that between the'drUmlins and above
the beachline fhere are small confined bogs with pattern
oriented at right angles to the gradient.

Here is a good example of how ﬁhe topogfapﬁy may
determine the siie’of muskeg’areas{ ‘Paludification between
the drumlins probably commenced by thé filling in of ponds,
a process still in progress as tﬁe open character of re-
‘maining ponds suggests. The conditién was generated be-
cause the underlying till was impervioué and facilitated
- the maintenance of the ponds between the drumlins. In the
unconfined muskeg of the flatter topography, thé underlying
mineral soil is clay deposited on the bottom ofAformer Lake
Agassiz.

Areas 13 and 16 are'probably the most ihteresting
in regard to the effect of topography on paludification.
They are both only partly on the rugged Precambrian terrain.
Area 13 is also partly in the flat Manitoba Liowland and
Area 16 on the flat Hudson Bay Lowland area. Figure 17 1is
a mosaic compiled from high altitude aerial photographs of
Area 16 to show,ﬁhe effect of topography cn paludification
and especially how it affects the distribution of confined
and unconfined ﬁuskeg. To the left on the mosaic is the

Precambrian Shield with its relatively rugged topography.



Fig.

-

16. High altitude (30,000') vertical

stereopair of confined and unconfined muskeg
in central Manitoba between Lake Winnipeg and
Lake Winnipegosis just north of Lake Tikimaki.

A =
B =
C =
D:

ancient beachlines of Lake Agassiz.
areas of unconfined muskeg.

drumlins.

confined muskeg with reticulate pattern.

This pattern implies existence of eccentric
raised bog.
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There the muskeg areas are confined and in some areas quite
small as the outlines show. But nearer the centre of the _
a?ea shown in the figure, the examples‘of muskeg become
progressively more numerous and eventually form a network

in which muskeg area increases as the demércationvbetween

the Precambrian and‘Palaeozoic is approached. This line

is approximately in the middle of the mosaic as marked. To
the right of it lies the Palaecozoic Hudson Bay Lowland. Here
the topograéhy is remarkably flat and.is reflected immed-
iately by the sudden expansiveness of unconfined muskeg.

Iﬁ this example one finds again the areas of muskeg
with characteristics of raised bogs encountered in the
groundQIevel view shown in Figure 14,

Areas 17 to 19 provide peculiar characteristics in
relation to the factors affecting paludification. 1In
these areas even rugged topoéraphy has not limited paludi-
fication. Muskeg has formed in large unconfined areas.
It occurs on steep hillsides and even covers small steep
hillocks as Figures 7 and 8 testify. Here the major mode
of paludification is encouraged by the relatively high
humidity of the cool moist climate. Paludification in these
circumstances is neither confined to flat areas nﬁr to im-
pervious soils but climbs hills and extends over well-

drained soils.



Fig. 17. High altitude (30,000') mosaic from Study
Areas 15 -~ 16 in Otter Rapids - Coral Rapids region,
northern Ontario. This figure shows gradual change
from confined muskeg of the Precambfian areas to
unconfined muskeg of Palaeozoic Hudson Bay Lowland.
Broken line is the approximate demarcation between the
Precambrian Shield on the left and the Palaeozoic
Hudson Bay Lowlandkon the right. Outlined areas (CM)
denote confined muskeg. Unconfined muskeé is marked
with letters (UM).

A = remnants of old Marbloid.peat plateaus with

BEI cover where B is formed by Picea mariana.

B = areas with higher water regime with BFI cover.

B in this case is formed by Larix laricina.

PA

Palacozoic formations.

1l

PR Precambrian formations.
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Climate

Climate together with geological and physiographical
factors forms the second major control of paludification;/.
Quite often it has been falsely maintained that climate
alone would be the only factor ccntrolling»paludificatioﬁ.-
To establish é sound background for the present study a
general account of various climatic aspects which affect
muskeg formation have been given. Their importance in
this connection grows because the climate also controls
the distribution of permafrost and thus a major phase of
sub-surface ice in muskeg. It is also hoped that this
section with its summary will rectify the erroneous con-
cept of the overall importance of climate alone or some
indi?idual climatic aspects alone being the prime controllers
of paludifiqation and will establish that there is an inter-
action of edaphic, climatic,-and biotic environment con-

tributing to paludification.

1. General Climatic Regions of the Study Areas

To give a comprehensive account of the general cli-
matic conditions of the study areas where these have bear-
ing on the problem under study, Koppen's climatic classi-
- fication system has been used because it gives substantial
amounts of quantitative data and is also in common use in
several atlases, for example the Atlas of Canada (Dept. of

Mines and Techn. Surveys, Atlas of Canada, 1957). Also the
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Thornthwaite system has been used particularly for moisture
index. L

Figure 18 displays the major climatic regions within
which the study areas lie. Area 1 and Flights 1 and 2 as
well as part of Flight 3 are situated in the polar climate
region, specifically iﬁ the tundra climate region. This
region is denoted by the letters ET. E refers to the polar
climates in general; cool climates with the average annual
temperature below 50° F (10° C¢). T specifies further that
the average temperature of the warmest month is between 32°
and 50° F (0° - 10° ).

The rest of the study areas 1ié under the influence
of cold forest climates (symbol D). These are climates with
severe winters. The average temperature of the coldest
month stays below 32° F (0° C) and the average temperature
of the warmest montﬁ is above 50° F (10° C).

Areas 2 to 4, 6 to 9, 15 and 17, and Flight 3 between
Coppermine (N.W.T.) and Flin Flon (Man.) and most of Flight
4 are characterized according to the influence of climatic
group denoted by Dfc. D-climate is characterized by general
humidity without any dry season so that the driest month in
the summer receives 30 mm (1.2 in.) of rain. The.wettest
winter month is less than 3 times wetter than the driest
winter month. All this is denoted by the letter f£. Letter
c specifies that the average temperature of from one to three

months is 50° F (10° C) or above and that during the warmest
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‘month the averagé temperatﬁre stays below 71.6° F (22° C).
Areas 5, 10 to 12, 14 and 16 to 19 as well as Flights

5 and 6 belong.to the subgroup Dfb. The letter b specifies

that the average teﬁperéture of each of the warmest month

is 50°>F (10° C) or higher, and that the temperature of: the

warmest month is below 'fl.6O F (22° C) (Treﬁartha 1954;

Critchfield 1966).

2. Temperature Effects

Often the significance of temperature has been unduly
emphasized as.the méin factor in the process of paludifica-
tion and in the distribution of organic terrain. The wide
distribution of muskeg over large areas, not only in the
temperate aiéas, but also.in the high arctic as in Elles-
mere Island near the ice cap (Radfofth 1965), and in the sub-
tropical areas, not only at high elevation, but also in low
lying locations as in Florida (Radforth 1965) indicates that
the temperature cannot be the only factor affecting palud-
ification. Temperature is important, but only when it acts
‘in concert with some other climatic factors, such as humid-
ity, etc.

‘Fiéure 19 displays the mean annual temperatures of
Canada (Thomas 1953). This illustration reveals that the
average temperatures of thé étudy areas are within wide
limits. The highest, about 40° F (4.50 C), is encountered in

Areas 14, 17 and 19, and the lowest value, about 5° F (-15° C),
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in Area 1.

Figure 19 shows the characteristic curVature of the
isotherms towards the south in the Hudson Bay-Gréat Lakes
area, and towards the north, east and west of themn. This ié
attributaﬁle to the moderating effect of the oceaﬁs and of
the‘large water bodies of Hudson.Bay and the Great Lakes.
Also the position of the Rockies as a modifier of the west-
erly éir mass circulation pattern is believed to have its
effect updn‘this curvature. |

The large water bodies with their high heat capacities
exert‘a'stronger moderating influence on extreme temperatures
by repressing their peaks. This is shown by the maps of the
January and July mean daily maximum témperatures (Figures
20 and 21). In the winter the isotherms curve to the north
in the coastal areas and to south in the central areas,
while in the summef they tend to stay far south in the coastal
areas. In the winter, the northwésterlf cold air maéses keep
the.Hudson Bay areas cool, regardless of the heat capacity of
' the water mass. In the summer, the.same'happens because of
the cooling effect of the cold water masses.

For the vegetation, and thus forlthe paludification as
a function of the growth of certain plants, the most import-
ant temperature features are fhose governing the summer half
of the year when vegetative growth is possible. Figure 22
illustrates the time during which the mean temperatures stay

above 329 F (0° C).

'
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Area 1 and Flights lband 2 have a frost-free period
of about 40 to 60'aays. One should note the vicinity of
Great Slave Lake where the frost-free period is longer than
~in the immediate surroundings (80 days versus 60 déys)w
This is presumably because 6f the moderating effect of the
high heat capacity of this large lake.

" Areas 2, 6, 7 and 15 aré between 60 and 80 day limité°
Areas 4, 5, 9 to 12, 14 and 16 are between 80 and 100 day
limits and the rest of the study areasvﬁave a frost-free
period éf over 100 days. The frost-free éeriod is longest
in Areas 14, 17 and 19 (120 - 140 days) " (Atlas of Canada).

The length of the frost-free period has a strong effect
upon the length of the growing season, as Figures 22 and 23
indicate. The growing season is that part of the year when
the mean daily temperature is about 42° F (5.5°9 C) (atlas
of Canada). Sometimes the growing séasbn is defined as the
span of time between the mean dates of the last spring frost
and the first autumn frost (Critchfield 1966).

As Figure 23 shows, in Area 1 and for Flights 1 and 2,
the growing season is of about the same duration as the frost-
free period, or approximately 40 to 60 days.

Areas 2, 3, 6 and 7 are between the limits of 90 and
120 days. Areas 4, 5, 8 to 19 have é growing season over
120 days and the maximum, 140 days, is encountered 'in Area 14.

The short frost-free periods and growing seasons in

the north probably are compensated to some extent by longer
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days.

A more quantitative image of the temperature con-
ditions may be obtained from the data depicting the mean
number of degree days during the growing season. Figure 24
is representative of thé mean annual number of degree days
above 42° F (5.5° Cc) (Atlas of Canada).

For any one day when thé mean temperature is over
42° F, there are as many degree days as there are Fahrenheit
degrees in the difference between the mean temperature of
that day and 42° F. The mean annual number of degree days
thus is the mean of annual totals of the degree days for the
year record.

This concept indicates a summation of energy rather
than a number of days during which ah effective growth could
be possible. In the absence of data for the growing season
only, the data for the entire year is given in Figure 24.
This illustration reveals that only Area 1 and those perti-
nent for Flights‘l and 2 in the high arctic have less than
1000 degree days a year. The others have values over 1000

and up to 3000-5000 degree days maximum for Area 14.

3. Moisture Effects

Moisture conditions affecting paludification are
closely tied to the temperature conditions. It is reason-
able in this connection to describe generally certain features

of moisture and the significance of these features as they
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affect this study.

Figure 25 (Thomas 1953) shows that the highest annual
total precipitation is encountered in the eastern coastal
Study Areas 17 to 19 where it reaches up to 35-50 inches a
year (890-1270 mm). The high precipitation here is because
from the southwest or west, cyclones bring abundant moisture
which then is given up as précipitation when the winds meet
the higher ground. The summer and springtime are drier
here than the fall because the long-lasting sea ice keeps
the sea cool and maintains a low-level of humidity.

The precipitation is still quite high in Area 14
where it is about 35 inches (890 mm) a year. This is pre-
sumably partly caused by the westerly winds which have picked
up moisture on their journey over the Great Lakes and then
released it as a result of an adiabatic cooling caused by
the orographic lifting on thé shore lines.

Next to be considered are Areas 13, 15 and 16 where
the precipitation reaches up to 20 inches (508 mm) a year.
The rest of the areas in central and northern Manitoba are
within the range of 15 to 20 inches (308-508 mm). The
lowest values are found in area 1 (under 10 inches (254 mm)
per year). These last mentioned areas are situated in the
internal continental region where, for various reasons, the
precipitation is gquite low.

Perhaps more important for the muskeg vegetation than

the annual precipitation is the rainfall of the summer season
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(July-August) (Figure 26)}. In the study areas this period

is the time of the heaviest rainfall. The maximum is

reached in Areas 17 to 19 where it is about 10 inches (254 mm).
The other areas receive 7.5 to 10 inches.(l90—254 mm) egcept
Areas 2 and 3-where the rainfall of summer is 5 to 7.5 inches
(127-190 mm), and Area 1 which receives only 2.5 inches

during the summer (64 mm).

The rainfall or precipitation data themselves do not
give any direct indications of the amount of water available
for vegetative growth. A better image of good or unfavour-
able moisture conditions with respect to the vegetation may
be obtained from the data on evapotranspiratioﬁ and differ-
ent entities which can be computed from this kind of infor-
mation, as Thornthwaite (1948) has ghown in hisvattempts to
establish some biologically significant climatological con-
cepts.

Potential evapotranspi;ation varies between rather
wide limits from one group of study areas to another. Po-
teﬂtial evapotranspiration is that.theoretical amount of
moisture that would be evaporated from the soil and transpired
by the plants if it were available. It is influenced by
various climatic factors such as temperature, humidity, wing,
and net radiation at ground level (Critchfield 1966).

It varies considerably in different study areas, the
maximum being attained in Areas 14, 17 to 19 (500 mm and

over). Some stations in the vicinity of areas 5 and 10 to
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13 report vaiues in excess of 500 mm a year. Areas 4 and 6
to 9 arée within the limits of 400-430 mm per year. Areas 2

and 3 have the values of about 300-330 mm per year. The
| lowest value, 239 mm per year, occurs in Area 1. These low
values in the north are attributable to the depéndénce of
potential evapotranspiration on temperature and evapofation
'which‘are low there. Also the season for potential evapo-
transpiration in the north is short since the frost-free
period there is guite short. Some authors have used the
potential evapotranspiration values as a growth index simi-
lar to the sum of degree days‘(Thornthwaite 1948).

The writer judges that especially in regard to‘paludi—

fication, a biologically significant moisture factor is

the so-called "moisture index" which was formulated by
Thornthwaite (Thornthwaite 1948). In the early literature

(Thornthwaite 1948) it has been calculated according to the

100 s - 60d
n

formula Im-= , wWhere Im = moisture index, s =
water surplus (the excess pfecipitation which occurs -after
the soil moisture storage equals the water holding capacity
of soil (100 mm)), d = water deficiency (the difference be-
.tween the potential evapotranspiration (PE) and actual
evapotranspiration (AE), and n = the potential evapotrans-
-piration or water need,. However, since 1955 (Thornthwaite,
C.W. and T.R. Mather 1955), a reviéed equation has been used

as follows:

I_ =100 (5z - 1). (P = precipitation, PE = potential
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evapotranspiration). The data in Figures 29 and 30 have
been calculatéd by using this revised equation. Also, the
waterholding capacity of soils has been changed from 100 mm
to 300 mm.

The moisture index gives a fairly good image of the
biologically significant moisture conditions affecting
paludification, and has been used in Finland in some studies
on organic terrain (Ruuhijdrvi 1960). The values below zero
indicate dry climates and those above zero inéicate humid
climates. |

Figure 27 depicts the moisture indices in relation to
the study areas. The values were calculated by utilizing
the data extracted from a bublication by Mather (1964).

This figure is possibly not entirely accurate as an indicator
for strong paludification. There may be inaccuracies due

to various reasons. First, the density of observation stations
in the north is too low to allow for an accurate representa-
tion of the distribution of moisture index. Secondly, the
presence of permafrost complicates the situation in the north
in several ways by changing the characteristics of water
surplus (run-off), by its imperviousness to‘water and also

by changing the factofs governing the soil water storage
capacity. This has been assumed to be 300 mm. In addition
to permafrost change in the soil type affects it. For an

accurate local determination, the type of soil should be

taken into consideration and the soil water storage capacity
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recalculated by using the appropriate water holding capac-
ities. In the present study Figure 27 is approximate and
adequate for the purposes if one keeps in mind the sources
of error.

The highest values for moisture index afe obtained
in Areas 17 to 19. Thesé areas are also the least conti-
nental among the study areas. The values here are of the
regime of 100 to 200 and even greater.

Moisture index decreases steadily towards the western
and northern study areas. Areas 14 to 16 are just above the
limit of 60. Here again one can notice the effect of the
large water bodies and the westerly circu;ation pattern in
the rather large value 60 or over on the eastern shore of
Lake Huron as contrasted to that on its western shore (40).

in northerg Manitoba Area 2 has a value of about 20.
The zero iine follows the border'of Ontario and Manitoba for
a short distance and, at higher latitudes, turns towards the
northwest probably because of the influence of Hudson Bay.
The study areas 3, 4, and 6 to 8 are between the limits 0 to
20. The remaining areas 1, 5 and 9 have values below zero.

The moisture index map of Finland (Figure 117) and
a map shoWing the distribution of muskeg in Finland (Figure
118) reveal that the frequency of muskeg is not always high
in areas of high moisture index due to complicating factors
to be explained later in this work. They indicate, however,

possibilities of using climatic factors in concert to study
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causes of paludification. Since there are no exact data
delineating the distribution of muskeg in Canada very accur-
ate comparison between this country and Finland in terms of
moisture index is not possible at present. However, a pre-
liminary analysis can be obtained from the knowledge about
general distribution of muskeg in Canada. In thé study areas
those cﬁaracterized by higher moisture index values also
have a high freguency of muskeg. Also, it should be noted
that the so-called raised bog, which is defined as a.bog
that obtains all its moisture from the atmosphere, is most
coﬁmon in Aréas 17 to 19, where the moiéture indices are
highest. In the other areas, the topography and certain
other factors already mentioned earlier may obscure more
direct manifestation of correlation between this index and
the distribution of organic terrain.

Figufes 29 and 30 display graphically the average
water balances of some of ﬁhe study areas and their sur-
roundings. The data are extracted and adapted from a work
by Méther (1964). These graphs also indicate that there is
more water a&ailable for paludification in the east than in
the west and in the north. They also indicate that very
often the summer, when precipitation is at its highest , is
the driest time as far as the availability of water for
paludification is concerned. This can be explained simply
by observing the values of potential evapotranspiration. It

is at its highest during the summer when the higher temperatures
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and vigorous vegetative growth enhance it. This causes de-
ficiency of water. The situation is alleviated temporarily
and locally by heavy thunder showers in the course of the
summer. The high values of water deficiency in the north

' probably are not so serious as it would aﬁpear from these
graphs. There, especially in the organic terrain, the sit-
vation is alleviated by the lower potentiél evapotranspira-
tion because of lower temperatures and also due to the lesser
amoﬁnts of plant material. Also the accumulation of sﬁbw
during the winter helps in building up a water surplus which
‘is released in the spring as run-off. In the muskeg areas

of the north, the run-off, however, is hindered by the flat-
ness of the topography and by the imperviousness of perma-
frost which'prevents percolation downwards. This makes

quite a large amount of water a&ailable‘for paludification
and this water, furthermore, is rétained by the extremely
high water holding capacities of peat. This analysis accounts
for some of the factors promoting paludification and fore-
casts, through hypothesis, that~Radforth's airform patterns
(cf. p. 12) may have different genesié and development.

Of several other ciimatic factors which could be de-
scribed here, only thé concept of continentality will be
briefly discussed. This concept has been connected to
organic terrain studies elsewhere (Ruuhijarvi 1960). It has
been stated in the literature that at least in certain reg-

ions raised bogs (for the explanation of this term see
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Glossary) are most common in the regions with maritime
climates, while, on the other hand, aapémoors'(Glossary)
prevéil in the more continental climates (Ruuhijarvi 1960,
Aartolahti 1965, Auer 1952); Since this hés possible
beéring on the patterns in the organic terrain, it seems
reasonable to deal briefly with continentaliéy as applying
to Canada.

Figure 28 is representative of continentality in
.Canada as computed according to Johansson's formula by

McKay and Cook (McKay and Cook 1963):

_ 1.6a

K sin 4 - 14

K = continentality per cent, A = the mean annual range of
temperature, g = the geographical latitude.

For the study areas, the lowest continentality occurs
in Areas 17 to 19 (values 30 to 35%). The highest values
(up to 65%) are encountered in Areas 4, 8 and 9. The
other areas in Manitoba are between the limits of 60 and
65% except Area 2 which is below 60.

Area 1 in N.W.T. and Area 14 in Ontario are below
50%. Areas 15 and 16 have values between 55 and 60%.

This map clearly depicts the effect of the distribu-
tion of land and water as well as the effect of the westerly
circulation pattern. These two faétors are the main causes
of the existence of the centres of high continentality, one

west of Hudson Bay and the other east of it. The vicinity



.Fig. 28. Preliminary map of continentality for Canada (After

MacKay, D.K. and Cook, Frank A., 1963).
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of Hudsopn Bay and a corridor south of James Bay to the
Great Lakes are less continental than their surroundings.
Also; the eastern coast (Areas 17 to 19) have low conti-

nentality values due to the oceanic influence.

4. Summary of the Effect of the Climate on Paludification

The following summary attémpts to express  the author's
understanding of the ways in which paludification is
affected by various climatic factors, both individually
and collectiveiy.

In this context certain climatic data such as water
balanceiand moisture index have been used. This section
hopefully not only reveals the general influence of climate
on paludification and on possible pattern genesis of muskeg
but also illuminates Ehe possibilities of utilizing climatic
factors in other muskeg studies. These factors would be
even more useful in this respect if the systems were de-
veloped and adjusted for the special muskeg conditions. It
is apparent that there are stillAquite a few inaccuracies
in the existing climatic systems as far as their use in
muskeg studies is conceﬁned.

The relatively cool eastern areas with the high
?récipitation are the most humid and thus favourable for
paludification. The accompanying high atmospheric moisture
there is also regarded as influential in formation~of air-'

form pattern as will be later demonstrated. On the other
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hand, the effect of low precipitation in the northern areas
is compensated fof by lower potential evapotranspiration
due to lower teﬁperatures and also probably because of
paucity of vegetétion. Finally, the spring water surplus,
which is retained because of flat topography, helps allev-
iate the apparent water deficienﬁy, thus making conditions
more favourable to paludification. The effect of the short
growing season may be offset by the long days in the north
making up some of the loss of radiation energy.

As it ié now evident climate is not the only factor,
not even always the major one affecting and regulating
paludification, but it associates with topography ahd soil
condifiohs to create environmental circumstances that are
favourable for paludification. Also temperature and rain-
fall are not the only or the most important climatic fea-
tures operating in paludification as sometimes has beeh
claimed (Kivinen 1948). 'They<are only two of the major
factors which, in certain circumstances, may produce cohdi—
tions which are extremely favourable for paludification if
other factors are not limiting. Expressed briefly, the
general climatic condition conducive to possible paludi-
fication is a relatively cool and humid climate. The word
'relatively' is noteworthy since muskeg appears in areas
which lie in a wide range of temperatures and rainféll but
which, as a result of the combinations of these factors, are

relatively cool and humid regardless of the actual amounts
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of rainfall or the actual temperatures. This derived ob-
servation will be-expanded.

In general, when the soil and topographic conditions
are suitable, muskeg occurs if the climate is favourable.
to the vegetation that forms peat. 1In most cases, paludi-
fication is initiated by various moisture-loving mosses of
which Sphagna are the most common. Other mosses, however,
may have started paludification previously by initiating
ground cover which may not be especially moisture-loving,

for example, Polytrichum and Pleurozium, but which may re-

tain water and help the invasion by Sphagnum. Afterwards,
sedges and/or various small shrubs may appear in muskeg.

In manyvcases these vascular plaﬁts may themselves initiate
paludification.

The main composite ciimatic requisite, cool and
humid climate, is attained by combined effect of temperature
and precipitatioﬁ. Thus if the cool temperature values at
Cambridge Bay, N.W.T. (mean annual temperature 5° (2O C))
were to increase to the level of warmer values of Areas 17
to 19 in Newfoundland (mean annual temperature about 40° ¥
(5.5° ¢)), the precipitation would have to increase in pro-
portion to keep humidity high enough for paludification.
This is because the potential evapotranspiration increases
strongly with the temperature increase; The reasoniﬁg is
supported in fact through comparative study. The mean annual

total precipitation in Cambridge Bay is only about 150 mm
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(5 inches) and the annual potential evapotranspiration only
239 mm while the mean annual total precipitation in Areas
17 to 19 is about 1000-2000 mm (40" to 50") and the annual
potential evapotranspirétion over 500 mm. Thus, Areas 17
"to 19 are quite humid but Area 1, though lower, is still
humid enough for paludification. However, effect of low
potential evapotranspiration is not the sole stimulus be-
cause permafrost and the water surplus from winter also
help to saturate the ground and thus enhanceApaludification.

Examination of Figure 27 showing the moisture in-
dices of study areas suggests that several~of the study
areas are subject to dry climates if the moisture index be-
low zero signifies dry and above zero humid relétionship.
This can be utilized in further study. However, this map
contains quite a few sources of error (cf. page 75) inher-
ent in the system of calculating the moisture index values.
Regardless of the possible errors, the map shows that the
inténsity of paludification increases ffom areas with low
index to the areas with high index. This index can be
used therefore to account for distribution of muskeg as to
the extent that it depends on climatic factors.

Indirectly the moisture index also reveals that the
effect of climate on paludification may be displaced by
other factors. For instance, although Aréas 5 and 10 to

13 have negative moisture index values, muskeg in these
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areas is unconfined pfesumably because of soil and topo-
graphic factors. These areas also have a relativeiy high
poteﬁtial evapotranspiration (500 mm/yeér or even over) as
compared with certain ofher localities. Evidently this is
not limiting to paludification if soil énd/or topographic
factors are favourable. According to new data, all the
study areas would belong to sub-humid, humid, or per-humid
climatic areas (Carter and Mather 1966). Thus éreas which,
according to Figure 27, have moisture index values from
-33.3 to 0 would belong to a so-called dry sub-humid climate.
Areas with values from 0 to 20 belong to moist sub-humid
climate; areas with values from 20 to 100 belong to humid,
and areas with vélues over 100 to per—hﬁmid climates.

| Further inspection of the water balance values
(Figures 29 and 30) will éive a better understanding of the
overall influence of climate on paludification in the study
areas. One should realize also that in the calculations for
these graphs and the results they portray, there are certain
inherent sources of error partly because of the lack of
climatic and geomorphic data for.large areas of Canada.
Also these syétems have not yet been fully developed to
give a desirable degree of accuracy. A hasty look at these
graphs would indicate that the conditions for paludification
in most of the sfudy afeas are not'favourable except in
areas 17 to 19 where there is a large water surplus even in

the growing seasons as contrasted to the "apparent" water
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deficiency for the other areas.

The most humid part of Area 17, the Colinet area,
is to the south (Figure 30). Here there is a continuous
water surplus even through the summer season while in
Areas 18 and 19(and 17 north there is a'slight water dé—-
ficiency as the graphs show.

This deficiency is not as severe as it is in some
parts of Manitoba (Figure 29)? as it is alleviated by the
water which is accumulated as, snow and ice during the
ﬁinter. This accumulation represents a considerable sur-
plus which is released during the spring and early summer
when, according to the graphs, thefe is supposed to be
water deficiency. The large winter surplus. and high pré—
cipifation in the fall and in late spring and quite high
precipitatiqn in the summer render the climate here humid
enough to favouf paiudification dependent on atmospheric
water (ombrogenic) (Aartolahti 1965). Because there is
little nutriment in the rainwater the muskeg that arises
is oligotrophic (cf. Glossary ). This water is not
entirely devoid of nutrients but, according to Viro (1955)
in the rainwater deposits in all Finland, there are, on the
averége, the following améunté of various materials as
expressed in kg/kmz/year: organic material 2740, inorganic
10,291, A1,0 and Fe.0. 31, Ca 199{ Mg 131,

273 273
416, CL 576 and N 587. Actually,

material 3170, SiO2

K 245, Na 183, P 8.6, SO,

the rainwater deposits a low but significant amount of
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nutriment and, according to Witting (1948), the amount
becomes larger as one approaches the séa. One might
assume that considerably larger amounts could be found
in the maritime areas of Canada which are near the open
ocean. The Baltic Sea in Finland is only slightly brack-
ish. |
It is thus quite easy to explain the marked paludi-
fication in Areas 17 to 19 as being due to the qlimatic
influence. The climate there is obviously.very cool and
. humid. For the other study areas, the climate is not so
obviously cool or humid (cf. Figures 27, 29 and. 30).
Calculations of these data (loc. cit.) are not appropriate
for specialized muskeg environment and need to be adjusted
for it to be directly valid. Some of the inherent sources
of error needing adjustmént have been mentioned on page?75 .
The highest water deficiency among the study areas
is encountered along the flight route from Coppermine throqgh
Yellowknife (N.W.T.) to Winnipeg (Figure 29). This is due
to low precipitation and relatively high evapotranspiration.
This high water deficiency is reflected in appropriate
frends in paludification. There is no evidence of uncon-
fined paludification and no ombrogenic paludification in
this area. Muskeg here is totally confined in rather
limited depressions offered by the rugged Precambrian top-
ography. In this connection the curve in Figure 29 explains

the relationship betweeén paludification and climate.
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Area 14 is basically identical in topography to the
areas near Yellowknife. However, for Area 14, the cli-
mate shows definitely high humidity. The soil moisture
utilization as well as water deficiency is low. The pre-
cipitation shows a distinct winter maximum implying a con-
dition paralleling that in the maritime climatic region on
the eastern coast (see Figure 30). The winter precipita-
tion maximum symbolizes a maritime climate. In Area 14
the high humidity may be attributéd to the predoﬁinantly
4westerly winds which blow over the Great Lakes and load
the air with moisture picked up over the Lakes. Neverthe-
-less, muskeg is still confined in Area 14 due to ruggedness
of the Precambrian terrain, thus showing how geomorphic
effect is limiting despite the highly favouring climatic
stimulus.

. There are two sets of study areas with unconfined
muskeg which in other aspects do not resemble each other
vefy much. The first one is the group consisting of Areas
5 and 10 to 13. They are represented by the Moosehorn,
Graysville and The Pas graphs in Figure 29. 1In these areas
there is a relatively high water deficiency and high soil
moisture utilization during the growing season, due to a
'high evapotranspiration and fairly low precipitation. De-
spite this, these areas are covered by unconfined muskeg.
This shows that £he wéter balance data, without appropriate

interpretation, are not necessarily applicable in muskeg
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studies. These areas have very favourable soil conditions
for paludification.’ The.high water deficiency implied by
the graphs in Figure 29 is also only épparent as far as
muskeg is concerned. There is an ample amount of water
which drains slowly from thé flat areas and which keeps
the ground saturated longer than the first glance at the
graphs would indicate. This si#uation maintains paludi-
fication. Once muskeg is established, its development
ensues rather steadily because peat, having very good
water-holding capacities, holds the water surplus from

the spring thaW longer than other types of soil. The
covering vegetation thus will not suffer from any water
~deficiency although the vegetation in the surrounding min-
eral terrain may do so. Because peat also is a very good
insulator,»seasona} frost is preserved in it quite late
~into the summer. The slow thawing of the frost in peat
facilitates slow release of water in the summer to compen-
sate for water deficiency caused by higher potential
evapotranspiration, and lower precipitation‘which prevail
in the summer time.

Areas 2, 3 and 7 form another group with unconfined
muskeg and.a climate apparently too'dry to warrant uncon-
fined paludification according toAthe‘graphs in Figure 29
(Churchill and Gillam). The graphs show that the water de-
ficiency is quite low here due té low potential evapotrans-

piration. Soil moisture utilization is relatively high
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because precipitation is low. Some botanists and geogra-
phers have suggeéted that the precipitation alone in some
parts of the western North American Arctic is not suffic-
ient tb support any vegetation (Johnson 1963). However)

it is believed that errors in sampling are large enough té
underestimate precipitation by one half (Black 1954). Thus,
the values in Figure 24 would be too low if this claim were
assumed to apply also in this part oflthe Arctic. Also it
has been demonstrated that evapotranspiration is less than
precipitation in many barts of the Arctic (Mather and
Thornthwaite 1956; Clebsch 1957).

Areas 3 and 7 are also situated in the disconfin—
uous permafrost zone but Area 2 is in continuous permafrost.
Permafrost of course contributes'to‘the maintenance of high
soil moisture by confining most of the melt and rain water
to the thin upper region of the peat which thaws only
about 12 to 20 inches (30 to 50 cm) during the summer (for
example in Area 3). Flat topography implies éhallow grad-
ient and thus slow run-off. 1In Areas 3 and 7 as well as
in Areas .5 and 10 to 13, the thaw of seasonal frost is
another source of wafer for summer growth. Permafrost it-
self cannot provide water for the vegetal growth except
when it is degrading as it is in some lécalities near Area
7. 1In this case, as well as in the case of the thaw of
seasonal frost in peat, it becomes evident that the amount

of 300 mm as the soil moisture-holding capacity used for



the calculation of thé water balances for the minerél
soils does not applyvfér muskeg. The primary charactér~
istic of the peat which puts this figure in question is
the high water holding capacity of peat. Normally peat
contains water to the extent bf 80 to 95% of wet weight.
There may be short term seasonal or local variations of
these figures but the above mentioned amount could be re-
garded as providing a general guideline. For frozen peat
the water (ice) content is much higher'than for non-frozen
peat. Investigations in Sweden have revealed tha£ the
permanently frozen peat of palsa formations may contain
water (ice) from 1890 to 3950% of dry weight (Forsgren
1966). In the frozen mineral soil at the same sites the
water content was only 26.9 to 43.9%. This shows that
frozen peat.is potentially rich in water if it has a chance
to thaw.

Water balances in Areas 15 and 16 are represented
by the graphs from Moosonee and Abitibi Canyon respectively
(Figure 30). These areas exhibit mostly unconfined muskeg.
One can see that, if compared with other areas, their
moisture conditions are intermediate in category. These
areas do not present any difficult interpretation problems
but the graphs would show the water balance situation in
about the right proportions once qualitative adjustments
had been made in the same way as for the previous egamples.

The above summary illustrates the effect of climate
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on paludification and how the existing climatic daté need
adjustment and:careful interpretation if one wishes to
appreciaté the degrée to which climate controls paludifi-
cation in the study areas. Itvélso shows that climate .
alone cannot control paludification but that its influence

is combined with that of other factors.

Study Areas in Relation to fﬂe Major Vegetation Regions

Because the general types of vege£ation, for example,
forest, are significant in the compqsitiqn of muskeg, and
also contribute to the airform patterns, a brief portrayal
of major vegetation regions of the study areas is justi-
fied. Also a few allusions will be made to the effect of
vegetation. on the airform patterns.

Figure 31 (Rowe 1959) depicté the natural (forest)

- vegetation regions and their relation ﬁo the study areas.

As it reveals, only Areas 1 and.14 are outside the Boreal

(Coniferous) Forest Region. Area 1 is situated in tundra,
whére organic terrain in most cases is still in its early
stages of development.

Area 14 as well as part of Area 13 are in the Great
Lakes~-St. Lawrence Forest Regiop (Rowe 1959). This region
is transitional'between the Boreal coniferous forests 'and
the deciduous forests of eastern North America (Putnam

1963). It is dominated by white pine (Pinus strobus), red

. pine (Pinus resinosa), hemlock (Tsuga canadensis)‘and by

a great number of deciduous trees among which are elms, oaks,
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maples and birches (Rowe 1959). Because of a4rugged Pre-
cambrian.topography, muskeg in these sfudy areas is mostly
'confined."Stipploid airform_pattern is.widespread with
bermatoid commonly associafgd with it.;

| The remaining study areas are in the Boreal (Conif-
erous) Forest Region._-Areas 2, 3,:7, 15 and 16 .are in a
northern zone of the Boreal Forest Region, defined as a
region of forest and barrens (Rowe 19595. These areas are
situated in a sub-group called the Hudson Bay Lowlands
Section. It is characterized by an opeh appearance which
defines a subarctic landscape. Areas 2 and 3 especially
are very open and the treesvare confined to the Qéll—drained
river'banks and the rest of the terrain is dominated by
unconfined muskeg with Marbloid airform pattern prevalent.

Black spruce (Picea mariana) is the most common species in

these areas. }
‘Area 7 is more densely treed. 1In muskeg black spruce
‘dominates but bordering the well-drained water courses,

poplar (Populus balsamea), trembling aspen (Populus tremu-

loides) and white spruce (Picea glauca) are common. The

airform pattern is 'still basically Marbloid but a Stipploid
condition is superimposed by the trees.

Areas 15 and 16 are not so open as Areas 2, 3 and
7. These two areas have a rather dense cover of black
spruce in the drier sites and tamarack in the wetter more

minefotrophic (cf. Glossary ) sites. White spruce,
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trembling aspen and white bifch (Betula papyrifera) are
common_along.the water courses.

The remaining Areas 4 to 6, 8 to 12 and 17 to 19
are in that zone of the’Bofe&l Forest Régién which is pre-
~dominantly forested. These areas are divided into three
sections: Areas 4 and 6 are invthe'Nbrthern Coniferous

Section, where black spruce is dominant and is sometimes

associated with jack pine (Pinus banksiana) following de—‘
struction by fire of the primary vegetatioh.> In these two
areas, the organic terrain is confined and characterized
by Stipploid énd Dermatoid pétterns in the more southern
_Area 4 and by Stippioid to Marbloid in the more northern
Area 6. |

Area 8, which is the Nelson Rivef Section, is be-
tween Areas 4 and 6 as to its characteristics. Muskeg is
often on the slopes and shows trees growing in rings
around old frost polygons.

Areas 5 and 10 to 12 are in the flat and poorly
drained Manitoba ﬁowiand Section. Large areas are covered
by muskeg with black spruce and tamarack with associated
large areas of FI cover (cf. Gloésary and Abpendix A). in
these study areas, in addition to Stipploid, Dermatoid is
rather common With Vermiculoid low-altitude configurations.

Areas 17 to 19 in Newfoundland are divided among

three sections. Area 17 is in the Avalon Section with

balsam fir (Abies balsamea) as a dominant tree species.
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Black spruce grows here in the poorly drained areas of
organic terrain. Large greas of muskeg are without tree
cover reéardless of the fact that the tﬁermal éfficiency
(PE) is adequate for‘a closed forest ('moss barren'; Hare
- 1952). This is presumably because of the cool humid cli-
mate with a high water surplus which especially_favours‘
ombrogenic paludification. Figure 30 illustrates this
point well (vide the graph of the water balance'for Colinet).
The ensuing strong paludification does not favour affore-
station. |

Area 18 is in the Grand Falls Section. 1In this
area black spruce is common in unhumified péat according
‘to Rowe (1959). Here the forests are denser than in Area
17 and tHe muskeg is more confined.’

Area 19 is in the Corner Brook Section. It is also
characterized by bélsém fir, black spruce, white spruce
and a few deciduous tree species, for example, white birch
and trembling aspen. The geomorphoiogy of the study area
is rather rugged with high iolling hills»wﬁich carry large
raised bogs or muskeg on the slopes giving the image of
raised bogs in the air photos. Aﬁparently, they compare
favourably witﬁ so~-called eccentric raised bogs of Finlahd
(Ruuhijirvi 1960). Large areas are treeless. Here too a
cool and humid climate apparently favours ombrogenic

paludification.
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Distribution of Permafrost in Relation to the Study Areas

There are many definitions for permafrost. The
main criteria of identification nowadays have been adopted
from the Russian practice since'Russians-presumably have
worked more on permafrost probléms than anybody else.

Permafrost,'or perennially frozen ground; is de-
fined on the basis of temperature and refers to the ground
(soil, rock) the temperature of which stays below 32°F
(OOC) for a number of‘years {Brown 1967a).\ The shortest
possible duration of permafrost starts one winter when
the ground freezes and remains frozen through the follow-
ing summer into next winter and thereafter thaws during
the spring (Brown 1967a). Some authors claim that the
ground is pefmanently frozen if it remains so for two
years (Muller 1947).

. The ége of permafrost varies'greatly. Sometimes it
may be thousands of years old, But it may be also very re-
cent (or even temporary)..

The thickness of permafrost varies between wide
limits of depth. It may be only a few inches thick, but
is usﬁally from a few feet up to hundreds of feet thick.
The highest values have been recordéd in Russia. There
permafrost attains thicknesses of about 500 meters (1,650
feet) in Taymjr Peninsula’ (Brown 1960).

As Figure 32 shows, the permafrost region has been

divided into two zones: the continuous permafrost and the
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discontinuous permafrost. The division between these two
zones is arbitrarily sét by the Russian researchers to
follow the isotherm of -5°C (23°F) mean annual ground
temperatu;e as measuréd from below the level of seasonal
variations (zero amplitudé). This practice has also been
.adopted in North América (Brown 1967a).

As Figure 32 reveals, the southern limit of the
discéntinuous permafrosf zone follows quite closely the
isotherm of 300F'(—lOC) (mean annual air temperature).
Thus Areas 10 to 19 are south of the southern limit of
permafrost. Area 5 is approximately on this limit. Areas
4 and 6 to 9 are in the discontinuous permafrost.zone.
Areas 1 and 2 are in the continuous permafrost zone and
Area 3 is near its southern limit.

Flights 1 and 2 and a large part of Flight 3 are
over the continuous permafrost zone. Some of Flight 3 and
most of Flight 5 are over the discontinuous.permafrost
zone. Flights 4 and 6 are south of the permafrost region.

Radforth (1954) referg to sub-surface topography
of ice caused by permafrost in organic terrain. Often
perﬁafrost is encountered mainly in the organic terrain
within the discontinuous permafrost zone. This has been
stated several times in the literature (Johnston, Brown
and Pickersgill 1963; Browﬂ 1967a).

Even south of the permafrost region, the organic

terrain, depending on the‘yearly variations in climate and/
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or weather, can harbour ige through the summer. Thus, the
author has encountered ice in the peat in southern Finland
at the end of summer fér south of the permafrost region.
This kind of ice is sometimes called climafrost tRadforth,
1954) but it also suits the definition of permafrost as
used in Nortﬁ America and in Russia. |

. These phenomena will be evaluated in detail later

as they are encountered in relation to this study.

' General Distribution of Muskeg and Its Relation

to the Study Areas

Muskeg (organic terrain) is a widely sbread phenome-
non on the earth. The largest areas of muskeg are en-
countered in the cold temperate climatic zones of the
northern hemisphere for the simple reason that the land
area of the correspoﬁding climatic zone of the southern
hemisphere is qui£e small compared with that in the north.
Though muskeg is also common on the corresponding land
masses of the southern'hemisphere as Figure 33 (Blilov 1925)
shows it is not as extensive as in the.north. In the
sou£hern hemisphere the largest areas are encountered in
Tierra del Fuego, Falklandtislands, New Zealand and Tas-
mania as well as in Patagonia (Kats 1966) which is already
within a'warmer climatic zone. Muskeg is also met within
the tropical areas but moétly at higher elevation where

the climate is often cool and humid. There are, however,



Fig. 33. World distribution of muskeg (after Btilov'
1925).

104



105

reports of its existence also in lower areas in the trop-
ical climatic areas such as in Uruguay and Guyana and in
Florida (Radforth 1966, verbal communication).

The high arctic has some muskeg even near the toes

of the permanent ice caps (Radforth 1965).

| ;n Canada muskeg ié spread all over the country
from the southernmost tip-of Ontario tolthe northern tip
of Ellesmere Island (Radfor%h 1965), from the easternmost
coast of Newfoundiand to.the.islands of the Pacific Ocean
in British Columbia. ©Only the frequeﬁcy of occurrence var-
ies from region to region. It has been estimated that |
muskeg covers about 12%, that is about 500,000 square miles
(1.295 million sg. km., 129 ﬁillion hectares) of the whole
of Canada (Radforth 1962b). According to some sources,
- Russia has the largest areas of muskeg which are estimated
to be about 130 million hectares (Kivinen 1948). Both
these estimates should be regarded as tentative, approxi-
mate and conservative.

Figure 34 depicts the areas of organic terrain where
engineering problems occur, the limits of the most common
cover types as classified according to the Radforth classi-
fication system (Radforth 1952) and the frequency of occur-
rence of muskeg in Canada (Radforth, 1955a). This map is.
the only one depicting the distribution of muskeg in Canada
and contains some'inaccuracies. However, it gives a rela-

tively accurate picture of the distribution of muskeg in
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Canada and of the relation of study_aréas to it.

According to this map, Areas 3, 6 to 8 and 15 ‘to
19 are in the zone of high freguency of_occur?ence of mus-
keg. This zone covers most of Newfoundland, the area of
an intense agmbrogenic paludification, mgst of the Hudson
Bay Lowland area and, in addition to it, a large aréa
extendiﬁg northwest into the Northwest Territories up to

Great Bear Lake. ‘Afea 2 in Churchill should 5e included
in this zone since it is still in the area of unconfined
muskeg of the Hudson Bay Lowland, although according to
Figure 34 it would be in the zone of low frequency'éf
occurrehce of muskegq. Areas 5 and 10 to 13 could be placed-
in the zone of high frequency of occurrence since they too
have an unconfined muskeg cover. In the map they also'
would fall into the low freQuency zone. According to the
map only Area 4 would be in the medium fregquency zone,
but perhaps this zone could now be extended to include
Area 14. | )

Area 9 would be the only one after this in the low
frequency zone, and Area 1 in the zone of no fregquency of
occurrence at all. The author's experience as well as |
information cited already in the literature (Radforth 1965)
shows that there is muskeg in the Arctic. Thus actually
almost éll the white areas of Figufe.34 probably could be
marked off as the zone of very low frequency of occurrence

of muskeg when additional inventory has been made. Also
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there are some areas with no muskeg on the préiries and
in certain rugged mountainous areas as well as in the
Arqtic, at least where there are ice caps.

Figuré 34 thus reveals that the study areas are o
distributed among a large variety of muskeg conditions and
distributional frequency zones and therefore repfesent
a good enough sample to warrant generalizaﬁion concerning -
tge sub-surface ice conditions to be made later.

The reasons fof the distribufional trépds of muskeg
in Canada and in the study areas have beén explained in
the chapters on climate, geology, and physiogréphic fea-

tures of the study aréas.



DESCRIPTION AND DISTRIBUTION OF ORGANIC TERRAIN FEATURES
'WITH SIGNIFICANCE FOR AERIAL INTERPRETATION OF SUB-SURFACE
ICE CONDITIONS AND RELEVANCE TO DEVELOPMENT OF CERTAIN

AIRFORM PATTERNS

Airform Patterns

There are five major high altitude (30,000 feet,
'9000 meters) airform patterns, Dermatoid, Marbloid, Réticu-
loid, Stipploid and Terrazoid describéd in Appendix C as
Radforth introduced them originally (Radforth 1956a and
l956b$. In addition to these there is a total of seven
low altitude (1000-5000 feet, 300-1500 meters) airform
pattérns, Cumuloid, Intrusoid, Planoid, Polygoid, Vermicu-
loid I, II and III‘summarizéd in Appendix B according to
Radforth's original descriptions (Radforth 1958).

Each of these airform patterns has highest frequency
in certain environmental conditions, but most of them occur
to some extent almost anywhere where muskeg occurs. Very
rarely are there large areag covered by one pattern only.
Usually several patterns are represented in most locations
although one of them may ciearly predominate. Thus, for
instance, Marbloid pattern often occurs with a lower per-
cehtage of Dermatoid or Reticuloid and quite often it is

interwoven with Terrazoid pattern. Planoid may alternate
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with small areas of Polygoid, etc.

Howéver, only the occurrence of the Marbloid pattern
can be readily rélated to the occurrence of permafrost or
sdme other sub-surface ice condition. As will be seen
later, the development of tﬂis pattern is closely influenced
by permafrost and severe sub-surface ice conditions in gen-
"eral. One can obtain a good concept of the distribution
aﬁd morphological variation of the Marbloid pattern by
performing a iong traverse by air over the organic terrain
starting, say, in Gypsumville in central Manitoba far sbuth
of the southern limit of permafrost and proceeding over
the permafrost country far to the north and terminatiné ih
the Arctic, on, say, Victoria Island or Ellesmere Island.
Thiévkind of traverse suggests how the occurrence of the
. Marbloid pattern is linked with that of permafrost, as will

be shown later.

Moréhology of Typical Marbloid Pattern

In its typical form Marbloid pattern is encountered
near the northern parts of the discontinuous permafrost in
northern Manitoba. Here it distinctly resembles the surface
of a polished marble slab with its convolutions, lobate
‘pattern, and light tone. The light tone is due to the
high albedo of lichens, or\H—factof; to use the engineer-
ing term for the licﬁen cover, in Radforth's classification

system (Radforﬁh 1952). Lichen is very characteristic of
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the Marbloid patterﬂ and usually grows in abundancé on it.

Figure 35 illustrates this typical Marbloid AS
seen from an altitudé of about 9000 meters (30,000 feet)
and as photographed with a 152 mm (6") lens with the re-
sultihg'scale of 1:60,000 (one inch equals.approximately
a mile), The area shown in thig‘figure is situated about.
45 miles (70 km) SSW of Churchill (Man.) and about 13
ﬁiles (20 km) west of Churchill River, at the dema#cation
between thé Hudson Bay Lowland Palaeozoic énd the Canadian
Shield Precambrian. The Preéambrian here is quite flat
and featureless and does ﬁot éxhibit the ruggedness of
small features which normally characterize it if one ob-
serves it farther west or south.

As-one can see from Figure 35, the Mérbloid pattern
is composed of a variety of plateaus. Their lobate edges
are constituted of various siées of peat mounds some of
which suggest the palsa formation of northern Scandinavia.
This complex is diséected_by a very irregular, deranged
drainage system (Thornbury 1966, Lueder 1959).

The flatterlparts of piateaus especially; are
dotted with humerous small ponds. The sizes of these ponds
vary from a few meters in diameter up to sevgral hundreds |
of meters and sbmetimes over two kilometers. :Usually the
ponds and lakes are fairly shallow. The high.density of

this occurrence often imparts a reticulate character to
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the Marbloid pattern and often this feature becomes an
integrated system of Reticuloid and Marbloid areas. This
Reticuloid is not, however,Athe typiéal Reticuloid as de-
scribed by Radfortﬂ (Radforth, 1956a) which is mainly com-
poséd of a well-organized arrangement of peat ridges, buf
is moré irregular. | o

Near the edges thé plateaus are drier due to better
drainage through the small numerous eroﬁed gullies which
are found here and lead into drainage channels of a higher
brder. The drainage channels are very often responsible
for the shape of the edges of peat plateaus and also for
the‘cénvoluted or lobate condition. In some areasvthe lo-
bate pattern of fhe edges of peat plateaus is caused by |
a sméll drainage channel traversing them. There may.be
erosional gullies or results of differeﬁtial growth due
to varying moisture regimes. The edges of peat plateaus
may be very steep as in Figure 36 where the peat plateau
descends, quite abfup;ly, about two meters onto aAmedium
sized drainage channel lying directly on ﬁineral terrain.
The cover at the well—drained edge is composéd of stunted

Picea mariana (black spruce) or large ericaceous shrubs,

usually, Ledum groenlandicum, and lichen and mosses. By

using the engineering cover classification system, it is
desighated as BEH cover (Radforth 1952). This medium size
channel in Figure 37 is one of those contributing to the

1obate pattern of Marbloid. As Figure 37 reveals, there
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Fig. 36. Medium sized drainége channel in typical
Marbloid area in Chesnaye, northern Manitoba. Cover
in the foreground is FI. Note steep edge of peat

plateau in the background with BEH cover.

Fig. 37. The same drainage channel as that in Figure
36 from a different angle. FI cover dominates in the
foreground while DFI cover is in the area in the

background.
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is a comparatively wide area of sedge-covered shallow
muskeg on the bottom of the drainage channel. 'Commonly
willows occur in the same channel. The former represent

FI cover and the latter DFI cover. Figure 38 shows a
narrow-and guite ﬁet shélléw depression which is a coﬁmon
feature on the Marbloid peat plateaus and which serves as
~one of the tertiary drainage channels which drain the
plateéu along these surfaces either into the ponds or into
the larger drainage channels as the one shown in Figures

36 and 37. These two sizes of drainage channels are rec-
oénized on the peat plateaus from aerial photographs be-
cause of the dark tone they render. They drain into séme
larger channels which are already large streams. These
rivers have mineral térraiﬁ embankments usually with Picea
glauca (white spruce) and sometimes‘poplar (Populus sp.).
These larger rivers are naturally not as densely spaced as
the small ones, being often only 30-60 meters k100—280 feet)
apart while the smallest'onés are usually only 10-20 meters
apért. The 1érge-rivers occur about.one every two kilo-
neters.

The peat piateaus form the main conspicuous feature
of Marbloid. This is primarily due to the light colour of
the majority of peat plateaus. If one were to describe the
cover here in the engineering terms, it would be designatéd
as HE or sometimes EH (small shrubs and lichen in the botan-

ical sense). The high albedo of the dense lichen cover is
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Fig. 38. Shallow wet FI drainage channel in typical
Marbloid in Chesnaye, northern Manitoba. Cf. item

G in Figure 35.

Fig. 39. Typical HE cover in Marbloid area in Chesnaye,

northern Manitoba. Dominant lichens belong to genus

Cladénia, and the dominant shrub is Ledum groenlandicﬁm.

This area is patterned with ice wedge polygons.
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responsible for the light tone of this pattern in aerial
photographs. The most common lichen species are Cladonia
spp. and among them Cl.alpestris. The shrubs are mostly

ericaceous but dwarf birch (Betula glandulosa) is not un-

common. Figures 39 and 40 illustrate this kind of cover.
Instead of HE and EH small areas of sedges with Sphagnum
spp. appear in the low-lying and wetter places (Figure 38).
The.polygons with depressed centers have a sedge-moss (Ei}
cover in their centers while the high peripheral ridges,
with ice wedges inside, bear HE-type coverage (Figure 41).
Also, in the fissures with-higher water regimes between the
ice wedge polygons of the f}at plateaus I or FI cover pre-
dominates (Figure 42). This cover or the associated clear
water in the fissures (resulting dark tone) contrasts well
against the light»tone‘of the centers of polygons thus en-
abling the observer to detect the polygons. Though these
may be only 10 meters wide, they may be seen on aerial
photographs taken at an altitude of 9,006 meters (30,000
feet).

Figure 43 illustrates the efféct of wind erosion on
points of highest elevation of the polygons. During the
winter these high areés have no snow cover and are thus
left exposed to the high winds. Ice, snow and winds combine
to break the surfaces and start erosion. The polygons as
a feature of Marbloid pattern will be analyzed in detail

later.
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Fig. 40. Typical Marbloid area showing dominant HE
cover, wind erosion (brown areas in the background)
and channel type polygons in Chesnaye, northern

Manitoba.

Fig. 41. Depressed centre polygons in Marbloid area

‘in Chesnaye, northern Manitoba. Note FI cover in the

wet centres of the polygons and EI or EIH on the

higher ridges under which the ice wedges are located.
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Large areas of the Marbloid pattern are composed
of roundish or,oval.shapes which do not strictly deserve
the designation "peat plateau" since actual "plateau area"
is singularly small. These features are an iﬂtegral pait
of the lobate pattern of edges of peat plateaus. They
are, in many cases, .small and separate but tend.to grow
graduallyvtogether'joining to form clusters some of which
are quite regular. The clusters are attached to the edges
- of peat plateaus and if tﬁe uniting feature (fréﬁ the
plateau proper) is wide enough they form a lobate fringe.
The smallest domes, only.about 30 meters (100 feet) in
 diameter each with a frozen peat core, resemble the Scan-
dinavian mounds which dre called palsas. In Scandinavia
palsa formations can attain widths of over 200 meters (600
feet) and heightsAub to 7-8 meters (29 feet). Some of
the formations of this type in Manitoba, in the areas shown:
in Figure 84, are abduf this size before they join to con-
stitute a peat plateau with its4lobes and other character-
_istiés. The cover on these formations may be EH or HE
while between them it is usually either FI or DFI.

An inherent feature in the Marbloid pattern is high
frequency of ponds and’small lakes, and it seems reasonable
to account for their main characteristics.here.

Figure 44 shows a typical gently sloping pond edge
in northern Manitoba. In this case, the pond appears to be

being slowly overgrown by vegetation which is mostly sedges
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Fig. 42. Trench between adjacent channel type poly-
gons in Chesnaye, northern Manitoba. Note free water
in the trench with loose FI cover as contrasted to

EH cover on the centres of polygons.

Fig. 43. Wind erosion on a high-lying peat mound.
Brown area is exposed peat and is a common sight in
the Afctic where high mounds_often remain above
sheltering énow cover during the winter. Typical

Marbloid area in Chesnaye, northern Manitoba.
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and Sphagnum spp. (FI cover). The physical action of the
dice on the shoreline has not been very marked in this case
probably-due to the shallowness of the pond.

Figure 45 shows a typical abrupt pond margin from
the same noftﬁerﬁ Manitoba area as Figure 44. Here the water
is deeper and the ice acts more strongly on the margins of
the pond. Growth of vegetation over the water is impeded .
and the ice has thrus£ the peat up forming an embankment
which may attain heights up to a few feet above the surface
of;surrounding muskeg. This kind of margin forms a notable
hindrance to overland mobility of off-road vehicles in
these (Marbloid) areas. -

Many of these ponds and small lakes are so-called
"thaw lakes" whiéh abound in the permafrost areas. They
result where the peaty insulation on the permafrost breaks
down and allows for local alleviation of the permafrost
conditions. The ice in the underlying frozen soil thus
thaws causing slumping of the surface and forﬁation of
ponds  and 1ékes.

" The features described here are part of a typical
Marbloid airform patterh. They contribute to the develop-
ment of this easily distinguished pattern and many.of
them persist relatively far south. There is a wide variety
of Marbloid conditions starting in the north and ending
near the southern limitxéf permafrost where strong vegetal

growth obliterates Marbloid pattern as will be seen in a-
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Fig. 44. Sloping pond edge in typical Marbloid near

Chesnaye, northern Manitoba.

Fig. 45. Abrupt pond edge in Marbloid area (Area 3),

northern Manitoba. Note BEI cover by the pond.
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later section of this work.

H-Factor
The peculiarly light tone of the Marbloid pattern
has been referred to several times and is caused by the
_predominating growth of lichen. 1In large areas the domi-

nant species is Cladonia alpestris.

In the Radforth cover classification‘syStem for
the engineer the lichens constitute a class designated by
the letter H (Radforth.1952). It is described in this
system as non-woody, 0-4 inches high, leathery to crispy
by texture and showing mostly as a continuous mat. For
brevity, the structural condition will be referred to as
H or the H-factor.

Figures 46 and 47 show that the H cover may be
continuous and indicate how its high albedo is capable of
rendering a light tone to the Marbloid airform pattern.

Lichens grow almost everywhere in the world and
are especially common on drier mineral soils forming as a
main component large heaths in some areas. They occur also
on muskeg to a lesser extent almost everywhere where the
"conditions on the muskeg favour their growth. However, in
most cases, the favourable conditions ‘are limited.to areas
reﬁresenting local microcénditioné which, in most caées,
do not extend over areas Qide enough to be discernible

from the air, especially from high altitudes. This situation
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Fig. 46. Continuous mat of lichens (H-factor) with

Cladonia alpestris as dominating species in Area 2.

This figure reveals well how lichens with their high
albedo can impart such a light tone to typical

Marbloid pattern as seen in Figure 78.

Fig. 47. An example of lichenaceous growth in typical
Marbloid area near Churchill, northern Manitoba (cf.

colours in Figure 46).
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arises in the areas south of the southern limit of perma-
frost. The image changes when one flies north over muskeg
at the séuthern limit of permafrost. Near this limit the
H-factor becomes quite prominent even in flat open muskeg
as Figure 99 shows. This area is just north of the pres-
ently designated southern limit of permafrost near the
northern tip of Lake Winﬁipeg and west of Norway House.

If one continues to fly over mﬁskeg further'north,
the H-factor becomes gradually more éyident first in the
. treed areas where the cover frequéntly is either AEH or BEH.
In the botanical terms, this means trees over fifteen feet
in height with shrubs less than two feet in height aﬁd
lichéns, and trees less than fifteen feet high with the
same understdry respectively. In large areas of northern
Manitoba, lichens predominate as Figures 40, 46, 47, 48 and
99 show. It may form lar§é, nearly continuous mats being
almost the only member of the undersfory as Figures 46-47
'teveél, but in most cases it occurs wifh small shrubs aé
Figures 40 and 48 illustrate.

In the Arctic the lichens are quite common on mineral
soils but they appear also on newly forming muskeg mostly
on the mounds and ridgeé as Figure 70 reveals.

In Newfoundland, south of permafrost lichens~may be
found quite often on muskeg. The growth here is, however,

intermittent and is confined to the drier places on muskeg.
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Fig. 48. Typical HE cover of Marbloid between Areas

2 and 3 in northern Manitoba.

Fig. 49. Typical peat deposit in Marbloid area near
Chesnaye, northern Ménitoba. Broken line shows the
location of permafrost table, which in this case was
about 20 inches from the surface. Dark éeat layers
(A) are composed of well humified Sphagnum - shrub
peat. Light (B) peat layers are composed of mainly
poorly humified Sphagnum peat. Predominant cover in

this location is HE.
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Thus,»they grow on the ridges and on the mounds. These
formationsAare quite common in Newfoundland because large
areas of muskeg in Newfoundland are raised and ombrotrophic
with high ridges which offef dry growing conditions to -
lichens. Here as well as in other muskegs outside the
permafrost region the H-factor does not play a strong
enough role to render it visible from high altitudes ex-

cept occasionally in small and localized areas.

Polygonal Patterns on Muskeg

The polygons as a feature of pétterned mineral
terrain are a widely distributed and extensively studied
phenomenon encountered in regions of cold climates both
in the northern and éouthern latitudes aé well as at high
elevations in various mountainous parts of the world.

It is generally accepted that, in most cases, the
polygons are a direct fesult,of cold climate and factors
connected with it. - However, there are polygons (an unre-
laéed phenomenon) in the regions of warmef climates, too.
Almost everyone is familiar with polygonal pattern arising
in a clay field or on the bottom of a small pond tempor—
arily dried up during the driest summers. Larger polygons
than these occur in deserts. They may have been formed by
the activity of crystallization and resolution of salts
which play a similar role to that of regelation in frozen

ground (Troll 1944),. Polygons are fairly common near the
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southern limit of permafrost where the permafrost table

has been lowered, the frozen portions of polygons have been~
replaced by silty material and the polyéonal pattern thus
has been retained. These so-called 'relic' polygons can

be distinguished‘from others by various factors including
vegetation (Sager 1951).

For more details on the polygons of mineral terrain,
the reader is referred to Washburn's work (Washburn 1956).

The ice wedge polygons, the type of polygons which
are quite common in the muskeg, are defined by Washburn as
non-sorted polygons characterized by bordering icé wedges.
"Non-sorted polygons are patterned ground the mesh of which
is polygdnal and has a non-sorted appearance due to the ab-
sence of the border of stones such as that characterizing.
sorted polygons" (1oc.‘cit.).

Theré is a common disagreement as to whether all
non—sqrted polygons could bé fegarded as indicatofé of per-
mafrost, because they are found also in the areas without
permafrost. It is agreed that permafrost is always present
with ice wedge polygons (loc. cit.).

Many writers have used polygons in aerial photographic
interpretation as permafrost indicators (Sager 1951, Black
1952, Lueder 1959, Thoren 1959).

| Ice wedge polygons are quite common in northern
muskeg as has been mentioned in connection with the descrip-

tion of the Marbloid airform pattern.
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There are sﬁspicions as to the causes of the genesis
of polygons in peat. Troll, for instance, maintains that
- in peat the polygons have nothing to do with frost, but
that they are formed by wind erosion, gullying, anthills,
animal pathé,'growth habits of plants, etc. (Troll 1944).
This may apply to some polygons in the muskegs far south
from the permafrost region, but it is not true for perma-
frost areas, although some of these factors may well be
influential secondarily.

The polygons which are discernible from the air from
an altitude of 9000 meters (30,000 feet) are large, the
diameter varying generally between 10 and 40 meters (30-130
feet), the largest ones-being over 60 meters (200 feet) in
diameter. The shape varies too. The most common forms are
from tetragonal to hexagonai. The tetragonal polygons p;e—
dominate in the areas for which Figure 35 is typical. This
area is very flat and the occurrence of tetragonal polygons
appears to be in contradiction to what several authors
(Sager 1954, Schenk 1955) maintain, namely that tetragonal
polygons are usually located on slopes while hexagonal ones
indicate level ground. |

In muskeg, as in mineral terrain, there are usually
two kinds of ice wedge polygons, those with depressed centers
surrounded by higher ridges in which the ice wedge is located,
and others with higher domed centres which consist of a

frozen peat core. In this case, the ice wedge is at the
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base of the fissures between the adjacent polygons. Both
types are extant in the Marbloid in Chesﬁaye in northern
Manitoba.‘ Thgre is of course a set of transitional forms
separating these two main forms.

Figufe 41 illuétfétes a pol&gon with a depressed
centre. This type is often regarded as an indicator of
very poor drainage (Sager 1951). It is typically low-
'lying and has a wet centre.which ié covered by sedges and
mosses; in other words, it has an FI cover.} The ridges |
with better drainage are able to createlfavourable growing
conditions for the lichens and therefore frequently have a‘
cover of lichens and small shrubs, HE or EH.

The strong lateral growth of ice wedges may raise
the centres of.the polygons wifh depressed centres gradually
resulting in a polygoﬁ with raised centre or "channel type
polygon“ as they are commonly called. figure 40 shows a
channel fype polygon in northern Manitoba in Chesnaye. The
centre of the polygon is considerably higher than the edges.
This gquite well drained centre is covered by the typical |
Marbloid cover, EH or HE, liéhens and small shrubs. Frost
thaws in the centres to a depth of about 12 to 20 inches
during the summer (Figure 49). The fissures between the
adjacent polygons are approximately 50 to 150 cm wide and
vary from 20 to 60 cm in depth (Figure 42). Often water is
present in the fissure and sometimes flows slowly down a .

gentle gradient collecting in the small FI drainage channels
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described in connection with Marbloid. These trenches
abundantly grow various species of Sphagnum such as S.

cuspidatum which favours wet habitats, and also sedges.

This cover type (dark lines from the aif) is quite strongly
contrasted against the light cover type of the centres of
pelygons. ‘

| In general, the polygons in muskeg are wideiy dis-
tributed from the southérn limit of permaf;ost up to the
Arctic where they either transgress into the peat or are
formed in the peat airectly. This aspect of polygons will
be discussed in detail later in connection with the develop;
ment of Marbloid airform pattern. The reader is also re-
ferred to Figures 90 ahd 96 which show the appearance, or
should it be stated the disappearance, of polygons iﬁ the
peat fogether with the disappearance of the Marbloid airform

' patterﬁ.

Miscellaneous Features Related to the

Occurrence of Sub-surface Ice

There are several miscellaneous features of terrain
which are visible on the aerial photographs and which are
connected with the occurrence of permafrost or some other
distinctive sub-surface ice condition. Many of these fea-
tures originate and predominate in the mineral terrain, but
are guite unigque té organic terrain. Certain of these fea-

tures that are diagnostic will now be described and
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rationalized in terms of aerial interpretation.

1. Sorted Circles

| These are patterns which are found in mineral terrain
but often t;ansgress-into organic terrain.

Most of the éircles fhat tﬁé present author encount-
ered in the areas of initial paludification in the Arctic
in the Victoria Island and Peily Bay region were sorted
circles. They are defined as "patterned ground the mesh of
which is dominantly circular and hés é sorted appearance
commonly due to a border of stones surrounding finer mater-
ial" (Washburn 1956). Figuré 50 illustrates typical sorted\
circles in'Cambridge Bay, Victoria Island, N.W.T. The fine
grain material concentrated in the centre of the circles
has a high albedo and appears very light especiaily on low
altitude aerial photographs as Figure 78 reveals. The cir-
cles appear to be concentrated on the'tops of small hillocks
where gradient is almost lacking. .Usually the centres.con_
tain fine material but circles odcﬁr in which the centres
are composed of coarse material (Figure 51). The coarse
material in the border ranges from pebbles to quite large
stones (diameter 20 cm) - (Figure 52). AccoraingAto some
authors( the size‘of bordering stones increases as £he depth
and breadth of the circles increaSe in general (Iwan 1936).
The vegetation soﬁetimes enhances this pattern

(Figures 50 and 51). Here the vegetation is concentrated in
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- Fig. 50. Sorted circles with coarse material
‘bordering silty fines in the centres of circles. Note
initial growth of péat in the low-lying depressions
surrounding centges_of circlés¢ Cambridge Bay,

Vicforia Island, N.W.T. Cf. Figure 51.

- Fig. 51. Sorted circles4with coarse material in the
centres and fine_material along the edges. Note
initial growth of peat in the depressions around
the centres of circles.'Cambridge Bay, Victoria

Island, N.W.T.
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the fissures. 1In some cases the vegetation grows on the

~ centre if the aggregate is too coarse, (Figure 52). In
most cases paludification commences in the fissures where
there is more water available to the plants that constitute

,

muskeg cover,

2. Sorted Steps

The sorted steps are concentrated mostly downslope
from the sorted circles in the Cambridge Bay-Pelly Bay |
area as far as the paludified places are concerned.’ They
seem to have been formed by a slight solifluction or soil
creep from the sorted circles. Washburn (1956) has defined
"sorted steps as patterned ground with steplike form and a
sorted appearance due to a downslbpe border of stones em-
banking an area of finer material upslope". The sorted
steps are fofmed by intermediary phases from the sorted
circles as the gradient gets steeper. Figure 80 from
Victoria Island shows sorted circles on the top of é hill-
ock (till) and gradually longer sorted steps éppear pro-
gressively downslope. Figures 68 and 53 show poorly sorted
steps in which the sorting has been obscuredAby initial
shallow deposit of peat on them. Figure 54 is a diagrammatic
illustration of sorted stépé according to Sharp (1942).

In the sorted steps, similar to the sorted circles, the
centre is composed of fines, usually silt, and the border

of coarse material or stones up to 30 cm (1 foot) in diameter.
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Fig..52; Sorted citcles with extremely coarse
material surrounding lower-lying centreé. Ih this
case paludification has started in the centres

which, as léw~lying locations, offer favourable
conditions}for péludification while the coarse mater-
ial surrbunding the centres‘is toé.éoarse fdr initial

paludification. Cf. Figures 50 and 51. -

Fig. 53. Poorly sorted steps in Victoria Island, N.W.T.
Shallow initial muskeg covers most of the coarse

material in the depressions émong the steps.
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The length of steps varies greatly and the width is gener-

ally from 40 to 100 cm.

3. Sorted and Non-sorted Stripes

Stripes, whether they be sorted or non—sorted, appear
as long soil strips along slopes with a depression between
them. The stripes are fairly common in Boothia Peninsula
on the élOpes created by the rugged Precambrian terrain.
Figures 55,'56 and 57 show a typical'view over a slope in
Boothia Peninsula covered by a thin layer of peat which
gives the reddish brown colour‘to the colour photo.

All the patterns (circles, steps and stripes) become
part of the Marbloid airform pattern és they transgress into
peat in the initiation of paludification and are strongly
expressed especially later as the Marbloid intensifiers.

There are various hypotheses and theories about their
genesis in the mineral terrain. Thus, for instance, the
sorted nets (circles) could be formed by Water under hydro-
static pressure which might dome the'surface resulting in
the‘nets{ This is so-called artesian hypothesis and it re-
guiries the existence of a slope (Ule 1911).

Steps and stripes on the other hand may have been
-formed by solifluption on the slopes (Nordenskjdld 1909).

The rillwork hypothesis might account for the for-
-mation of stripes. Several workers have claimed that rill-

work on the slopes creates parallel channels in which stones
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Fig. 55. Initial muskeg on the slopes of the
Precambrian Shield in Boothia Peninsula, N.W.T.
Shallow peat deri&es its striped appearance from
thé mineral terrain which it covers. Note the bare

Precambrian rock outcrops (A). Cf. Figure 56.

Fig. 56. For annotation cf. Figure 55. The reddish
brown colour of the organic terrain is due to

autumn colours of muskeg vegetation.
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Fig. 57. Initial paludification on a slope
patterned with soil stripes in Boothia
Peninsula, N.W.T. Cf. Figures 55 and 56.
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become concentrated and that this process explains the
sortedvstripes (Ule ;911, Cairnes 1912, Salomon 1929).

. Most persons who work on the patterned ground
phenomenon seem to be of the opinion that there are‘sev-
eral factors co-operating in the genesis of patterned
ground. For more details the reader is again referred to.
Washburn (1956). Aspects of the formatibn of patterned

ground in muskeg will be dealt with later at greater length.

Drainage Features Present in the Marbloid and Related

to Sub-surface Ice Conditions

There are many drainage features which largely 6we
their presence to permafrost or some other marked sub-surface
ice condition and which become an integral part of the Mar-
bloid airform pattern. The most distinctive ones are ex-
plained as follows.

1. Thaw Lakes

The term-"thaw lakes" has already been introduced
(page 77). There is a special type of thaw lake which
appears occasionally in muskeg known as the 'relic' thaw
lake where drainage has left a regular circular formation
often conspicuous from the air. It appears in muskeg as
Figure 82 reveals. It is supposed that the thaw lakes
are the result of thawing of permafrost uﬁder a-water body

or that they follow deterioration of the insulative peat which
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in turn reeults in the slumplng of the ground which occu-
pies a larger volume when 1t ‘is frozen than when unfrozen.
Drainage of the lake may be complete and the escaped water
may collect in some other location at a lower levei and,
finally find its way into a iarger river leaving behind at
‘least one circular depression which sometimes overlab
(Figure 82). These depre551ons may be partlally fillea

with exposed beat as is the case in Figure 82.

2. Rectanguler streams

Rectangular streams display right—angled bends. The
bends are considered to‘reflect control exerted by a joint
or fault systeﬁ although too much weight should not be put
upon the inflﬁence of fhese-factors (Thornbury 1966).
| In permenently frozen organio»terrain with a poly-
gonal pattern, the rectangular pattern indicates the exist-
ence of polygons thch may not be otherwise clearly visible
on high altitude air photos. On these photographs, for
example, representing an altitude:of 90b0 meters (30,000
‘feet), the polygons are not always readily discernible
without using stereoglasses or some other aid, but the rec-
tangular pattern of the streams is more‘easily observed
and thus indirectlyireveals the existence of polygons and
~also suggests the occurrence of permafrost. Figure 58 shows
a rectangular stream in northern Manitoba in a Marbloid

.area. The small streams in this case develop the quite
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Fig.58. High altitude (30,000') vertical stereotriplet of rec-

tangular stream in a Marbloid system in northern Manitoba.
Location of the stream is shown by arrows.

AN
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regular angular pattern by initially following the fissures
between polygons. This identifies early initiation of small
streams and with continued erosion a rectangular stream
results. Later, when the stream grows in depth and width,

contains more water, and is older, the rectangular pattern

disappears.

3. Beaded Stream

Another form of stream which is considered to be an
indicator of permafrost is a beaded stream. It is often
formed in the valley bottoms with a slight gradient and
resembles a string'of pearls, hence the name. These streams
are a result of erosional action on polygons. When the
ice on the perimeter of a polygon melts, the same happens
to the ice in the centre of the same polygon with the re-
sulfing élumping down of the-centre and formation of a de-
pression which will be filled with water and is seen on
an aerial‘phptograph as a single "pearl" of a beaded stream.
These streams also appear in the organic terrain as Figure

59 shows near Churchill in northern Manitoba.

4. Asymmetrical Valleys

Asymmeﬁrical valleysAare'quite common in various
parts of the world and in different climatic regions. In
permafrost areas the asymmetry of east-west valleys is not
uncommon and is regarded as one sign of the occurrence of

sub-surface ice. This phenomenon was first evaluated by
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Fig.59. High altitude (30,000') vertical
stereopair of beaded stream (arrows) in
a Marbloid system, northern Manitoba.
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Schoslakowitsch in 1927 in Siberia. Briefly, the asymmetry
results largely from the effects of difference in exposure
upon the rates of weathering, mass wasting and erosion.
A south-facing slope (in the northern hemisphere) will -re-
ceive more sunshine, have a higher evaporation loss, eX-i
perience more frequent thawing and freezing and retain
snow for a shorter period than will a north-facing slope.
As a result df_higher temperatures and lower soil moistures
on the south-facing slope, there will be less Qégetation
(muskeg). Hence, weathering, sheetwash and masé wasting
will gb on more rapidly and this slope of valley side will
be less steep than the north—fécing one (Thornbury 1966).
This reasoning obtains for mineral terrain.

V However, the asymmetrical valleys also appear in
the organic terrain as Figure 102 shows (K). Here the most
important factor confributing to the gentleness of the south-
facing slope is again its greater exposure to the sun.
This results ultimately in the thawing of the ice. This
action, on the other hand, is indirectly initiated by the
fragmenting and drying of the insulating peat overburden
which then has greater vulnerability to the erosional action
of strong winds, the effect of which is enhanced by the
shorter duration of the snow cover on this south-facing
slope. Thus, the slope slumps down when the ice melts in

it and the erosion wastes it faster than on the north-facing

slope.
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5. Oriented Polygons

. Very often the polygons in muskeg have linear or-
ientation when they are on slopes. fi@ure 60 shows how
they may occur in long rows, Thus small parallel drainagé
channels are formed between séveral rows of oriented

polygons serving as primary drainage channels for peat

plateaus in Marbloid areas.

6. Horsetail Drainage

Sometimes the pattern of draiﬁage in‘permafrost
areas is referréd to as horsetail drainage. This name is
derived from the arrangement of the secondary or tertiary
drainage channels more or less'parallel to each othér in
groups which join the next largest drainage channel
creating a pattern/yhich resembles a partially open horse-
tail. Figure 35 (é) shows a good example of this kind of
drainage pattern near Churchill in northern Manitoba.

- It is hoped that this short description and explana-
'fion of various factors as they pertaiﬁ to muskeg and re-
late to sub-surface iée conditions as well as to the air-
" form patterns will offer background for discussion on a

hypothesis suggesting a characteristic genesis and develop-

ment of aerial pattefns.




~Pig bl

Ice wedge polygons oriented
along the slope to form drainage
channels in typical Marbloid near
Chesnaye, northern Manitoba. Enlarged
from high altitude (30,000') airphoto.
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DEVELOPMENT OF THE MARBLOID AIRFORM PATTERN AND DESCRIPTION

OF VARIOUS STAGES IN THIS DEVELOPMENT

The sfrongest argument which justifies the use of
the Marbloid airform patternAas an indicator of sub-surface
ice conditions is the proposed progression of Marbloid from
an initial stage far in the north through various develop-
mental stages into its senescent form near the southern
limit of permafrost. Aséociated‘with this development is
the manner inlwhich it is closély tied to frost phenomena
in peat. The existence of this proposed development became
evident only after further examination of the phenomena some
of which were listed in the introduction and described in
detail in the previous section. The pattern development
has turned out to be of prime importance in the study of
the relationship between airform pattern and sub-surface ice.
It also is responsible for the widening of the initial
scope of-thié work to cover many general aspects of paludi-
fication which help understand pattern evolution and thus
indirectly also the relationship between muskeg pattern and
sub-surface ice. This section will deal mainly with the
identification and description of the proposed development
as the present author has discovered and sees it with var-
ious interphases in the develoﬁmental trend proposed as

encompassing and accounting for the variations in Marbloid
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pattern. The section follbwing thereafter will deal more
with the physical and biological implications and factors
affe;ting this trend.

Assuming that the hypothesis is valid the evidence
for the development-of Marﬁloid can be marshalled as
follows. The initial stages of the pattern are encountered
far in the north where the first traces of paludification
can be found. Some of the characteristics of Marbloid
appear as far north.as the northern parts of Ellesmere
Island and in a more characteristic way on other arctic
islands, for example, as on Victoria Island where Study
Area 1 is located. In these areas Marbloid when it appears
‘in the ihitial organic terrain is very strongly influenced
by the underlying patterned miheral terrain, which is pro-
jected into the organic terrain. For instance, Figure 77
shows an initial Marbloid pattern as seen from an altitude
of about 2000 feet (600 m) on Victoria island (N.W.T.).

From this early stage, the development gradually
passes through several intermediate stages into the tfpical
Marbloid pattern, of which Figure 35 is a good example as
seen from an altitude of about 30,000 feet (9,140 m).

This typical Marbloid is most common in the northern part
of fhe.zone of discontinuous permafrost as in Areas 2 and 3.
South of this region the warmer climate affects the distri-

bution of permafrost and the vegetation on muskeg becomes

more luxurious and almost obscures the Marbloid pattern as
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seen in Figures 90 and 95.
Near the southern limit of permafrost (southern
limit of discontinuous permafrost zone), the Marbloid

pattern has almost entirely disappeared and only a few of

its characteristic features are recognizable from the air
photos. Here permanent sub-surface ice is scattered (cf.

Figure 99).

Features of Initial Marbloid Arising With Paludification

It is reasoned that thé muskeg in Area 1 and along
Flight Lineiz is essentially confined because this area
has not been free from the ice of the last glaciation long
enough for unconfined paiudificatioﬁ to occur. Also the
climéte is still too cold to encourage the strong vegetal
g?owth essential for rapid unconfined paludification. Humid-
ity'and geomorphic features here would favour unconfined
'paludification.

While in mést cases the peat deposits here are only
a few inches deep, in.some areas they attain thicknesses
in excess of two feet, especially in large mounds and peat
plateaus or small initial palsa formations.

Usuallf peat starts forming here in locations whére
free water_is available or on saturated ground. These
sites are usually either lower than the surrounding areas
or they are on gentle slopes where water trickles on the

surface and slowly flows down the slopes.
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Very commonly péludification here is initiated on
the shores of the numerous lakes and ponds which dot the
arctic 1anascape. These lakes are usually shallow so that
wave or ice action is not strong enough to hinder the paludi-
fication which in the form of slowly growing mats of muskeg
vegetation is encroaching on these shallow water bodies.
Most of the lake beds have been carved by the ice during
the glaciation or are thaw lakes (cf.‘ref; on paée 78, and
also Figure 82). There is a tendency for the thaw lakes
to move when the temperature differentials between opposite
shores cause temporary recession of permafrost on one shore.
This causes the ground to'settle enabling the water in the
lake to fill the resulting depression. The settlement may
even open a new dréinage‘channel and the whole lake may
slowly empty (Figure 82). This emptying or moving of a thaw
laké often causes the opposite shore to emerge from the
water. If this happens slowly enough, the ample amount of
water and wéll saturated ground starts to paludify and helps
the formation of muskeg on and 6ver the lakes. Figure 82
showé a good example of this phenomenon in the typical Mar-
bloid condition. Here the emptied thaw lakes have been en-
tirely covered by ofganic terrain. Figures 61 and 62 are
examples of how muskeg is beginning- to invade shallow ponds
in the Cambridge Bay area on Victoria Island, N.W.T. |
(Area 1). |

Figure 61 shows active paludification in a pond by
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semi-aquatic plants (mostly sedges) which are growing in
the shallow water and may be covered, during spring floods, .
by water for short periods of:timé. This can occur in the
centre. of the pond where the shallow peat deposits hardly
ieach above the surféce of the water even during the inter-
val when there is no flooding. This'type of paludification
is sometimes called télmatic paludification, which means
that the peat is formed‘in locations which are sometimes
covered by water and sometimes stay relati?ely dry (Kivinen
1948; Lukkala and Kotilainén 1951). Péat formed this way
characteristically contains many remains of sedges.in
addition to Sphagnum and to somé eitent, at least in North
America, remnants of sh;ubs (E-class). The latter, however,
are not so common in télmatic conditions in northern Europe.

..Figure,Gl is an example of progressive paludifica-
tion on Victoria Island showing that the effect of the pond
ice on peat along the shore is almost negligible. This is
evidenced by the sloping edges of the initial peat mat or
peat plateau in both the backgréund and in the foreground,
as well as by the vegetation invading the shallow water in
the centre Sf the pond. The early formation of mounds in
the foreground is also apparent.

Figure 62 shows a‘more advanced state of paludifi-
cation than that in the previous figure. Here the physical
ef?ect.of the ice on the edges of the peat layers beside
the pond is e&ident. The ice has thrust or broken the

edges of the peat plateaus.into steep slopes as contrasted
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Fig. 61 Initial muskeg being formed by filling up
of a pond in Cambridge Bay, Victoria Island, N.W.T,
Note the sloping bond edge ang loose F1 vVegetation
in the water,
Fig., 62 Initial nmuskeg in Cambridge Bay, Victoria
Island, N.w T. Domlnatlng Cover is Fr In the
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with the condition in Figure 61. Peat deposits‘here aré
also thicker, reaching up to 1 to 1.5 feet in thickness.
The advance of the peat into the §ond is slower than in the
location shown in Figure 61. It does take pléce, however,
as the muskeg végetatién growing in the water in the back-
ground shows. The longitudinal furrows in the peat plateau
on the left ana also the silty frost boil in the foreground
piercing the peat layer are indica;ions of fros£ activity
in the peat and in the underlying mineral terrain.
The>confineé peat areas shown in Figures 61 and 62
are initial stages-of future larger‘peat deposits and also
signify the presence of early Marbloid pattern.
Paludification in the Arctic is initiated directly
on mineral terrain if it is saturated. These conditions
almost always exist mainly because the permanently frozen
ground keeps thé water largely on the surface. Paludifica-
tion taking place on the ground which is above the suffaces
of water bodies is called "terrestic" (Lukkala and Kotilainep
1951). It also is called primary paludification when it
takes place on the mineral terrain which paludifies directly
after eﬁerging from the water as happens on the western
coast of FinlandiéiﬁAéﬂé.ééﬁé&iggnﬁfégiégzggg?along Hudson
Bay. In these areas the land is still eme;ging from the sea
as the crust of the earth assumes its equilibrium following
the recession of the heavy masses of céntinental ice.

The paludification of mineral terrain takes place
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Fig. 63. Initial paludification on a gentle slope

-in Cambridge Bay, Victoria Island, N.W.T.

Fig. 64. Shallow depression under paludification in
Cambridge Bay, Victoria Island, N.W.T. Note how
paludification proceeds along the shallow depression

on the slope in the background.
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mostly 6n gentle slopes and flat areas which are readily
saturated in the spring when the snow thaws, ané later in
the éummer by precipitéﬁién, and finally by the water
slowly released from the thawing.of the active layer of
permafrost.l In Area 1 the frost may recede about 12 to
15 inches into the peat.

"Figures 63 and 64 afe examples of shallow depress-
ions which have paludified due to trickles'of water running
slowly tﬁrough them. Figure 64 also reveals how paludi-
fication may fill small deéressions'higher on the slope
(on the right in the figure) and then spill the excess water
over the edge to enhance paludification down the gradient
(on the left in Figure; c¢f. also Figure 65). When thé
peat deposits become deeper, the muskeg will spread over
the mineral terrain éround it and if conditions are favour-
able an unconfined muskeg may be formed. Figure 64 shows
how the initial muskeg on Victoria Island may cover fairly
large areas and how it is.encroaching relentlessly on new
areas like the‘ﬁarrow channel-like depression on the gentle
slope in the centre of the background. This channel, when
the development of Marbloid pattern has reached its maturity
(cf. Figure 35), probably will represent a shallow FI
(sedge-Sphagnum spp.) drainage channel (cf. Figure 38).

Figure 66 shows clearly froﬁ low altitude (2000 feet)
the advance of paludification along the slopes in the manner

described. Here one can also discern Microreticuloid pattern
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éoo 500 400 800 200 100 - om.
Fig. 65. When muskeg on the right on top
of the hill becomes deep enough it
begins to spill excess water over the

ridge in the centre. The slope and lower

as has happened on the left already.
Impervious till helps keep the ground
saturated and enhances paludification.
This process is observable in Study
Area 1 (cf. Figure 63), (Diagram after
Kivinen 1948). ‘ .
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which is common in permafrost areas, especially in the init-
ial p?rmafrost areas. Outside the pefmafrost zone it is
fairly common , especially on raised Bogs'where it is in

the form of concentric ridges called "kermis", which appear
in areas of ombrogenic paludification.

The third main locatioh for the initiation of muskeg
in arctic areas is the depressions among sorted circles,
steps and soil stripes, ice wedge polygons, and sometimes
in the centre of sorted circles when the coarse material
around them is too coarse fbr vegetation and also higher
than the centres (Figﬁre 52).

These kinds of depressions contain a significant
amourit of water which often runs slowly, carrying nutriment.
Théy favour muskeg formation more than the surrounding high
microtopographic locations. Figure 50 shows initiation of
muskeg in the fissures among sorted circles on Victoria
Island, N.W.T. In this case the fissures have been filled
with a thin layer of peat and it is only a question of time
until the peat deposits wili spread over the centres of the
circles and form a continuoué mat of organic terrain. The
marked frost activity in the silty fines of the centres of
the circles in mahy cases may hinder paludification for
longer periods and may even break the already existing peat
mat as in the foreground of Figure 62. Here a silty frost
boil indicates the possible existence of a circle covered

by peat.
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Fig. 66. Low altitude (1500') oblique view of
initial muskeg on gently sloping hillside in Kent
Peninsula, N.W.T. Note Microreticuloid pattern (A)
and initial peat plateaus (B) w1th lichens

(H- factor)

Fig. 67. Low altitude (2000') oblique view of
initial Marbloid pattern in Victoria Island, N.W.T.

A -~ depressed centre polygons covered almost totally

with peat.

B - channel type polygons partially covered with peat.
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Figure 52 is an example of a reversed situation as
- compared With.that in Figure 50. In this case the peat haé
started forming at the centre of a sorted circle. The
coarse soil near the edge of the circle will not support
any muskeg vegetation. Also it is higher than the centre
and thus more susceptible to adverse climatic conditions.
The fissures between the raised centres of ice wedge
polygons (Washburn 1956) also offer good locations for
initial paludification in the arctic regions.. Figufe 67
shows both types of polygons undergoing initial paludifi-
cation on Victoria Island‘as seen from an altitude of about
. 2000 feet. 1In the foreground the centres of some depressed
centre polygons have been covered by a shallow deposit of
peat which appears flecked due to the hummocky grdwth of
. peat. This feature is common in areas with sub-surface ice
as will be seen later. 1In the background of this figure,
there are also a few channel type polygons under the influ-
ence of paludification, but here only the fissures between
polygons contain peat; the centres are still quite bare.
-Figure 68'shows the spreading of organic terrain from be-
tween sorted steps in the foreground in the flatter and
featufeless slope into a less confined muskeg area. In the
former location.the mineral sub-layer formations areopro—
jected into the organic matérial while in the latter area
frost and ice activity will form and indeed already has

formed mounds. These mounds resemble the mounds and "elongated
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- Fig.- 68, Initial paludification on sorted steps in the
form of hummocks and tussocks. Note how paludification
is concentrated in depressions. Cambridge Bay, Victoria

Island, N.W.T.

~Fig. 69. Poorly drained initial muskeg in Cambridge
Bay, Victoria Island, N.W.T. Note how muskeg in this

case is formed mainly by hummocks.
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mounds" (ridges) formed by the transgression of the contours

of patterned minera} layers into the peat.

General Features Caused by Transgression of Mineral Soil

Patterns Into Peat Deposits

The previous pages have given explanations and de-
scriptions related to the main microlocalities where muskeg
is initiated in the arctic study areas. The following pages
will describe some of the features, for example, mounds,
and tussocks*, and their relation to the underlying mineral
soil patterng such as sorted circles, steps, stripes, and
polygons and the general featufes of their transgression
into peat. |

| The forms in which the peat grows in the arctic
study areas are strongly affected by the growth habit of
plants such és tussock growth, and by the pattern of the
underlying mineral soil. Not only does the pattern create
suitable microlocation for peat to begin its formation, but
also the pattern of the.mineral tgrrain transgresses into
the overlying peat.

Figure 69 is a good example of a hummocky growth

assemblages associated with peat deposition in the Arctic.

*

Radforth (1955b) in differentiating between mounds and hum-
mocks avoids the expression tussock by incorporating it
under hummock on the basis that it signifies the same form
relationships as tussock. The writer uses tussock in a
genetic sense and retains it.
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This fqrm is common but is commonest in certain conditions
in ar?tic muskeg. This hummocky development is attained
mainly through the action of ice. A small patch of Sphagnum
may have initially insulated the ground and through regela-
tion started development of an earth mound with an ever
thickening deposit‘of peat on it. An example of this
hummocky type of peat area is shown in Figure 69 and is
referred to in Finland as 'pounikko'. It occurs very
commonly in northern Finland in regions having very sporadic
permafrost or at least frost which occasionally survives
through one or two summers (Ruuhijarvi, 1960). According
to Ruuhijdrvi, formation of hummocks having a permanently
frozen mineral soil core can be explained only by regelation,
that is, through the action of repeated thawing and freezing.
These hummocks ('pounu') formations appear most
commonly on slight slopes where the surface water trickles
slowly down, or on flat featureless expanses which are sat-
urated as in Figure 69 (slope) and 70 (background flat area).
In the background of Figure 70 appears, in an advanced
state of development, a peat piateau originating from separ-
ate pounu formétidns which have become contiguous.

. In the foreground is‘the sequel to the condition
shown ig Figure 68.' Here one can see that also in the shallow
areas betweenvsortéd steps there are hummoéks which, by
increasing in sizé, become contiguous and first £ill the

fissures with mounded peat, then spread over the centres, and
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Fig..70. Initial peat plateaus being formed by
coalescence of peat mounds at Cambridge Bay,
Victoria Island, N.W.T. Note marked H-factor on

initial peat plateaus (yellow to white in colour).

Fig. 71. Initial transgression of sorted steps into
peat and appearance of H-factor (lichens) on peat
as revealed by yellow colour in the foreground.

Cambridge Bay, Victoria Island, N.W.T.
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finally.cover them with mounded peat as in the foreground
of Figure 70. Here outlines of éteps afe still visible
throuéh the beat where some hummocks and tussocks have lost
their identity and produce mounds which no longer conform
to the contours in the underlying mineral terrain, the
sorted sfeps. This photo also shows how these two forma-
tions join each othér gradually to form a peat plateau
with characteristic featureé varying from the background
hummocky appearance into the mounded condition of the fore-
ground. It also shows how these microtopographic feétures
may symbolize by implicatién the topography of the under-
lying mineral terrain.

The pounikko formation is more common on areas with
slightly better drainage than on areas with fairly uniform
FI type muskeg which is often formed by overgrowth of.ponds.

Reference was made to Figures 50, 51 and 52, among
others, when the possible ;ocations ahd modes of initiation
of paludification in Area 1 were explained. All these
figureé show too the initiation of the development of peat
in the areas with patterned mineral soil. Figure 79 shows
how sorted steps in theifar north may be invaded by peat
and how these features transgress into the peaé. Figure 71
-shéws in addition that sometimes this tfansgression may start
in the centres 6f the circles and gradualiy cover them, re-
sulting in the incorporation of this feature into the over-

lying peat. Further evidence of this is given in Figure 62
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where there is a silty frost boil in the foreground indi-
cating the presence of a covered sorted circle in the
underlying mineral‘terrain. Either this circle was so
elevated that it still has not been covered fully 1like
others in the vicinity, or the frost activity in the silty
centre has been so strong that it has disrupted the exist-
ing shallow deposit of peat.

Frequently, the circles, steps and stripes, after
contributing to peat microtopégraphy, maintain their ident-
ity until the late stages of development of Marbloid arise.

Figure 72 reveals how peat covers steps and how the
original sorted pattern form deteriorates due to the cover-
ing peat mat in the course of change to muskeg.
| The‘polygons or at least certain elements of poly-
gonal fofmations offer favourable sites for the initiation
of muskeg. The polygons also extend into overgrowing peat
deposits. This transgression starts very early. Figure 73,
taken on Ellesmere Island at its northern end near the
permanent ice cap, shows polygons of mineral terrain and
their gradual transgression into the peat. The polygons
of the slope in the background, as well as those in the near
foreground, are still devoid of peat. In the centre they
have been invadéd by a thin but not always continuous layer
of peat, which shows "pounikko" type growth, initiated by
small ffozen earth mounds like those in the background on

the slope. One can see how some of the polygons of the bare
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Fig. "72. Diagraﬁ of earth mounds (on the left) and
nonsorted step (on the right) after Sharp 1942, |
These earth_hummocks represent the hummocks of initial
muskeg in Figure 62 where most of the peat is on top
of the h#mmock. The stép is representative of tﬁe
conditions in Figure 68. Peat has not covered it
totally yet;“ This shows how'aﬁ,originally sorted step
of mineral terrain becomes non-sorted when it acquires
a peat cover which camouflages the sorted appearance

of the underlying mineral terrain.

5

Fig. 73. Polygons being transgressed into initial
muskeg in Ellesmere Island, N.W.T.

A

bare mineral terrain with polygons.

B

il

polygon partially covered with peat.
C = polygons covered with a thin virtually continuous

peat deposit.
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mineral terrain continue without interruption into the peat-
covered area and are ciearly~apparent in the peat.i

Figﬁre 77 shows a low altitude view over a polygonal
area on Victoria Island. It reveals how the shallow de-
posits of peat coVe;ing the almost fully depressed centres
of the polfgonsrin the foreground have been transgressed by
these configurations. In the centre of the photo some
polfgons'with raised centres are only partially covered by
peat.

Polygons also may arise in the peat itself when the
depth of deposits is great enough. Figure 74 and 109
show a polfgon formed in the peat in a location where the
depth of peat is about six to twelve iﬁches and three to four
feet respectively. The depth of the deposit is sufficient
to encourage drying. A peat plateau is in the process of
being formed. The typical cover of small shrubs and lichen
(HE) is predominating here.

Figure 75 shows a relatively deep peat deposit in
which a set of polygons has formed. This area is, however,
more confined than that in Figure 74. The peat is about
one to two feet thick. It is apparent that the raw peat is
exposed in the fissure between two polygons implying possible
contraction in the frozen peat resulting in splitting of
the peat deposit. The.typical HE cover of Marbloid is ob-
vious especially on the polygons of Figure 75.

Earlier in the account, it was indicated that peat,
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Fig. 74. Large ice wedge polygons being formed

in the peat of initial:muskeg, Cambridge Bay/

Victoria Island, N.W.T.

s

Fig. 75. Polygon under development in a relatively

deep initial peat deposit in Cambridge Bay, Victoria

Island, N.wW.T.
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in its initial stage, often exhibits a hummocky appearance.
It is evident glso thaé mounds are formed where there is

no clear mineral soil pattern as a foundation or where

there are no tussocks or hummock (“bounu") featﬁres. 'In
these‘terms small mounds appear as shown in Figure 76. This
figure indicateé initial paludification‘of'é shaliow pond
by muskeg.vegetatibn. The mounds are due to differential
growth of various componénts of the muskeg vegetation.
Certain sedges, which thrive welllin»a moist environment,
grow in an uneven formation and form clﬁsters of vegetation.
The clusters, at higher elevation than the surrounding back-
ground, support vegetation which consists of species re-
quiring slightly drier conditions for growth. They accum-~

ulate and a small mound begins its development. This

mound usually persists and develops gquickly. Sphagnum fuscum

and other species, which favour relatively dry conditions,
are very common in these mounds. The hollows between the

mounds are often invaded by Sphagnum cuspidatum which favours

"wet conditions. However, the ﬁounds acquire other planfs
like shrubs, gfow larger, join each other, and soon may
form ridges (Fig. 112) ér‘large extensive areas with mounds
and ihtervening spaces with shallow wet hollows (Fig. 64).
These later fbrm major components of the Marﬁloid peat

plateaus.
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P

'Figo 76. Initial muskeg in Cambridge Bay, Victoria
“Island, N.W.T., showing initial peat-ridges;

hummocks, tussocks and peat mounds.

Fig. 77. Low altitude (2000') oblique view of initial
Marbloid in Victoria Island, N.W.T. |
A - initial peat plateau.

B - future drainage channel of Marbloid comparable

with those of typical Mafbloid,icf. Figure 35 (F).
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The Main Cover Classes of the Early Marbloid‘Condition
. As Figures 6lbto 64 reveai, the most common cover
in lérge areas is FI,'Sasically sedges aﬁd mosses. In the
FI cover there are patches of EFI. The‘"pounikko" areas
display FI aﬂd sométimes EFI cover in small hollows. The
E'éomponent COnSiéts'of small arctic shrubs. However, E
class dées not have the same éignificance in the formation
of peaty overburdén as in areas of typical Marbloid where
E is quite strong aﬁd becomes prominent as a Eonstituent of
the peat. AFrequentiyfthe initial cover of certain sérted
circles is composed of the classes E and H which form very
low vegetation as Figure 71 shows. E is often composed of
small arctic creeping willo&s'and short ericaceous shrubs

or other shrub-like plants (Cassiope, Dryas, etc.).:

The cover on the mounds and on young peat plateaus
is very oftenAalmost the same as on the typical Marbloid,
dominantly EH or HE. Figures 74, and 75 show this cover
on polygons formed in peat'on Victoria Island. It is appar-
ent also on smaller mounds as Figure 70 reveals. Here H
appears as yellow-coloured patches on thé highest mounds.
- However, the H-factor (lichen) is not yet so marked as to
impart the typical light tone which is a characteristic

feature of the areas of typical Marbloid.
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Contrast Between Typical and Initial Marbloid Features

1. The General Marbloid Appéarance of Organic Terrain in

the Arctic Area

The questions which arise now are how does the init-
ial muskeg forming Marbloid arise and héw_does it compare
with typical Marbloid described earlier.

| The initial organic terrain in Area 1 has many fea-
tures which onAﬁhé ground are identical to those of muskeg
which displays a typical Marbloid pattérno These features,
when seen from the air, convéy the appéarancé of the first
stages of the Marbloid condition. Low altitude views espec-
ially bear many resemblances to Marbloid, but careful in-
spection is necessary to reveal the same resemblance from
a high altitude view.

Figures 67, 77, 78, 80 and 81 are examples of low
altitude views over initial muskeg in Area 1 and aloﬁg
Flight Line 2 giving indications of the developmental trend
“towards Marbloid. These photos were taken étAan altitude
of about 2000 feet (600 m). Figure 85 is a high aititude.
stereo'pair of the generallarea revealing a few featureé
which imply the existenée of a trend toward a Marbloid |
condition.

Figure 67 gives an overall view of guite a typical
marble-like condition on Flight Line 2. Most of the ground
here has an intermittent overburden of shallow peat. The

light tone in the higher areas is derived from the fines in
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the centres of sorted circles, sorted steps and other re-~
lated.patterns, rather than 5y the H-factor of the typical
Marbloid. PFigure 77 gives another general Qiew of polygons
many of which have been iﬁvaded by a shallow deposit of
muskeq. . |

Howxdo these views and their details, as seen from
the air and on the ground, compare with the features of the
typical Marbloid as seen in Figure' 35. |

In the generél view of Figure 77, elevated, light
toned areas on the right éide of the figure represent
the future peat piateaus comparable to those in Figure 35,
(cf. letter (A)).' They aré also identical to the plateaus
of Figure 103 (A). The light tone of Figure 77 in the high
areas, in most cases, results from the high albedo of the
silty fines located in the centres of the sorted circles
and steps which abounq on these elevated areas, rather than
from the H-factor in the typical or near typical Marbloid
of Figures 35 and 103 respéctively. A élose inspection of
the hillocks'of Figure 77 shows that the peat is in&ading
them along the fissures;betﬁeen circles and steps as seen,
for instance, inAFigures 50, 51 and 68. The lower lying
areas among the hillocks are saturated and more extensively
peat covered. These areas show more polygons and fewerv
other patterns, especially in Figure 67, and will be event-
ually incorporated into the large peat plateaus of Figure

35(B) when the peat deposits are more extensive. Figure 103
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Fig. 78. Low altitude (2000'") view of areas with

initial muskeg (magenta.in.colour) near Cambridge‘Béy,

Victoria Island, N;W.T. Note high albedo of the fines
(A) in the centres of sorted circles which ha§e

_ concentratéd £0'the £6ps of hillocks and df sorted
steps (B) on the slgpes. iﬁitiél'muskeg has
invaded aepressions between these patterns and shows

in this figure as magenta in colour. .

Fig. 79. Marbloid peat plateau at a relatively deep
thaw lake where wave action hinders paludificétion

in the water. Northern Manitoba.
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is an intermediate stage in this direction so that the
large peat plateaus (B) have not yet joined as completely
as in Figure 35, but show large retiéuloid (C) or Micro-
reticuloid (D) spaces between them. Sometimes these Micrq—
reticuloid patterns appear (without stereoglasses) as
Dermatoid areas (Figure 103).

"The smaller features also form features comparable
to those in the typical Marbloid condition. Thus, for
instance, Figure 78 showing a typical patterned hillock
from low altitude shows the invasion of peat on flatter
areas in wide belts and on slopes in narrower ones. The
purplish coloured areas (purple bécause of inadequate col-
our c@ﬁﬁrol in the print processing) are covered by an al-
most continuous peat layer which sends branches up the
slope. This photo shows a developing peat plateau by a
relatively deep lake, which probably will remain open when
the muskeg is well-~developed and the peat plateau will
appear aé a steeply sloped shore of this 1éke. This con-
dition is well revealed by a high steep peét plateau rising
from a lake in the areas of typical Marbloid such as that
shown in Figure 79. It shows a peat plateau which has de-
veloped on a site similar to that shown in Figure 78. The
peat‘platéau in Figure 79 did not have an opportunity to
spread over the water, the depth of which has facilitated
.strong wave and ice action on the edge of the peat plateau

thefeby keeping it steep.
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Fig. 80; Low altitude (2000') oblique view of initial
Marbloid on Victdria Isiand, N.W.T. shpwing the
concentration of sorted circles on top of the hil;

and sorted stebs on the slopes. Ihitial muskeg still
occurs mainly in the trencheé between circles and steps.
Only the area with polygons in the\lower right corner
of the figure has virtuallylcontinuous peat cover.

A - future peat plateau lobe size order 1.

B - future peat plateaﬁ lobe size order 2.

C - future peat plateau lobe size order 3.

Fig. 81l. Low altitude (2000') oblique view of initial
muskeg on King Williéﬁ Island, N.W.T. Initial
‘Marbloid features recognizable as follows:

A - Marbloid peat plateau lobe size order 1.

B - Marbloid peat plateau lobe size order 2.

C - Marbloid peat‘piateau lobe size order 3.
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FiguresABO and 81,'on the other hand, show the
spreading of peat on shall&w ponds as well as over mineral
terrain. These figures compare favourably with Figure 35
and 103 in this respect. Thus, the areas in Figures 80
and 81 marked with (A) are early representatives of the
large lobes of peat plateaus of the typical Marbloid con-

dition in Figure 35 (letter C) and letter (E)in Figure 103.

The next order of lobe size of the lobes (B) in the initial
.peat plateaus represents fhe young degfee éf size in the
typical Marbloid (D) in Figure 35 and (F)in Figure 103.

The third order of the initial Marbloid plateau, (C) is
cbmpafable with (E) in the typical Marbloid of Figure 35
and(G)in Figure 10§. These figures<suggest that the mineral
terrain pattern often has a strong influence on the later
morphology of_the Marbloid pattern. This will become
especially clear in connection with the comparison of these
stages of Marbloid development with the senescent stages of

Marbloid.

2. Drainage Channels

Drainage channels that give a Eharacteristic impress-
ion in typical Marbloid are the narrow channels formed by
the widening of the fissures in the polygons under the in-
flueﬁce of gently running water. These channels are oriented
often along the slopé as seen in Figures 35 and 60 and as

marked with the letter (H) and arrows respeétively. These
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channels are derived from the original polygons projected
into the peat during the initiation of paludification as
found.now in the north (Figure.73). Their further develop-
ment is.sometimes responsible for the formation of rectang- -
ular streams ‘(Figure 58).

Some of the larger channels have been derived p?ob—
ably from the larger ones of the type seen in the centre
of Figure 77. This would correspoﬁd to the channel seen
in Figure 37 in the typical Marbloid.or one marked with
the letter (F) in Figure 35.

_Shallow FI drainage channels are either widened
channels arising betweeﬁ polygons or derived from shallow
paludified éeéreséions of the type éeen in the centre of
the background of Figﬁre 63. This would correspond to the
channel seen in Figure 38 from Chesnaye areé,in northern
Manitoba or to the channel (Gf in Figure 35.

In any case the direct derivation of the drainage
channels from channels in the initial muskeg is nét usually
discernible because of the great changes in the development
of the drainage features in éeneral and because of so many
variables affecting their development. One can assume,
however, as a result of the above comparison that certain
types of drainage configuration in the initial muskeg lead
to recognized features in the typical Marbloid not only

directly but by succession through several steps.
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3. Thaw Lakes and Ponds

The numerous thaw lakés form a feature which is very
typical in Eoth thé initial and ﬁypical Marbloid condition.
The major difference between the appearance of the lakes .
iﬁ the two cases is that the edges of peat plateaus in the
initial muskeg areas are mostly sloping because the peat
deposits are ﬁot vefy thick. In the typical Marbloid,
the sloping pond and laké margins gre also common and quite
often imply paiudification of the lakes by overgrowth
(Figure 44). Steep pond margins are more frequent here
than further noxth (Figuie 45} . The same condition pre-
vails farther north as shown in Figure 79. The thaw lakes
tend to migrate because of the differential temperatures
in their immediate vicinity and/or due to tilting action of
' the‘emefgence.of the land from the sea; This migration is
not very aépa&ent in the initial muskeg areas where the
peat deposits are intermittent and thin. If a thaw lake
. does empty suddenly because of tilt there will not be marked
telltale depressions revealing its previous position because
of incomplete peat deposits. 1In typical Marbloid on the
other hand, emptying is often revealed by regular depress-
ions in well developed, relatively thick peaf deposits. Thus,
Figure 82 reveals a set of thaw lakes in Marbloid country
ﬁhich have;drained at va;ioué times.(A) or which are still
bging emptied by new arainage channels (B) or which have

emptied only partially (C) or which are threatened with this



Fig. 82. High altitude (30,000') vertical stereo-
pair near Areav2:showing thaw lakes'in different
stages of development. |

A - empty tﬁéw lakes of various ages.
B - thaw lake beiﬁg drained.

C - partially emptied thaw lake.’ .

D - thaw lake which will empty if pérmafrost undergoes

further regression.

Fig. 83. Markedly eroded trench between ice wedge

polygohs serving as a drainage channel in young

Marbloid area, Ennadai, N.W.T.
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fate if the permafrost rétreats.locally (D). The empty
thaw lakes which have had some time to paludify have usually
developed DFI cover mainly due to the high watér regime in

them caused by their low position in the landscape.

4. Comparison of Cover Formulae in Relation to Initial and

-Typical Marbloid
The ﬁajor difference between the cover classes of
: .

initial Marbloid and typical Marbloid is the smaller variety
of cover in the former as compared with the latter. The
major cover formula in the initial muskeg area is FI, even
on fairly well developed peat plateaus. This formula plays
only a secondary role in the cover of the typical Marbloid.
It appears there mainly along drainage channels (Figures

36 and 37). ‘Opcasionally it may cover fairly large areas

in the locations where polygons with depressed centres appear
(Figure 41).

In the initial muskeg areas, EFI and FEI.formulae

are ‘fairly common. These appear on tyéical Marbloid only

to a limited extent along the edges of peat plateaus. The
"cover formed by lichens and small shrubs as a main constit-
- uent, EH or HE, appears on the best developed initial peat
plateaus as in the lécation shown by Figures 70, 74 and 75.
In typical Marbloid this cover is tﬁe predominant one. It
is the most visibly striking and gives the light tone which

contributes so noticeably to its marbled appearance.
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Cover.formulae which are quite common in the typical
Marbloid but which do ﬁot.océur in the initial muskeg Area
1, for example, are those with trees, AEI and, more often,
BEI and BEH. They are missing from the initial muskeg
areas for the reason that the climate is too severe for tree
growth. .Cover With larger bushes, for example willows,

(D class), appears only farther séuth where typical Marbloid
‘becomes coﬁmon. This fofmula .appe;rs earlier than those
with trees (Figures 79 and 83).‘

Thus the difference in the cover between the initial
muskeg and the typical Marbloid refiects the amelioration
of the climate and other environmental conditions along with
the more vigorous paludification and faster development of

Marbloid.

5. Comparison of Transgressed Mineral So0il Patterns in Initial

and Typical Marbloid

The typical features like non-sorted circles, steps

and stripes and polygons observed from the ground in the
initial muskeg areas are not always easily recognized in the
high altitude photos. Polygons can be seen under close in-
spection of a stéreopair with stereoglasses. In Figure 85
‘polygons are in evidence althdugh their detection in this
caée is difficult due to the bad photographic conditions at
the time of photography. On the other hand, in Figure 35,

from a typical Marbloid area, they are easily observed in
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great numbers. From lower altitudes the smaller features
are fairly easy to detect and they show clear-cutevidence

of the developmental trend of Marbloid.

In the typical Marbloid the poiygons on the peat
plateau seem to be oriented.along the slope quité often aé
seen in Figure 35. This orientafion is not often observable
in the initial Marbloid. The orientation may lead through
enhanced erosion to the formation of small drainage channels
'in the Marbloid. -Figure 83 shows a very clearly developed -
polygohal drainage channel with FI'énd EFI cover in it.

This kind of channel in older Marbloid further south may
develop into a beaded stream. Figure 59 is a high altitude
view of this kind of deveiopment. |

| ‘Also the polygonal fissures, when oriented, may not

" be in a direct line but form sudden bends and this can re-

sult in an angular stream like the one shown in Figure 58.

6. Comparison of a. High Altitude View of Initial Marbloid

With that of Typical Marbloid

Figure 85 is a stereopair of the initial Marbloid as
it is seeh from an altitude of qbout 30,000 feet (9140 m)
on Victoria Island. It does not have the obvious light tone
as the typical Marbloid condition does due to the fact that
the muskeg has not deveioped to that degree yet and the
.typical Marbloid cover EH or HE is still'quite limited in

amount as is indeed the entire peat area. This figure compares
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well with Figure 84, which is also a high altitude stereo-
_pair. It is from a point just north of the southern 1limit
of the zone of continuous permafrost in northern Ménitoba» ﬁ?
in an area where typicai Marbloid is just beginhing to
appear very prominently. In this figufe the small round
formations marked with the 1ettér (A) represént palsa~fdr—
-mation. They are large peat mounds with frozen peat or, in
some cases, frozen mineral soil cores. Thése formations
have been first described as occurring in northern Finland
where they are quite a common siéht in the areas with dis-
continuous permafrost. There they may attaih heights of
over 7 meters and widths of over 200 meters (Ruuhijarvi
1960). In the case of Figure 84, these formations are truly
palsas since they demonstrate peat cover. Only field study
would reveal whether they have peat or mineral soil cores
and quite probably there are both typeé in this location.

In this area the smallest ones which are distinctly recog-
nizable from high altitudes are only about 10 meters in
diameter. The largest ones still recognizable as separate
individual palsas are up to 300 meters (1,000 feet) wide.
‘The small palsas here appear to be undergoing formation and~
increasing in size. When sevéral of them coalesce they

form groups which gradually widen towards the lower edge of
the figure and form lobes of typical Marbloid plateaus énd
finally entire plateaus (B, C and D). Tﬂe amplitude of height

was not measurable with a pocket stereomicrometer because



Fig. 84. ‘High altitude (30,000') vertical
.stereopair showing -formation of Marbloid peat
plateaus by coalescing palsas in Area 2,
northern Manitoba.

A -. unattached palsas.

B - a group of' contiguous palsas.

C - initial confined peat plateau formed by
coalesced palsas.

D - mature Marbloid peat plateau formed by
coalesced palsas. sy

E - Microreticuloid pattern localized in

FI areas.

207
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its accuracy is less than the attainable accuracy of 2 per
mille (2 0/oo) of the photographic altitude (for an aécur—
ate height measurement use of a stereoplottef was not
obtainable and even then the r?sults could deviate *2 meters
or about 25 ﬁer cent from the probable maximum height of a
palsa). These formations have HE as major cover. The
spaces-between them are identified‘with FI, EFI, and DFI
cover and show locally small areas of microreticuloid pattern
(E). | | o - i
The pattern in Figure 85 corresponds well in main
features with that shown in Figure 84. The extensive light
areas are still mainly devoid of a continuous peat layer.
The light tone there is still imparted by the fine mineral
material located in the céntres of sorted circles and steps,
etc. Some of the light toned areas here are hills too hiéh
to become paludified except if the climate should be favour-
able enough for ombrogenic paludification as in Areas 17 to
19. The low dark-toned area is already paludified as are
the smaller light-toned areas within it. There is a number
~6f small palsa-like formations here (A) comparable with those
in Figure 84 (A). They have a peat cover but the cover
formulae are mostly FI or EFI on the low ones as they were
“on thé smallest oneé in Figure 84. Here, only the larger
palsa formations have.enough H cover to render a light tone
(B). Theré is also some amalgamatioﬁ of a few palsas here

to imply the possible initiation of a Marbloid peat plateau.
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(C). Although ground checks were not carried out in this

location, from the short time available for paludification
as wéll as from the prevalencé of a severe climate one can
deduce with reasonable certainty that these palsas have a

frozen mineral soil core.

Comparison of the Features of Initial and Typical'Marbloid

With Those of Senescent Marbloid

The features of more advanced, older Marbloid, south
of Areaé 2 and 3, have not beenmentioﬁed yet.r This section
will deal in more detaiilwith the features of senescent
Marbloid and with the description of how typical Marbloid
loseé its characteristics south of Areas 2 and 3 where
Marbloid airform pattern‘occurs in its most typical form.
During a southward traverse from Areas 2 and 3, the Marbloid
airform pattérn gfadually loses its identity until it dis-
appears entirely ét the southern limit of permafrost just
at the northern tip of Lake Winnipeg. Traces of its former
existence oﬁtside the permafrost zone arewto be found, for
example, in the Moosonee area.

The main general reasons for the disappearance of
- the Marbloid airform pattern in the south are the warmer
climate which is favourable to vegetal growth and the longér
time for development since the emergence of the land from
the continental ice sheet and from the sea after the latest
glaciation. These factors have ensured that ﬁnder improving

conditions, paludificatioh has become stronger and has, along
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with the.recession of permafrost, slowly covered the fea-
tures in muskeg which were formerly connected with severe
ice conditions. |

The first features to disappear are polygons. This
does not mean that they have ceased to exist, but that they
are obscurbed mostly by intensified growth of the surface
vegetation and are not so easily observable directly from
the air. Mainly, the denser growth of shrubs (E-class)
and the appearance of small trees in abundance even on the
peat plateaus conceal the outlines of polygons from direct
observation. Thus, in Figure 86, which is a high altitude
stereopair from northern Manitoba about 140 miles (225 km)
south of Churchill, the polygons are not visible from this
altitude. Tﬁe peat piateaus of the typical Marbloid (Figure
35) here are being heavily invaded by tree growth, (Picea
mariana) and display Stipploid appearances (A). The poly-
gonal outlines are still seen in some areas as implied in-
directly by the more or less circular growth of trees along
the‘fissures of polygons under recessive development as
marked by (B) (Figure 86). The lobate configufation of
typical Marbloid is lost here to quife a marked degree due
to the thawing of permafrost which promotes'slumping'of
péat plateaus. This is seen in numerous locations in Figure
86 (C).

The drainage is better developed here than in typical

Marbloid. The channels are more numerous and small channels
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Fig. 85. High altitude (30,000') vertical stereopair
showing initial Marbloid on Victoria Island, N.W.T.
A - small pglsa.

B - larger palsa with lichenaceous cover (H class).

C - initial peat plateau formed by coalesced palsas.

Fig. 86. High'altitude (30,000') vertical stereopair showing
old Marbloid in northern Manitoba.

Av~ peat plateaus have been invaded by trees and

have acquired Stipploid pattern.

B - trees Qrowing in circles implyiné existence of
disappearing polygons.

C - slumped and irregularly shaped edges’of peat plat-
eaus implying regressive development of permafrost.

D —'me@ium size drainage channel in development towards
its maturity.

E - slight meandering is evident ip drainage channels
as testified by paludified old channels with FI cover
(chanhel visible as a dark line).

F - thaw lakes filled up by muskeg vegetation.

G - paludification of thaw lakes still under progress.
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of the type seén in Figures 37 and 38 have here developed
into larger ones and have caused some erosion of thé adjacent
peat plateaus (Figure 86 (D)). Often‘these channels have
quite wide flat areas beside them with DFI and FI cover -
predominating; These flat areas also\commonly have a Mic-
roreticuloid pattern (Figure 86 (E)).

The number of thaw lakes is smaller here than in‘the
earlier stages'of Marbloid development. The lakes have
either drained as happened in the typical Marbloid (cf.
Figure 82) or even more often they have been filled with
muskeg Vegétation which has overgrown them and shows now as
large FI areas (Figure 86 (F)). Some of the lakes show
evidence of overgrowing to be still in progress (Figure 86
(G)). The filling up of the lakes and ponds also contrib-
utes to the increasing amount of FI and EFI cover here
as compared with the typical Marbloid north of this area.

The peat plateaus still have generally EH or HE
cover, but B and A also appear here, in some locations quite
markedly.

Figure 87 shows from a low altitude (about 1,000 feet,
300 m) a condition identical to that in Figure 86 about 20
miles (30 km) south of the location of the area shown in
Figure 89. 1In the foreground there is a peat plateau with
- trees of the class B and an understory of HE. This kind of

peat plateau is permanently frozen while the open areas behind
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-Fig. 87. Low altitude (2000")
oblique view of old treed
Marbloid area which corresponds
to that in Figure 86.

A - treed Marbloid peat plateau.
B - areas with FI to EHI cover
representing either filled in
thaw lakes or areas where
permafrost has receded from

the peat plateaus and which

have repaludified with resulting
cover mentioned.

C - thaw lake being filled up
with muskeg vegetation.
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it with FI cover along its edges do not contain any ice,

at least in the peaf. H, in this case, appears dull gtay

in colour as seen in the centre of the first small open area
iﬁ the foreground in Figure 87. Usually there is ice undér
this cover whenever tﬁere is H in it. Thevonly lake which
has not. been overgrown by peat is to be seen iﬁ fhe centre
of the foreground as a blue spot.

In Figure 86 the drainage channels do not show a
beaded appearance or any angularity, features which are in-
terpreted as signs of sévere.permafrost conditions. The
lack of these features thus implies ameliorating conditions
in this respect. These features accompanied by the weaken-
ing influence of permafroét have been obscured by intensi-
fied stream_érosiqn and have been replaced by other features
of more mature rivers with wider valleys accommodating'.
meanders (Figure 86 (E)).-

Fufther south, Marbloid becomes even less typical
by losing ﬁore and more of its characteristic features al-
though sdme features persist as reflected indirectly by the
pattern. Thus, Figure 88, a high altitude stereopair of a
Marbloid‘stillcﬂaer than that in the previous figures, and
located near Willbéach about 170 miles (275 km) SSW of
Churchill, Manitoba, reveals several Marbloid features ai~
though they are more subdued.

The EFI and FI areas between fading peat plateaus

occupy much more space and regularly show Microreticuloid
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Fig. 88. High altitude ¥(30,000') Wertical
stereopair of senescent Marbloid near
Willbeach, northern Manitoba.

A - wide FI to EFI areas typifying this stage.
B - irregular edges of peat plateaus.

C - pure FI areas.

D - Microreticuloid faintly v151b1e on FI-EFI
areas.

E - concentric peat ridges adornlng the shore
of a thaw lake.

F - parallel growth of trees along the gentle
slopes implying that thHe underlying mineral
terrain patterns have transgressed into peat
(soil circles, steps and stripes).

G - trees growing in circles implying existence
of polygons in peat.

H - palsa formation.

I - FI areas being formed along the edges of
receding peat plateaus.

This area is a representative of an area with
both Marbloid and Terrazoid features.
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pattern which isAtypical both of the northern initial muskeg
as well as of certain southern muskeg but is relatively un-
common in the typiéal'Mérbloid condition (Figure 88 (A)).
The peat plateaus are disappearihg quite rapidly due mainly
to the changes in the environment caused by gradual thawing
out of permafrost even in the peat where it generally lasts
longest. The plateaus assume even more angular forms than
"in the areas shown in Figure 86 (Figure 88 (B)). However,
the H-factor is still quite strong on the peat plateaﬁs
where the major cgﬁer is BEH or BHE. The light gray tone

is rendered by the high albedo of the H-factor and is now
much more subdued than fhe bright light tone of typical
Marbloid (cf. Figure 35). The pure FI areas show as very
light, almost white, limited areas () and are often located
in the middle of broken down peat plateaus implying either
filled-up pond conditions or filléd—up thaw depressions.
Some of the larger FI areas bordering the edges of receding
peat plateaus signify newly started muskeg vegetation grow-
ing in the shallow depressions. These are along the edges

of peat plateaus where thawing of ice in peat has formed '

. them. They are favourable for the growth of FI vegetation

due to their high water regime (I).

Some of the largest open areas display FI cover
alternating with EFI or even BFI cbver on parallel ridges
as in (D) in Figure 88. The éoncentrically arched peat |

ridges along the large lake in the upper half of Figure 88 (E)
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imply that sbme of this Microreticuloid pattern may have
been formed as ice thrust peat ridges along the lakes or
ponds.

Some large peat plateaus support the growth of sﬁall
trees of class B in rows which are more or less parallel
to the gradient of the gentle slopes.- This type of growth
implies the existence of mineral soil features such as
sorted circles, steps and stripes, which have transgressed
into the peat as the initial development of Marbloid in
the north implied (cf. Figures 50, 51, 53, 57, 78, and 81)
(Figure 88 (F)).

Also the former existenée of ice wedge polygons in
the peat is still visible in thé circular growth rows of
small trees seen even at high altitude (Figure 88 (G)). The
trees in this case grow better along the trenches between
the polygons'where the ice has receded deeper than in the
centre of the polygons where the insulating effect of peat
preserQes ice closer to the surface thus hindering the growth
of the tree roots.

There is a number of palsas (H) near the eroding edges
of the peat plateaus. The palsas also show erosional char-
"acteristics although there is a slight disagreement among
investigators as to whether they are growing or actually under
erosion.

The area shown in Figure 88, is actually a "hybrid"

between typical Marbloid and typical Terrazoid conditions,
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being treed Marbloid-treed Terrazoid. The co-existence of
Terrazoid and the Macroreticuloid with Marbloié justifies

a short detailed glance into their features in the next
section to aid in the final analyses of certain factors in-
volved in the development of the'Marblbid battern and its
relation to sub-surface ice. |

Figure 89 is another high altitude stereopair of a
stage in the development éf Marbloid condition slightly more
advanced than that shown in Figure 88. In this figure the
relief appears todjfugged and high to contain any organic
terrain ‘but one should keep in mind that tﬁe stereoceffect
exaggerates the height by a factor of about 3 and thué even
small elevations'may.séem véry high and gentle sloﬁes very
steep. The érea shown in Figure 89 is located in northern
Manitoba jﬁst‘near the southern limit of the Hudson Bay un-
confined muskeg which here is interrupted by rugged Precam-
brian topogréphy and reassumes unconfined features only near
the northern end of Lake Winnipeg.

The mineral terrain features such as sorted circles
and steps which have transgressed into peat are very promiF
nent here and give a striped appearance to large areas of
this senescent Marbloid (Figure 89 (A)). The H-factor is
still fairly strong here and still renders a light tone to
most of the muskeg. 1In the flatter areas the peat plateaus
have attained to a great degree the form of treed Terrazoid

which seems to become more common when one approaches the



"Fig. 89. High altitude (30,000') vertical ster-
eopair illustrating relatively old Marbloid
condition near area 7 in northern Manitoba.

A - areas of muskeg where mineral terrain
patterns such as sorted circles and steps have
transgressed into peat.

B - thaw lakes and ponds filled with peat and
displaying predominantly FI cover.

C - initial dendritic drainage pattern.

D - rock outcrop.

E - circular growth pattern of trees implying
frost polygons. '

F - meandering river.
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southern limit of permafrost, confusing features in the old
Marbloid. K

Almost all the thaw lakes have been overgrown or
emptied and have all but lost their identity (B). The
stream valleys are deeper than earlier and the one in the
upper part of the figure shows wide meanders (F) implying
its old age as compared with the streams in the younger
Marbloid condition. The cover in the valley varies being
~BEH, AEH, AEI and BEI Qith narrow zones of DFI and FI along
the water. The drainage pattern is in general better
arranged here théh in the young Marbloid showing injitial
dendritic pattern (C), as compared with thé:deranged drain-
age (Thornbury 1966) pattern of the typical Marbloid area
-(Figuré 35}).

The small features such as polygons are still in in-
direct evidence. Although it is quite difficult to observe
them from high altitudes, from low altitudes these features
can still be identified. Figure 90 is a representative ex-
ample of conditions identical to those shown in Figure 89,
seen from a low altitude (2,000 feet, about 600 m) in north-
exrn Manitoba. In this area the outlines of polygons pro-
jected into the peat or formed in it, can be observed in-
directly. The polygonal outlines are delineated quite accur-
ately by the rows of trees growing most vigorously along
the fissures between adjacent polygons. These trenches form

a more favourable location for the trees to grow than the



222

Fig. 90. Low altitude (2000') oblique view of muskeg
in its senescent Marbloid state showing outlines

of disappearing polygons as outlined in the lower
duplicate. Note how thaw lakes have‘been filled and

display FI cover. Northern Manitoba.
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centres of the polyéons since the ice is receding in the
grouna and the trenches have a greater depth of unfrozen
peat than the centres. There the dfy peat with H-cover
forms a good insulator against the heat of the sun thus pre-
serving the ice. This preservation results in alhigher
permafrost table which does not favour strong tree growth
because the roots cannot tﬁrive in the severe ice conditions.
Only small B-class trees grow in the centre. The outlines
of polygons have been marked with a stippled line on the
duplicate copy of Figure 90 to show where the 6utlines of
polygons lie. The small FI and EFI areas in Figure 90 rep-
resent the remnants of thaw lakes and poﬁds which have paludi-
fied. This afea is comparable with those shown in Figures
67, 73, 74 and 80 of initial Marbloid and with those shown
in Figures 35 and 40 of typical Marbloid in Area 3.

Figure 91 demonstrates the appearance of one of the
striped s10pes seen in Figures 88 (F) and 89 (A) from a low
altitude of about 2,000 feet (600 m). This figure is a
good example of a late stage in the development of Marbloid
which in the far north was initiated on patterned mineral
terrain where these configurations transgressed into peat.
The condition here is identical to those shown in Figures
50, 51, 56, 57, 68, and 78.

The light coloured area in Figure 91 shaped like an
inverted triangle is a confined peat plateau developed on a

slope with existing patterned mineral terrain. The plateau
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Fig. 91. Low altitude (1500') oblique view of
senescent Marbloid peat plateau showing the patterns
of original mineral terrain which have transgressed
into the peat. Near Area 8, northern Manitoba.

1 - peat plateau lobe, size order 1.

2 peat plateau lobe, size order 2.

3 peat plateau lobe size 6rder 3.

i

A - traces of transgressed soil circles in form of
peat mounds.
B - traces of transferred soil steps in the form

of elongated peat mounds forming part of the peat

plateau lobe system.
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has a flecked appearance pniits upper parts in the.background
(). These flecks become elongated when one proceeds down-
slope.towards the centre of the fofeground. The "flecks"
in the background represent circles which have transgressed
into the peat-~like condition which is in its initial stage
in Figure 51. Towards the'lower end of the plateau the
circles are stretched and represent stripes or steps as in
Figures 57 and 68 which have transgressed into the peat.
The outlines here are accentuated by the small trees grow-
"ing in lines along the trenches between the circles and
steps, because as in the case of polygons, the trenches offer’
deeper soil for the tree roots than the domed centres of
these formations where the ice is preserved. The light tone
here is rendered by the H-factor which with E forms the main
cover on the centres of the circles and steps, rather than
silty fines as in initial Marbloid. The above-~mentioned
features have been outlined and annotated on the duplicate
of FPigure 91 to show them more clearly.

As compared with the typical and initial Marbloid
in terms of components of peat plateaus, the following is
apparent. In Figure 91; areas 1, 2 and 3 would correspond
to areas (A), (B) and (C) in Figure 80 and (C), (D) and (E)
in Figure.35 respectively thus denoting'the three main size
categories for lobes of a peat élateau.

Figure 92 shows a general low altitude view over an

area identical to ‘that seen in Figure 89, from high altitude.



228

This figure reveals clearly how the steréo effect exagger-
ates the dimension of height and how the relief is really
quite smooth and not rugged as suggested by the stereopair,
Figure 89. Figure 92)shows prominent DFI cover along the
stream in the centre, a feature which is becoming more evi-
dent hére in the south than in the north mainly because of
the more favourable climate. This areé also reveals the
extensive destruction of the tree cover by fire, a fact
which is demonstrated By fallen tree trunks which appear as
short light-coloured lines on the‘ground. The cover on the
peat plateaus is HE or EH with soﬁe B where the fire has
not destroyed it all. Between the plateaus there is also
some AEH cover. It, as Qell as B clasé, grows in parallel
lines, the implications of which were dealt with in the pre-
‘vious pages. It should be mentioned here that there are
numeréus outcrops of mineral terrain in these areas, espec-
ially in the locality where Figure 89 was taken. These
areas are marked with the letter (D) in Figure 89.

" The condition seen in Figure 93 is in areas in north-
‘exrn Manitoba near Ilford where the muskeg is still rather-
unconfined, although it showé some signé of the confining
effects of the Precamﬁrian topography. Figure 93 is also
from about the same areas as Figure 90, and from a low alt-
itude shows the recurrence of conditions identical to those
in Figure 90. This area, However, is almost level and there

are signs of only circles and possibly of polygons which
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Fig. 92. Low altitude (2000') obligue view of an area

identical to that in Figure 89, northern Manitoba.

Fig. 93. Low altitude (2000') oblique view of senescent
Marbloid near Ilford, northern Manitoba. Note outlines

of polygons in peat plateaus and a filled up pond in

the lower right side of figure.
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have transgressed into the overlying peat deposits. The
FI area on the'right in the foreg;ound represents aithaw
lake overgrown by peat. It does not appear to be the re-
sult of thawing of the adjacent peat plateau since there
is no slumping or eroded peat surface visible. This type
of peat plateau is similar to the flat area with polygons
seen in Figure 80, of an initiél’muskeg in Area 1 along
Flight Line 2. The light tone is rendered by the H-factor
in EH cover. Here too the lichens (H) are concentrated on
the higher centres of the circles and/or polygons covered
with peat. The narrow trenches among fhe polygons and the
circles have FI cover with some small trees of B-class.

As a rule the Marbloid feétures are not sufficiently
characteristic of the muskegs of Precambrian areas to be
visible clearly from the air. They still exist there but
in reétricted form and can be seen from a low altitude only.
Figure 94 is an example of this kind of condition. This
.area is located about 8 miles (13 km) west of Lynn Lake in
noréhern Manitoba near the border of Saskatchewan and Manitoba.
There is a small muskeg with typical remnants of a Marbloid
peat pléteau in its confined form visible from a low alti-
tude (2,000 feet). This platéau is bisected by a DFI drain-
age channel which ié typical of small drainage channels of
southern muskeé. In the left background treed Terrazoid
interferes and the Marbloid features are totally lost. The

existence of the Marbloid features with strong, although local,
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Fig. 924. Low altitude (2000") oblique view of senescent
Marbloid peat plateau in a confined muskeg about 8
miles weét of Lynn Lake, northern Manitoba. Note the
strong DFI cover along the drainage_cﬁannel and treed

Terrazoid in the background.

Fig. 95. Low altitude (2000') oblique view of senescent
Marbloid near Ilford, northern Manitoba. Light tone

in the treed.area is imparted by lichens (H-factor}.
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H-factor implies severe local sub-surface ice conditién
in this muskeg, which could be expected since this area is
still.within the zone of discontinuous permafrost.

South of Ilford, the Marbloid patéern gradually
loses its characteristic features, partly because of the
confined conditions of the Precambrién which do not favour
large peat plateaus and thué hinder the regular development
of Marbloid airform pattern. Only near the southern limit
of permafrost at the northern end of Lake Winnipeg does the
flat topography facilitating unconfined muskeg make poss-—
ible the appearance of the last traces-of Marbloid charac-
teristics before their final disappearance from view in
areas south of the southern limit of discontinuous permafrost.

Figures 95 and 96 are 50 miles south of Ilford in
northern Manitoba énd near the rugged part of Precambrian
but still display a smooth relief which is conducive to
an unconfined muskeg condition. These areas display Marbloid
which begins to be very heavily treed and definitely loses
its characteristics even when viewed from low altitude. In
Figure 95, the FI areas of earlier muskeg have become treed
to a great extent as the AFI and AEI in the foreground show.
The polygon covered peat plateaus are about to lose their |
'polygonal.pattern and are acquiring strong tree growth.
They display BEH and even AEH cover-in both of these figures
and especially so in Figure 96. The strong growth of trees

obscures the effect of the H-factor and, seen from a higher
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Fig. 96..Low altitude (2000') obligue view of
unconfined senescent Marbloid south of Ilford,
northern Manitoba. Note heavy tree growth and how

the trees are arranged into circles and rows implying

existence of patterned mineral terrain under muskeg.

Fig. 97. Low altitude (1500') oblique view of senescent
Marbloid between Norway House and Ilforxrd in Manitoba.

A - remnants of Marbloid peat plateau. Dominating |

cover on them is BHE (light tone).

B - areas which were formerly thaw lakes and

ponds but have been paludified later. Dominating cover

is EFI - FI.
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altitude, these areas have no really appreciable light tone.
In fact, the areas lightest in tone are now formed by FI
cover although its intensity is not of the same level as that
rendered by H-cover.

Further-south, the Marbloid plateaus, although still
‘recognizable from the air,. are very limited in area while
FI and EFI cover are increas;ng in area along with treed mus-
keg. Figure 97, 20 miles south of the area shown in Figures
95 and 96, shows an old unconfined Marbloid peat plateau as
seen from an altitude of about 1500 feet (450 m). This plateau
is in the centre of the foreground of the figure and is
covered with BEH, that is with short trees (mainly Picea
mariana), ericaceous shrubs, and licﬁens. In the background
there is another even more heavily treed peat plateau. On
the left in the centre of the photo there is a small area
of wet FI possibly denoting a paludified pond. Behind the
first peat plateau the cover is largely EFI and EI (brownish
in colour) which is being invaded with trees. In this area,
ice is encountered only in tﬁe peat plateaus as far as the
organic terrain is concerned.

Between this area and the large unconfined muskeg at
the northern end of Lake Winnipeg muskeg is restricted to
the depressions in the rugged Precambrian topography and,
mostly because of small size, does not show any clearcut high
altitude airform patterns. ANear Lake Winnipeg there is again

some evidence of remnants of an old senescent Marbloid.
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However, here even they are obscured by other patterns like
Stipploid and Dermatoid and especially by treed Terrazoid.
The number of béat plateaus with H in them is very limited
and generally H is hidden under heavy tree cover. .

Figure 98 is an example of this sort of condition at
Lake Winnipeg, northﬁest from Norway House as seen from an
altitude of about 1,500 feet (450 m). The Marbloid peat
plateaus have all but disappeared since the ice in them has
thawed. Tﬂey; or whatever is left of them (Figure 98 (&)),
are surrounded by FI and EFI cover which later will also
support trees (Figure 98 (B) and (C)), and often show micro-
reticuloid pattern. The wide FI-BEI channel in the back-
ground (D) could be construed as a widened shallow FI channel
of the typical Marbloid condition seen in Figure 35 (G).
Some of the Marbloid plateaus suppoft H cover but are ob-
scured by BE and AE. This condition is just a more advanced
stage in the development of typical Marbloid through the
treed Terrazoid-Marbloid condition of Figuré 88, to this
condition where treed Terrazoid is dominant over Marbloid
and which farther south will become mainly an area of inter-
mittent Dermatoid and Stipploid patterns mixed with occasional
Reticuloid and common Microreticuloid areas.

The lasthmarked occurrences of H—féctor near the
southern limit of discontinuous permafrost are seen in
large Dermatoid areas at the northern end of Lake Winnipegq.

This does not mean that there would not be any H on muskeg
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Fig. 98. Low altitude (1500') oblique view of treed
Terrazoid - Marbloid.érea just north of the southern
limit of discontinuous permafrost near Nérway Houée,
Manitoba.

A - senescent treed Marbloid peét élateau,‘

B - FI cover in depressions caused by slumping of peat
plateaus after permafrost in them had thawedo

C - EFI cover in older areas of regressive pefmafrost-
developmentu' |

D - FI - BEI channel with Microreticuloid pattern.

Fig. 99. First signs of very marked H-factor on muskeg

on a traverse from north to south near southern limit

of discontinuous permafrost near Norway House, Manitoba.
Low altitude (2000') obligue view. H-factor shows as

whitish flecks on the ridges.
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 further south, but it means that the intensity of H here is
such that it is easily detected from quite a high altitude.
Figure 99 shows this condition from an altitude of about
2,000 feet (600 m), The dominant cover in the wet depressions
is FI showing as greenish yellow in colour and EFI on
.slightly drier locations with some brown added. The rem-
nants of the peat plateaus appear as bluish green with white
at the edges. The blue is due to atmospheric haze} the green
is rendered by small trees growing on the plateaus, and the
intermittent light tone is accounted for by EH and HE cover.
This area is juét about at the southern limit of discontin-
uous permafrost as it is set by Brown (Brown 1967). From
here southwaids, the H-factor rarely appears on open muskeg
and is mainly confined to drier and mostly treed areas where
it is not readily observed from the aif.. Ground studies re-
veal that the frequency of occurrence of lichens (H-factor)
on muskeg is fairly high in certain conditions as will be
seen later but it shows, at the same time, that its inten-
sity is so low that it does not have any significance in
»the formation of airform patterns or even as a component of
the factors rendering tone to them.

The only possible remnants of a Marbloid condition
in the study areas outside the permafrost zones, and recog-
nizable from a high altitude, encountered in this study are
those seen in Figure 17 from Area 16, in the general area

of Abitibi Canyon-Coral Rapids. The possible peat plateaus
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show as clearly delineated dérk»areas (Figure 17 (A)) and
generally have a cover of AEI or BEI where the trees specif-

ically are Picea mariana (black spruce) while in the

éurrounding light areas, where the cover also is treed
(AFI or BFI to AEI and BEI),'the trees are mainly larch

(tamarack, Larix.laricina). The dark peat plateaus are

raised above their immediate surroundings and the water re-
gime is them is lower than in the surroundings. There is

a fair amount of lichen (H-factor) on these plateaus, but

not enough to show on aerial photos or to be influential

in a primary sense in cover formulae. The author is, how-
ever, inclined to regard these plateaus as initial raised
bogs since‘thé climatic data of this area imply rather cool-
humid éonditions (cf. Figure 27 and 30) which could favour
the ombrogenous mode of paludification. Still the raised
areas may have been established on remnants of old Marbloid
peat plateaus which, as higher locations, would be more
favourable than their surroundings to ombrotrophic plants,
No ice was found in these plateaus in August 1966 which is

to be expected since this area is outside the permafrost zone.




RETICULOID AND TERRAZOID AIRFORM PATTERNS: THEIR GENERAL
FEATURES AND DISTRIBUTION IN RELATION TO THE

MARBLOID PATTERN

‘Although Marbloid pattern is the most striking and
predominant one in the areas of permafrost, and especially
in the zone of discontinuous permafrost and the one which
can be best used in the prediction of sub-surface ice
conditions, it is no£ the only one. It is accompanied by
all other airform patterns of which, however, only two,
namely Terrazoid and Reticuloid patterns occur in higher
frequenéy in permafrost areas than elsewhere and seem to
have certain relation to the sub-surface ice.conditions as
well as to the Marbloid condition. These patterns can also
be used to a certain extent in the prediction of sub-surface
ice conditions from the air>and, in some cases, they even
allow refinements in the prediction of occurrence of sub-
surface ice in muskeg. This justifies a concise description
of their relevant features in addition to that in the

Appendix C.

Reticuloid Pattern: 1) Its Characteristic Features and Dis-

tribution in Relation to Marbloid Pattern

The Reticuloid pattern can be divided into two cate-

gories, that is, into Microreticuloid and Macroreticuloid.
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Macroreticuloid appears to be most common in the
- northern parts of thé discontinuous permafrost zone, espec-
ially in areas with flat topography. Macroreticuloid, or
Reticuloid as this word was and has been used for the
easily discernible high altitude pattern named by Radforth
(1956a and b), is a pattern which shows retigulations in
which the elements are formed by large peat ridges and the
mesh is formed by more or less open spaces between the ele-
ments. The size of mesh varies within wide limits from
ébout 20 feet (6 m) up to 250 feet (75 m) in width, while
the elements are generally narrower extending from 20 feet
up to 100 feet in width. In some areas Reticuloid is quite
coarse and the mesh may average 600 feet and the reticula
about 100 feet. Figure 163, in addition to that one in
Appendix C, shows well developed Reticuloid in Marbloid area.
Small scale Reticuloid could be called Microreticu-
loid as already suggested. This pattern is not generally
readily observed from high altitude airphotos, but to invest-
igaté it, one should use magnifying stereoglasses in connec-—
tion with stereopairs. The reticula are between one foot
and 30 feet in width and the mesh varies from about 5 feet
to 100 feet but is rarely so wide. This pattern almost
always corresponds to the low alfituae airform pattern called
Vermiculoid II (Radforth, 1958) , of which a short description
and a photo are given in Appendix B. Thé Reticuloid pattern

is divided into Micro- and Macroreticuloid to help in
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understanding its genesis and in interpretation of the
" effect of sub-surface ice on the development of muskeg and

muskeg patterné.

2. Characteristic Cover of the Reticuloid Pattern

The cover of Microreticuloid pattern in the areas
of initial muskeg is predominantly FI to EFI. FI cover
is especially plentiful in the spaces among the elements
(ridges) whenever there is some vegetation, although the
mesh here very often contains open water. Often the cover
consists of only sparse F in the most watery areas. The
ridges commonly display FI and often also EFI cover in these
low, mostly Microreticuloid reticula. On the larger ridges
E becomes more common as a part of the cover. In the best
developed ridges H-factor also beéomés prominent. Espec-
ially in the Macroreticuloid areas the role of H is signif-
icant due to the fact that the ridges hére are higher and
" drier than in Microreticuloid.

In the areas where tree growth is possible, the
elements acquire trees and the cover, especially on Macro-
reticuloid, is commonly BEI and BEH or BHE and can even be
characterized by A in the form of larger trees. Also Micro-
reticuloid regularly displays trees. Figure 100 shows a
low altitude view of treed Macroreticuloid in Ilford in
northern Manitoba. The ridges are covered with low trees,

lichens and small ericaceous shrubs, that is with BHE cover,
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Fig. 100. Low altitude (100') oblique view of treed
Macroreticuloid pattern in a Marbloid area near
Ilford, northern Manitoba. Cover on the ridges is

BHE and between them EFI to FI.

Fig. 101l. Low altitude (1500') oblique view of
unconfined muskeg with Microreticuloid pattern near
the southern limit of discontinuous permafrost east

of The Pas in Manitoba.
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in which the trees (B-class) are Picea mariana. The spaces

between the ridges carry a cover constituted of small shrubs,

sedges and mostly Sphagnum mosses, that is EFI cover, with

only FI just by the ridges probably because this represgnts

a more moist microlocation than the centreé of the mesh.
,Figure-lOI is an example of a large Microreticuloid

area in the southern part of northern Manitoba from an alti-

tude of about 1500 feet (450 mf. This shows hbw the ridges

carry a BEI cover while the mesh cafries an FI and EFI cover,

the latter beiﬁé dominant. ‘However, the Microreticuloid

cover here, and especially south of the permafrost region,

does not always display trees but‘is composed of FI, F and

I cover classes. Thus, guite commonly the mesh may be

open water or carry only a loose vegetation of sedges alone,

F

., or mosses alone, I, while the ridges carry FI cover and
show as lighter. areas in the aérial photographs against the
dark background provided by the we£ mesh.

A common and striking special form of Reticuloid
outside the permafrost region is that formed by raised bogs,
or, in other words, by ombrogenic muskeg, in areas where
the climate is humid enough for ombrogenic paludification.
In its most typical and striking form a.raised bog has a
reticuloid pattern in which the ridges form concentric rings
around the highest place of the bog which often is near the

centre. These ridges, often called by their Finnish name,

"kermi", are arranged perpendicular to the water flow. This
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type is called concentric raised bog (Ruuhij&rvi 1960).

Bogs in which the ridges do not form a full circle are
called eccentric raised boés (Ruuhij&rvi 1960). Even here
the ridges are concentric and perpendicular to the gradient.
Figure 102 is a low altitude example of a concentric raised
bog in-southefn Finland clearly showing the arrangement of
the ridges. Figure 127 is an example of a raised bog

pattern in eastern Canada. .

3. Distribution of Reticuloid in Relation to Marbloid Air-

form Pattern

The Microreticuioid pattern appears to be fairly
éommpn almoét anywhere in muskeg both within and outside
-the permaffost zone. However, its frequency is higher in
the permafrost zone than elsewhere and especially so in the
areas of initial muskeg although there its'détection from
high altitude may bé difficult. HoWever, it is readily
observed'from a low altitude as Figure 66 shows near Area
‘l and on the grbund as Figure 112 shows in Area 1. Its.
genesisvand appearance here are closely tied to the ice
conditions as will be demonstrated later.

The Macroreticuloid pattern, with the pattern of
raised bogs as an exception, is generally commén only ih
the areas of permafrost and especially in the 2zone of dis-
continuous permafrost. Quite commonly it is an integral

part of the Marbloid condition and may even become predominant -
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102. Low altitude (1000') view of concentric raised (ombrogenic) bog in southern
Finland. Note the typical concentric arrangements of peat ridges, called kermi,

and flarkes (rimpis). This type of Macroreticuloid pattern is also typical of maritime
ombrogenic muskeg in Canada. The highest place in the bog is in its centre, so that
the ridges are perpendicular to the gradient and thus to the flow of water.

04e
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in areas with vefy flat, smooth topogfaphy, Figure 103 is
a good example of a mixture of'Reticuloié patterns and
Marbloid as seen-from high altitude in Area 3. In this
area there arerlarge typical Marbloid peat plateaus (B)
with typical'Macroretiéuloid pattern'intermixed.with it
(C). There is also some‘Microreticuloid (D) in the flatter
~areas between peatlplateaus. ~ Some of the peat plateaus
themselves also exhibit irregular Reticuloid patterﬁ as a
result of numerous small thaw lakes on them (B). Strong
influence exerted by Reticuloid on the Marbloid condition
appears to be limited to the northern half of the zone of
discontinuous permafrost, and'eQen there to areas with the
smoothest relief. o

| .Towards the southern part'of the discontinuous per-
mafrost zone Macforéticuloid pattern disappears from the
landscape‘due to the strong paludification of watery mesh
in this pattern resulting in larger areas of FI and EFI
which, in turn, areAcharacterized by larger areas of Micro-
reticuloid pattern, as seen in Figures 86, 88 and 89. 1In
other words, the Microreticuloid pattern appears to be more
common in areas with initial and sepescent‘Marbloid while
Macroféticuloid makes its strongest appearance in the areas
of typical Mérbloid. |

; The,physicél and biotic factors involved in the

genesis of this pattern will be dealt with in the next chap-

ter together with those involved in the development of

\



Fig. 103. High altitude (30,000") vértical stereopair of Marbloid

airform pattern with strongAReticuloid pattern invading it in

northern Manitoba.

A - medium sized rather undeveloped peat plateau.

B - well developed peat plateau riddled with reticulate pattern férmed

by thaw lakes.

C

D

9

@ =

typical Macroretiguloid pattern.

Microreticuloid pattern in a low-lying FI area.
peat plateau lobe size order 1.

péat‘élateau lobe size order 2.

peat‘plateau lobe size order 3.

Reticuloid pattern_creatéd by solifluction.
parallel rows of lakes resembling thaw lakes but

Asymmetrical valley.

.created by solifluction.

cae
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Marbloid pattern and Terrazoid pattern.

Terrazoid Pattern Features as a Part of the Marbloid Condition

The second pattern also common as an integral part
of the Marbloidvconditidn is the Terrazoid airform pattern.
It is also’a high altitude airform péttern.and giﬁes‘an
Aimage of a table top sprinkled with salt ana pepper because
of the irregular white and dark patches which give it a
ﬁottled appearance. In Appendix C there is a figure and a
short description of its main characteristics but a more
exact description Wili be given here.

Typical Terrazoid is composed of the above-mentioned
dark and light patches. vThese aré related to the dark and
light areas of a low altitude (1,00Q—5,000 féet)‘airform
. pattern called Intrusoid (Radforth 1958). In its most typi-
.cal form, TerréZoia is devoid of trees, contains numerous
ponds and lakes and is most frequent quite far north in
areas where the typical Marbloid conditions make their first
appéarance. The'dark areas of typical Terrazoid are mostly
covered with FI or F and occasionally I alone. These areas
are flat and lie lower than the light areas which represent
shallow peat plateaué with HE or EH cover, rendering themn
light in tone. These shallow plateaus can'be construed as
initial stages of typical Ma;bloid peét plateaus, stages
which are more advanced than those in the areas of initial

muskeg .as in Area 1. Terrazoid pattern appears to be in
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many cases a marginal pattern in the development of Marbloid
pattern. It is éommon in areas where the typical Marbloid
is gaining area, but when typical Marbloid is fully developed
Terrazoid pattern all but disappears to make its reappear-
ance further south where the senescence of typical Marbloid
is advanced. In both areas of its main frequency of occur-
rence the Terrazoid pattern has the same mottled appearance
although the ideh£ical looking pattern componeﬁts are not
necessarily homologous but rather are analogous in their
development. Thus, for instance, in Figure 86, which shows
a good example of a pattern whichrhas components from both
Marbloid and Terrazoid, the Terrazoid appearance is repre-
sented by largeAdark EFI and FI areaslas seen in locations
(B and F) and by very light tohe areas as seen in locations
(B) and (B). Although the former correspond partly to the
dark areas of typical Terrazoid through their ontodeny, in
most cases they have different development so that they have
'not‘aiways been low-1lying FI or EFI areas but often have
been formed from thawed peat plateaus or from enlarged drain-
ége channels. The light areas here have this light tone not
due to HE or EH cover but to dense wet FI cover, being thus
totally non-homologous to the initial Terrazoid where they
represent shallow peat plateaus as cohtrasted to this case.
Here they represent thawed edges of permanently frozen peat
plateaus in which the slﬁmping of peét has created extremely

wet depressions where FI cover thrives. This difference in
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‘appeérance and the difference it implies in the development
of these variations of Terrazoid, imply the possible poten-
tial of this pattern, if used in association with Marbloid
and Reticuloid, in refinement of the prediction of the qual-
ities of sub-surface ice conditions in peat. |

The initiation of typical Terrazoid begins approxi-
mately in the same area as that of typical Marbloid and

may signify the éresence of severe ice conditions. In the
éreas of typical Marbloid, Terrazoid is absent, but at the
onset of the regressive phase in the development of Marbloid
the other type of Terrazoid appears implying the onset of
regressive development of permafrost. Further south near
the southern limit of permafrost where Marbloid pattern dis-
appears, Terrazoid does the same. Even here in the south,
the light EH areas of the far north are still represented
by equivalent low wet FI areas adjacent to ancient Marbloid
peat plateaus (Figure 98). In the same figure, one can see
that some of the dark areas have acquired BEIAor even AEI

cover.



ABIOTIC AND BIOTIC FACTORS INVOLVED IN THE DEVELOPMENT

OF THE MARBLOID AIRFORM PATTERN

This section thus deals with certain abiotic and
biotic factors contributing directly or indirectly to the
formation of airform pattern. Most of the measurements
concerning the physical properties of peat have been de-
fived from the existing literature. They are of such
nature that the aﬁthor did not feel it to be necessary to
duplicate them by éarfying them out especially for this
work. The measurementé in the literature originally were
not performed for this type of work and any conclusions
and deductions here based on the existing figures reflect
analysis of the figures by the present author. The author's
contribution in the form of conclusion in this section is
an integral part of the section and can be identified through
the references to the effect of various factofs on paludi-

fication or pattern formation.

-Permafrost

The majof sub-surface ice phenomenon concerned in
this study in relation to the high altitude airform patterns
is permafrbst. In a former seétioh the distribution in re-
lation to the study areas Qas described briefly. Here a
few more factors affecting the occurrencé of permafrost in

general will be dealt with before describing in detail how

257
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its presence affects the growth and development of muskeg
features leading to Marbloid and othexr airform pattern.

As Figure 32 reveals, the southern limit of contin-
uous permafrost follows closely the -5° C (20-25° F) iso-
therm of mean annual air temperature andAthé southern
limit of discontinuous permafrost follows quite closely
the 30° F (-1© C) isotherm of mean annual air temperatufe.
The broad scale of oqcufrence of permafrost is thus de-
termined by the climate, the effect of which of course, is
locally acted upon b& factors such as exposure of the slope,
snow cover, elevation, soil type; vegetation, drainage
conditions, and existence of large water bodies.

The southern limit of discontinuous permafrost
following the iéotherm of 23° F mean annual ground teméer—
’ature follows quite near. the isotherm of 30° F mean annual
air temperature and shows that on the average the difference
between the ground and air temperature is about 6° F. This
figure can be used to predict the approximate-ground temper-
ature in the permafrost region if the air temperature is
known (Brown 1968b).

Between the isotherms of 30° F and 25° F mean annual
air temperature permafrost is highly discontinuous, if not
sporadic, and very often limited to peat lands due to certain
special properties of peat. Also, the high air temperature
here does not allow any large increases'ih temperature before

permafrost starts regressing even in peat. At the isotherm
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of 25° F mean annual air temperature, and north of it, the
difference of 6° F between the ground and air temperatures
which allows a small margin for negative (below freezing)
temperatures in almost any kind of soil and permafrost is
considerably more widely spread here than farther south.

At about the isotherm of 17° F mean annuél air temperature
permafrost becomes continuous and ubiquitous (Brown 1967a).
dnly east of Churchill does continuous permafrost in the
Hudson Bay Lowlands reach south of this isotherm, probably
because of the large unconfined mﬁskeg areas there.

The seasonal variations in temperature affect mostly
only a thin layer of the surface called the active layer of
'permafrost. The thickness of the active layer varies
according to the climatic conditions as well as to the local
features that affect distribution of permafrost. 1In the
Arctic the thickness of the active layer is in most cases
from one to three feet (loc. cit.). In thege arctic areas
the thickness of permafrost itself varies froﬁ more than
1;000 feet (300 m) in the north to about 200 feet (60 m) at
the southern limit of the continuous permafrost zone (loc.
cit.).

In the discontinuous permafrost zone the thickness
in its northern parts down to about the isotherm of 25° F
mean annual air temperature varies from about 50 feet
(15 m) to 200 feet (60 m). Soﬁthward from here it thins

out sometimes to a few inches only. The depth from the
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surface to the péfmafrost table varies between.2 and over
10 feet (.6 m to 3 m) and, in éeneral, the active layer
reaches the permafrost table only where it lies within 5
feet (1.5 m) from the surface (loc. cit.). 1In the discon-
tinuous permafrost zone, there are areas of permafrost at
great depths where the thaw does not reach. These areas
were presumably formed during the eras of very cold cli-
ﬁates (loc. cit.). In muskeg the figqgures given do not
always apply, because of specific chafacteristics 6f peat
as will be explained later.

The general terrain conditions affect gréatly the
local occurrence of permafrost. Thus, the relief is of
great importance since it affecté thermal insulation. The
southérn slopes generally get more solar radiation than the
northern ones where permafrost thus appears more prominently.
‘This is clearly seen in many areas of senescent Marbloid
where the regressive devélopment of permafrost has set in
so that the peat plateaus sﬁéw signs of permafrost thawing
more often in their southward facing slopes than on their
northward facing ones.

Although the elevation above sea level has a strong
effect on the distribution of permafrost since the tempera-
ture falls with increased elevation, this factor is not
significant in the present study.

The general drainage conditions affect locally the

distribution of permafrost. Thus, for instance, large water
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bodies do not have perﬁafrost under them due to their large
heat capacities and moderating effects. The existence 6f
this éype of unfrozen area depends on the depth, tempera-
ture and surface area of the water boay as well as on the
thickness of ‘ice, snow cover on the water body during
winter and on the composition of bottom sedimeﬁts {Brown
1968b). In general, very large areas with unfavourable
drainage conditions also tend to have unfrozen gaps in the
permafrost presumably due to the moderating effect of watei
masses on'the ground temperatures. On the other hand, in
some cases, very well drained areas may not have permafrost
depending on the soil £ype.

A very important factor in the local distribution
of permafrost is snow cover. The general thickness of snow
cover, the time when the first snow comes in relation to
the oﬁset of below freezing temperatures, and the time of
_ the thaw of the snow in the spring affect the permafros£
conditions strongly. More details on the effect of snow in
connection with other physical and biotic factors as they
affect the formation of certain pattern constituents will
be given later. | |

Vegetation also has a strong local influence on the
distribution of permafrost, but this also will be dealt with
later and iny that of muskeg vegetétion will be discussed
because other aspects are beyond the scope of this work.

The above-mentioned factors should provide a basis
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for considering the effects of ice in peat. Meanwhile a
short discussion of the principal'theory of formation of

ice lenses in soils is offered.

Formation of Ice Lenses in Soil

It is known that ice cpmmonly appears as large lenses
varying from a few millimeters to as much as a meter thick
in peat and also in other soils. This phenomenon is very
common in peat and has been studied to a certain extent
although generally the hard work in obtaining any good samples
or profiles of massively frozen peat has hindered these
stﬁdies. SOme‘recent studies in Scandinavia (Forsgren 1966)
and Finland (Salmi 1968) refer to more extensive studies in
this field and particularly to the fact that in some palsa
formations the majbr part of the thickness is made of ice
lenses and that the peat appears as thin layers in them,
(Salmi 1968).

There are varioﬁs hypothesis about the formation of
ice lenses in soils Eut the exact physical details still re-
main a mystery; The general features of the process, how-
ever, are as follows. When the temperature is lowered slowly
the ice lenses are formed. If the freezing takes plaée
rapidly, there will be no lenses. In slow freezing, the
water starts to freeze in the épaces in the soil and the
last spaces to freeze are small pores. It is notable that

in the small capillaries of the soil the water may be



26%

considerably overcooled since the freezing point of water
under pressure is lowered andvin the capillaries there are
high pressures due to the cohesion of the water molecules
in confined spaces and in small drcplets. Thus, the frost
area ﬁay'contain unfrozen water which is important since |
when the water in the larger spaces has frozen more water
is attracted to the freéiing area by suction at the crystal-
lization surface. This water is obtained from theAcapillar—
ies where it is still unfrozen. Thus, an ice lense is
formed and its thickness and extensiveness depends on the
availability of water. If there is an ample amount of water
available, as generally is the»casé in peat, the ice lense
may grow quite large or several ice lenses may be formed
untilvthe surrounding soil is exhausted of water. As a re-
sult the profile of a frozen soil now shows layers of the
parent soil alternating with quite clean, clear ice. The
soil between the layers sometimés appears quite dry but
its temperatures are well below freezing. Even sampled
peat thus frozen appears dry for a few séconds before the
ice starts melting. This kind of growth of ice lenses causes
lift on the surface. The conditions of the locality deter-
mine whether this 1ift will be temporary or permanent.
Between the layers of frozen soil there may remain
unfrozen water. According to Brenner (1931),'in rich clay,
water may remain unfrozen even at -22° C, because of the

fine pores with high pore pressure in this socil. In coarse
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sand the freezing begins at about -0.15 to 0° C because of
large .pores with low pressure. There are no figures like

this for peat.

The Effect of Vegetation on the Distribution and Occurrence

of Sub-Surface Ice

An important factor locally affecting the distribution
of sub-surface ice, either permanent or temporary, is vege-
tatioh. A few major points will be briefly discussed here
as an introduction to the effect of muskeg vegetation, and

peat on the ice and vice versa.

In general, the literature, in most cases, seems to
agree that the vegetation favours permafrost whenever the
climatic, terrain and other local conditions are suitable
for permanent sub-surface ice (Benninghof 1952, Tyrtikov
1956, Brown 1963). It should be kept in mind that the
effect of the vegetation, whether it be either beneficial
or detrimental to sub-surface ice, is a complex matter
affected and modified by factors such as evaporation, trans-
piration, temperature, snow cover and terrain conditions,
locally and to some extent also regionally. Thus, the
effect of the same.vegetational features in one area may
be quite different and, in some cases, even reversed from
fhat in another. Also large seasonal Vériations of the cli-
matic factors modify strongly the effect of vegetation, as

well as that of muskeg, on the sub-surface ice.
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Vegetation<affects sub—su;face ice predominantly by
interfering in various ways with the heat balance of the
soil. In the north where due to qold cliﬁate the bacterial
activity in the soil is slow the litter from the vegetation
does not'humify as fast as it does in the warm climates.

As a result of this, a considerable layer of litter accumu-
lates.on the surface. Especially in the coniferous forest
this litter blankets the ground as one can see even in
southern Canada in dense growths, say, of white pine. This
litfer with large air spaces forms a good insulating layer
agéinst heat exchange between the atmosphere and the soil.
It tends to retain moisture in large amounts often contain-
ing 100 to 150 per cent of water of its dry weight (Tyrtikov
1956). Thus, in its dry state, it acts as an insulator and
in its wet state as a heat conductor or coolant due to
evaporation from its surface. Hence if the soil is frozen
under it and if the litter is dry the soil tends to remain
frozen. Now, if the dryness and the wetness vary in a cer-
tain sequence together with the air temperatures so that
dryness prevails when the air is warm and wetness prevails
when the air is cold, the soil tends to stay cold and the
persistence of sub-surface ice is secured due to coolness
of the surface caused by the different physical character-
istics of the litter. Actually peat acts to a great extent
in a similar way. This sequence takes place in the areas

of permafrbst guite often (Tyrtikov 1956).
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The transpiration of water through vegetation‘also
affects the moisture exchange be£ween the soil and atmos-
phere and thus the heat balance. When the plants transpire
they absofb moisture from the soil reducing its water con-
tent and reducing at the same time its heat capacity which
means that the soil temperature will rise fastefvwith the
same heat input. But, at the same time, evapofation from
the soil's surface decreaées the temperature at the surface
and together with the transpirétion incfeases the dryness
of the soil surface and increases its insulating capacifies
by reducing its heat conductivity. All this contribﬁtes to
slower warming up of the soil and, if it is cold already,
to the preservation of éoldness and existing sub-surface
Aice in it.

The snow cover and forest together create conditions
which affect strongly the local distribution of sub-surface
ice. This is_based on the fact that trees shelter the
~ground from the insolation and also from heavy winds and
affect the accumulation of snow on the‘ground. The shadow-
-ing effect against insolation will tend to keep the ground
cool under a forest cover.

The interaction of sﬁow and trees is more complex.
Very often the first snows come and settle on the tree crowns
and do not reach the ground as fast as in open spaces. This
leaves the ground in the forest exposed to the cold air for

a longer period than in the surrounding open areas and thus
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enhances the freezing of the soil to greater depth and helps
preserve permafrost table higher under the forest cover.
Later, during the wihter, the snow falls off the tree crowns
and also the snow drifting in the wind on the open spaces
tends to accumulate around obstacles of whichba treed area
is a notable one. Thus, when the:winter continues, the
snow cover in the forest tends to grow thicker than in the
surroundings. In the spring, the tree crowns again offer
shéiter against the heat from the sun and so the thaw pro-
gresses faster in the open spaces than in the treed areas.
To this is added the effect of lingering snow since it, as
a good insulator, adds to the sheltering effect of the tree‘
crowns and keeps the underlying soil cooler much lbnger than
the soil in fhe surrounding open spaces where the snow dis-
' ap?ears earlier. These circumstances together with other
factofs further contribute to favourable conditions for pre-
serving the sub-surface ice in the areas covered with vege-
tation. Based on this in the north, black spruce on poorly
drained grounds thus may be used as an indicator of severe
sub-surface ice conditions and this associates with Marbloid
condition especially in areas of senescent Marbloid.

These examples are only a few of how the vegetation
and permafrost or sub-surface ice condition interact in
terms of energy relations. The reader is réferred to
Tikhomirov (1952) and Tyrtikovv(1956, 1959) for further de-

tails about the effect of vegetation on the sub-surface ice.
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Major Reasons For Accumulation of Peat Deposits

Muskeg vegetation and especially peat underlying it
forms a special vegetal environment in a biological sense.
Muskeg is also a geological formation if one considers only
the peaf deposits, which in that case may be regarded as a
group éf soils.

Two features of the climate, low temperature and high
humidity, are two of the>funaamental causes of peat forma-
tion, a degenerated mass of fossilized plant remains.

Since the decaying of dead plant remains is a result of
bacterial and fungal activity and,in a rarer case,of the
activity of certain algaé,.the ambient temperature affects
it étrongly. Thus, for instance, in the warmer climates
there is not very mmuch undeca&ed, unhumified litter due to
temperature conditions which favour bacterial and fungal
activity. In the tropics dead plant material is very rapidly
turned into soil and does not have a chance to accumulate

to a significant degree. 1In the north, on the other hand,
the climate is cooler, the activity of micro-organisms is
greatly reduced and the litter in the forests and plant
material in the bogs does not humify readily but accumulates.
The temperature alone could not, however, ensure very large
accumulations of unhumified p;ant material, because in
thicker deposits the heat resulting from the bacterial
activity would be retained better and actually could raise

the temperatures quite high. The increase in temperature
26t
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would stimulate degradation.

Relatively low temperature slows down the activity
of micro-organisms which ndrmally cause decay of plant
material, and peat will form. This is further helped by
wet environment which plays a very significant role. The
general high water regime ensures that the environment
approaches anaerobic conditions. This means that whatever
humification there is in the developihg peat deposits, is
a result mainly of activity of anaeroboic bacteria. Thus
most, but not all, of the aerobié activity is eliminated
in these conditions, especially so in the deeéer layers.,
Therefore, most Humification takes place near the surface,
because even in a dry muskeg, the water regime becomes
higher with increasing depth, slowing down the aerobic
activity. ‘

A third, rather special feature of muskeg environ-
ment is its high acidity; This depends on various assoc-
iated features, for example, the composition of the under-
lying bedrock. The peat is more acid above an acid rock
formation than ébove a basic one (Salmi 1958). Thus, the
reaction of underlying rocks seems to affect directly that
of the peat. However, it has been noticed that the acidity
of peat which is composed mainly of Sphagnum is generally
higher than that of other peats. Thus, for instance, Salmi
(1949) gives the following pH values for different peat types

of a bog in southwestern Finland in the following table.
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Table 1

pH Values of Various Peat Types in
Pinomdensuo, Southwestern Finland (after Salmi 1949)

Sphagnum peat ' pH 3.20 4.11, average 3.77

Eriophorum-Sphagnum peat pH 3.59 - 4.35, average 3.90
Carex—-Sphagnum peat pH 4.02 - 5,21, average 4.52
Sphagnum-Carex peat pH 4.43 - 4.59, average 4.52

This writer.hag found that the pH values of Sphagnum
peat may go as low as 2.50 in extreme cases. It was found
that the pH valﬁes in a number of bogs in central Finland,
according to measurements carried out by the author, varied
from 3.00 to 5;50 in peat Qith Sphagnum as a dominating
constituent and up to 7.50 in Bryales (Hypnum) peét. The
author's conclusion is that the reaction of the underlying
mineral terrain here has particular éignificance in the
initiation of the bog; This means that if it is acid, only
plants which favour that type of environment will invade the
area and begin paludification. Thus Sphagnum mosses are
the most likely to form the bulk of the peat in an acid en-
vironment while Bryales mosses, which favour neutral oxr even
alkaline conditions, will be more important in paludifcation
of basic alkaline areas. Later, effect of underlying rock
will also be intensified on Sphagnum peat since the Sphagnum
peat has higher acidity than ﬁhe acid bedrocks and this is
'a result of the functions of the living Sphagnum mosses

themselves.
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| In the soils as well as in the élants there are
colioidal acids called acidoids. ‘fhe acidoids in peat soils
are stro;ger than those in the mineral soils and the ex-
changé capacities of peats are high resulting in ﬁhe fact
that the plants in peaty soils thrive well at low pH values.
lFurthermore, Sphagnum shoots continually form more acidoids
in their apices. These also creéte the required electrical
potential between the moés and its foundation and this
forces base cations from the'peat to péss into the moss to-
wards its upper parts since the potential difference between
- the moss and the peaﬁ increases towards the upper par£s of |
the moss (Puustjarvi 1959 a and 1959 5). Functions such
as this tend to accentuate the acid conditions in peat.

The acidity of peaty environment contributes to the
slow breakdown of the plant material because this environ-
ment ié not favourable to micro—organisms decémposing
organic litter.

Thus, deséite relatively slow vegetal growth and
accumulation of dead plant matter in the relatively cool
and humid‘climates, the slow breakdown;of plant and other

organic material guarantees that peat deposition ensues.

The Mode of Formation of Peat - Factors Affecting the Rate

of Growth of Peat Deposits -

The mode of formation of peat varies. Mainly it is
formed by Sphagnum mosses as one major component and the

sedges and other mosses as the other component group. When
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the peat is composéd mainly of sedgesrénd structurally re-
lated plants it has been formed from the dead individuals,
which initially have formed only thin layers of litter on
which younger individuals have grown and the thickness of q
which they have augmented'With their remains. However, the
peat:is composed rarely only of sedges; it also almost in-
variably contains some Sphagnum. Most frequently Sphagnum
actually is the major component because in most cases it
is the major contributor to paludification of large areas.
As an individual Sphagnum plant grows,‘it extends from its
apex and dies at its base which is incorporated into the
mass of remains of neighbouring Sphagnum. Because of factors
already descfibed, the resulting mass does not decay but
forms peat instead. Depending on the éegree of moisture
the living parts of the Sphagnum descend to varying depths
from the surface. In wet areas the moss is dead about 5 to
10 cm under the surface while in drier, more aerobic condi-
tions 'it may show signs of life even at depths of 30 to 50
cm. |

The rate of increase in depth of peat deposits depends
on many factofs. Also these factors as well as the rate of
' plant growth affect the structure of peat deposit and, since
.the insulation capacity of peat is a function of the struc-
ture, a brief account of the rate of growth will be presented
here.

It is known that some Sphagﬁum species can grow 2 to
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3 ém a year (Kivinen 1948). This f8st growth affects only
the surface and when the peat layers are formed and grow in
thickness their own weight will press the lower layers to-
gether and the actual growth in thickness is only a small
fraction of the growth of the Sphagna on the sufface.
Lukkala (1929) in Finland has measured the growth of thick-
ness of peat in different kinds of muskeg and gives the
following values. Wet treed muskeg with thin layers of
peat (korpi - cf. Glossary) grows about 0.1-0.2 mm a year.
Treed muskeg with large shrubs and Sphagnum (r&me - cf.
Glossary) increases about 0.2-0.3 mm a year. Treed SphagnumA
muskeg increases about 0.8-1.2 mm a year (Sphagnum.rame -
cf. Glossary). Opeﬁ muskeg‘with large sedges and Sphagnum
(suursaraneva - cf. Giossary) increases about 0.4-0.6 mm a
year. Open muskeg with hardly anything but Sphagnum mosses
and only sparsely distributed small sedges (kalvakkaneva -
cf. Glossary) increases about 0.5-0.7 mm a year. THese are
averages for large, thick deposits. During the develop-
ment of muskeg there have been stages when the increase has
been éonsiderably féSter than these figures show and stages
when it has-been,slower.. Genérally, when the climatic con-
ditions have been cool and humid, the peat has developed
rapidly and then it usually'contains large amounts of Sphagﬁum
mosses. This is due to slower humification of peat in
these conditions. Rather 'raw' peat formed this way appears

commonly as light brown or even yellowish in colour.
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Structurally this kind of peat is very fluffy and 1ight and

does not show as high a degree of consolidation as other

~ types discussed below. In Figure 104 a peat profile of

about 90 cm (3 feet) thick @eposit shows layers of slightly
humified predominantly Sphagnum peat as annotated. These
light coloured layers were formed in -the above-mentioned
manner. They show large air spaces which contribute to
high capacity for water fetention as well as high insulat-
ing capacity especially in the dry state. In this éase,
"dry state" alludes to the degree to which peat may dry

on the éurface of muskeg seasonally (in extreme cases its
moisture content might be only 250~300 per cent of dry
weight). It does not mean fhat peat would dry up totally,
to a<aegree where the cellé of plants would start to re-
lease their moisture; This good insulating capacity of
peat has significanc;'in_theiformation of features which
contribute to'airférm patterns and preservation of ice in
peat.

In drier conditions of_the climate muskeg acquires
trees and commonly shrubs and lichen. Also the surface en-
vironment is more aerobic than during maist climatic condi-
tions since the ground wateé table is lowered. The bacter-
ial activity is ihcreased and humification is much more
thorough resulting inidegenerated peat. Also the propor-
-tion of Sphagnum wiil be smaller in’the composition of the

peat. This all results in fewer air spaces because of



Moderately well humified Sphag%um-
shrub peat. Degree 6 in v. Post's

system

Quite raw, predominantly Sphagnum
peat. Deg%ee 2 in v, Post's system

Predominantly Sphagnum peat
Humification degree 5 in v. Post's
system

Block of wood embedded in peat

Well humified peat containing a
large amount of remnants of shrubs

and some Sphagnum and sedges.
Degree 8-9 in v, Post's system

Fig.104, Peat profile showing variations in peat
and degree of humification in a deposit due to
differentials in the past history of the environment.
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gfeater degree of consolidation. Peét of this constitution
would have relatively low water holding and insulating
capacities. This kind of well humified peat is dark in
colour.as Figuré 104 reveals. In the literature, these .
recurring dark layers showing ameliorated climatic condi-
tions are called recurrence surfaces (for example, Tolonen

1967) .

Insulation Capacity of Peat

1. Structure of Sphagnum Moss: Its Sigﬁificaﬁce As An In-
sulation

To aid in understanding the properties of peat, a
brief detailed description of the structure of Sphagnum
moss is given. Figure 105 (from Paasio 1935) shows the
structure of Sphagnum moss. The croés—section of the stems
reveals (C) that there are three kinds of tissues: "pith"
(c), and an outer cylinder of two zones (sk), (c). The
"pith" acts as a storage place for reserve nutriments and
as a transport system. The thick walled cells (sk) give
support to the plant. The outer zone is made of one to
four layers of cells. These are recipients of nutriments
and water and also transport them to the upper parts of the
plant.

There are two types of leaves: branch and stem
leaves. The leaves (B) are composed of one cell layer.

There are two types of cells in the leaves both of which are



~ Fig. 105. Structure of Sphagnum moss (after Paa-
sio 1935).

A -~ horizontal view of leaf containing one cell
layer. ' :

~ living chlorophyll-rich cell.
-~ dead water water cell.

- pore in water cell.

supporting ring in water cell.
- cross section of a leaf.

- cross section of a stem.

- l!pithll.

sk - schlerenchyma.

e - water cells of outer cylinder.
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visible in both cross-section (B) and hérizontal section
(A) of a leaf. The most coﬁspicuous cells are dead water
cells (w). These cells are either filled with water or
air. They contain a number of pores (1) and supporting
rings (v). The living cells contain chlorophyll and are
narrow, elongated in form; and form a network (a) in the
meshes of which the dead water cells.are situated. Collec-
tively the water cells when empty in the dry state of peét,
may contain considerable amoﬁnts of air thus rendering
peat that contains much Sphagnum a very good insulator.
Peat which contains oﬂly Sphagnum plants would not
probébly be the best’insulator, since these plants are
guite easily compressed if any pressure is exerted on them.
In nature pure Sphagnum peat is uncommon, but contains large
amounts of fibreé derived from other common muskeg vegeta-
tion constituents such as sedges or grassés, other mosses
and shrubs. These fibres give a framework for Sphagnum in
which it may exist in a relatively loose form. Also, the
framework of fibres itself contains large spaces which can
be filled with air or water depending on seasonal fluctua-
tions in water regime. In detailed image a typical fine
fibrous peatlwhich is composed mainly of Sphagnum, sedges
and remnants of small shrubs would show arrangement of
woody and non-woody fibres of shrubs and sedges respectively
and the remnants of Sphagnum occupying the spaces of this

fibrous network. There is an impression given of large pore



279

space, if one can so say, of peat, énd how peat in a ary
state can act as an insulator and also how it-can sefve as
an aquifer during freezing periods facilitating the forma-
tion of ice lenses in peat. It is important to note hefe
that if the peat is dried to such a deéree that the water
is evaporated from the water cells, it is extremely diffi-
~cult to wet it again since the pores in the water cells are
so small that the refilling of them with water is virfually

impossible because of the surface tension of water. Wetting

depends upon inhibitional properties, too.

2. Effect of Moisture on the Insulation Capacity of Peat

Peat has a low co~efficient of heat conduction, which
is dependent on its poroéity and moisture content.

Theé moisture content of soil affects strongly the
heat capacity. It is generally expressed in calories per
degree centigrade (Hodgman,}lQGﬁ). The specific heat of a
dry soil is only about one-fifth of. that of water. The
specific heat of water is 1.0, that is one calorie is needéd
to raise the temperature of one gram of water froﬁ l4.5°4C<
to 15.5° C.' The higher the water content of a soil the
higher its specific heat due to raised heat capacity. At
the same time the heat conductivity (expressed in cai/sec
sg. cm °c cm) (Hodgman, 1963) is raised since the heat con-
ductivity of water (about 0.001348 at 0%) is higher than
fhat of the air which has been replaced by water in the'

soils. Thus, saturated cool soil changes in temperature
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slowly due to high héat capacity. This applies eﬁen to
artifically dried peat which increases in temperature twice
as fas£ as saﬁd or gravel as compared with slow warming up
of wet peat in its natural condition (Ohlson 1964). 1In -
natural conditions, dry peat is a good insulator and it

has been éroven that if its volumetric water content is
doubled, its heat conductivity is more than doubled (McFar-
lane 1969). Table 2 below shows the effect of moisture on
soil temperature according to Johnson (1952). It shows
clearly that the wetter the soil is the higher are its heat
capacity and specific heat and more heat is required to

. raise its temperature.

Table 2

Effect of Moisture Content of Soil on its Temperature
(according to Johnson 1952)

Temperature increase in
: a naturally moist soil
Moisture Specific by application of one

content % heat - hundred units of heat
Sand 16.96 0.1915 0.005876° ¢
Gravel 10.45 0.2045 0.006520
silt 29.16 0.2059 0.005790
Clay 40.7 0.2154 0.004848

Peat 256.5 0.2525 - 0.002127

There are two major variables which affect the in-
sulating characteristics of soils. One is heat capacity.
From the above, it appearé that the higher the heat capacity

or specific heat of a soil is the better insulator it is
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initially since it tekes some time-tq warm it up and to
start the flow of peat_through it. In Lapland, according
to measurements carried out by Kaitera and Helenelund (1947),
the yearly frost reached a depth of 86 cm. in gravel, 71
cm 1n4sand, 57 cm in clay,'and 58 cm in peat The shallow
depth of frost in the wetter soils was regarded as a re-
sult of its higher heat capacity. An example may explain
this phenomenon. The heat conductivity of sand is about.
0.00093 (Hodgman 1963) and specific heat about 0.19 (John-
son 1952). The heat conductivity of wet unfrozen peat_ie
0.00125 (McFarlane 1969) ‘and specific heat 0.96 (McFarlane
1969). According to the heat conductivity velues, sand
should conduct heat much slowef than wet peat but the great
difference in the values of specific.heat in favour of peat
ensure that sendy soil in this case will warm up faster énd
freeze up faster and deeper than peat because much heat

is required to heat the peat itself before any heat flows
~through it. This means that, if the temperature difference
above the soil and in it remains constant, a large portion’
of heat is conducted'rapidly deep into the sand since saﬁd it~
self heats up fast. In peat the flow of heat from the at-
mosphere into the peat is faster than into sand but, due

to high heat capacity of wet peat} a large amount of heat
is required to WQrm3peat,near the surface, resulting in a
slow penetration of heat inte greater depths. |

Now the characteristics of peat in its dry state in
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contrast to wet state conditions caﬁ be considered. As has
been shdwn above regardless of high heat conductivity peat
even in its wet state is a better insulator than sand or
gravel in their normal condition as shown in Table 2. The
coefficient of heat conductance of peat depends on the
moistureAcontent and also on the porosity. In its Wet
state peat pores are filled to a great extent witﬁ water.
Since the heat conductivity offwater is high and that of.
air negligible,‘dry peat will act as a more capable insu-
lator fhan wet peat. In this case the low heat conductivity
of a dry peat as a reducer of heat transfer through ﬁeat
overrides the effect of high specific heat of wet peat.

| The,knbwledge of the thermo-physical characteristics
of peat is not yet very a¢curate'sinde the literafure gives
quite varying values. According to Brown (1966), the heat
conductivity of peat is approximétely the samé as that
for snow, which is 0.00017. The heat conductivity of sat-
urated peat is 0.00011 and unsaturated is 0.0007. Accord-
ing to Hodgman (1963) the heaf conductivity for compact
snow would be 0.00051 and for wet snow 6.00033. There are
~ unexplained discrepancies in these comparisons. However,
figures given by McFarlane (1969) are more specific and

can be relied upon. According to him, the specific heat

of peat can be calculated by assessing the heat capacities
of volume fractions of water (CVW), air (Cva), and solid

matter (CVS) and taking their sum. Cva can be omitted
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because it is so small. Table 3 gives calculated values of
specific heat for unfrozen peat with different Cow and Cos

values.

Table 3

Calculated Values of Specific Heat for Unfrozen Peat
(after McFarlane 1969)

C
vs ‘
CVW 0.10 0.20 0.30
0.5 0.56 0.62 0.68
0.6 0.66 0.72 0.78
0.7 0.76 0.82 - 0.88
0.8 0.86 0.92 0.98
0.9 0.96 1.02 1.08

This table shows that the specific_heat of unfrozen
peat is fairly high depending on'the'moisturevcontent. Peat
used for these calculations must contain much water since
the specific hea£ for a peat containing 256.5 per cent of
water on a dry weight basis has a specific heat value of
-0.2525 (Johnson 1952). This ;able reveals that temperature
change in the peat when it is wet is slow due to high heat
capacities. |

The table below shows calculated values of thermal

conductivity for unfrozen peat (McFarlane 1969).
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Table 4

Calculated Values of Thermal Conductivity for Unfrozen Peat
(after McFarlane 1969)

c
c vs 0.10 - 0.20 0.30
VW v
0.5 0.66 0.72 0.79
0.6 0.79 0.86 , 0.93
0.7 0.94 1.01 1.09
0.8 1.08 1.17 1.25
0.9 1.25 1.35 1.45

The values in Table 4 are expressed in millicalories/
sec/cmz/cm/oc and are larger than the estimate of Brown
(1966) probably because of high water content. In dry por-
ous peat it is quite low (0.00066) and this implies that in
much dryer peat it would be ﬁuch lower. Unfortunately,
there are no direct indications of tﬁe moisture content of
the peat usedAiﬁ the calcﬁlations in either of the references
cited but from the figures one can conclude that the figures
given>by Johnson (1952) may be for dry peat with water con-
tent somewhere near 200 per cent of dry weight while the
figures given by McFarlane imply water contents nearer 600
per cent (or over) of dry weight. 1In nature water constitutes
about 85 to 95 per cent of the wet weighf (850 to 950 per
cent of dry weight) of peat. Naturally there is a large
variation and on the surface under certain conditions the
water content may.be as low as 250 per cent (of dry weight)

and in wet conditions up to several thousand per cent of dry
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weight. If the héat conductivity of peat in its dry state
below 0.00066 down to 0.00033 is compared with that of water
which at -10° C is 0.001348 or with that of wet peat,
0.00145, one can understand the great difference in the in-
sultation capébilities of dry peat and wet peat. Also this
shows that the low heat conductivity of dry peat acts as

a more significant factor in its good insulating capacity
than the high heat capacity of wet saturated peat by slow-
ing down the transfer of heat very effectively through a
given depth of dry peat. As compared with other soils, for
example, sand and gra&el, these properties work together so
that peat forms an especially good insulator whether it be
against heat flow from the atmosphere into peat or the re-
verse. Thus, a relatively dry peat onAthe top of muskeg
.hinders the transfer of heat into .the underlying peat. The
high heat capacity of the wet underlying peat further slows
down the penetration of heat into and out of greater depths;
The heat conductivity of even dry solid mineral soils is
always considérably higher than that of dry peat. The heat
capacity of mineral soils in their wet condition, on the
other hand, does not attain values as high as those of peat
because they cannot absorb as much moisture as peat can be-
cause of its special macro- and microstructure. Thus, the
coefficient of heat conductance of peat remains rather low
aé compared with that of mineral soils, a fact that is of

high significance in the thermal exchange between peat and
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‘the atmosphere. It acts to preserve ice in peaty soils
even when the climate is not very favourable to severe ice
conditions in the soils.

In the north where peat never thaws deeper than 10
‘to 20 inches below the surface, énd also in fhe south where
ice may stay in the peat into laté summer, the éharacterw
istics of frozen peat as compared with those of unfrozen
peat'are of high significance as to the insulating proper-
ties of peat. ‘The specific heat of ice at -10° C is 0.530
and heat conductivity 0.005 (Hodgmaﬁ 1963); This means
that the specific heat of ice is only about half that of
water and twice that pf-peat containing about 250 per cent
of water of dry weight. The heat conductivity of ice is
four times higher than that of water.and about ten times
higher than that of dry peat. In general, thermal conductiv-
iﬁy of a ffozen soil is about foufrtimes that of unfrozen
soil (McFarlane 1969). However, fhis is a very general
statement and has té be qualified when dealing with peat
the water content of which varies greatly. The thermal
conductivity is about four timeé higher only if the peat is
really well saturated. In dry ?eat, there is not enough
water to increase its thermal conductivity which remains
guite low even when the peat is frozen. Table 5 shows cal-

culated values of thermal conductivity for frozen peat.



287

Table 5

Calculated Values of Thermal Conductivity for Frozen Peat
{McFarlane 1969)

C Vs 0.10 .20 0.30
vw

BwwdhoN
DAL WIN

These figures indicate that the thermal conductivity
of frozen peat is about four times higher than that of un-
frozen peat. However, the calculations deal with saturated
peat and show.higher values than they would show if the peat
were dry.

Also there is another complicating factor, the for-
mation of icé lenses and the resulting suction of moisture
from the peat adjacent to the crystallization surfaces. This
renders the peat quite dry and thus keeps its thermal con-
ductivity low although the pressure exerted by the growing
ice lenses on peat will squeéze it into more compact layers
resulting in lost pore space and increésed thermal conduc-
tivity as compared with the pre-frozen condition. There may
be some unfrozen water under high pressure between ice lenses
which may keep the total heat conductivity lower than it
would be were the whole mass to be frozen. Table 6 shows

the calculated specific heat values for frozen peat.
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Table 6

Calculated Values of Specific Heat for Frozen Peat
(after McFarlane 1969)

C
vs
CVW 0.10 0.20 0.30
0.5 0.29 0.34 0.39
0.6 0.33 0.38 0.44
0.7 0.37 0.42 0.48
0.8 -0.42 0.46 0.52
0.9 0.46 0.51 0.56

This table shows that the values of specific heat
for frozen peat ére only about half of those of unfrozen
peat._ In this circumstance approximately the same prin-
ciples apply as when dealing with the complications con-
cernihg thermal conductivity of frozen and unfrozen peat.

As a summary of the thermal characteristics of peat
dealt with aBove, the following coﬁclusions can be drawn.
In addition to the fact that peat is a better insulator
than most mineral soils, there are differences in this
capacity depending on its moisture content and physical
state. It appears from Tables 4 and 5 that frozen peat is
not nearly as good an insulator as is ﬁnfrozen peat. This
is due to relatively low heat capacity of frozen water
(ice) which facilitates rapid change in temperature as
compared with unfrozen water in peat. Also the frozen
water (ice) of the peat deposits has quite high thermal

conductivity as compared with the liquid water in unfrozen
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peat, a fact which enhances the flow of heat into or out of
peat. This, however, is complicated by factors such as
formation of ice lenses in peat and resulfing dehydration
of peat layers between ice lenses. Once ice lenses have
been formed, the insulating dehydrated peat layers alter-
nating with them may insulate the ice froﬁ the heat of the
sun during the following warm season and thus enhance pres-
ervation of ice in peat.‘ This subsequehtly will result in
the build-up of ice in ihe peat and build up of formations
such as palsas as will be seen in the following section.

These special physical features of peat together
with vegetal cover, especially lichenaceous cover (H-factor)
snow and water content help develop features which contrib-
ute to the development of airform patterns which in turn
imply existence of marked sub-surface ice conditions. 1In
the following section the possible dynamics of the develop-
ment of the secondary features which associate to provide
for airform pattéfns are advanced as related to the special
physical characteristics of peat. In this respect the
insulation properties of peat and the characteristics of
various groups of muskeg plants and how they affect forma-
tion of peat mounds will be cénsidered. Enquiry into effect
- of differential increment of peat deposits and its bearing
on the preservation or deterioration of ice also will be

considered.



FORMATION OF VARIQUS OBJECTS CONTRIBUTING TO DEVELOPMENT
OF AIRFORM PATTERNS RELATED TO EXISTENCE OF SUB-SURFACE

ICE IN. MUSKEG

It is reasoned that the physical characteristics of
peat, the mode of peat formation, the degree and rate of
humification, the differential response of differént plant
species to varying environmental conditions and the inter-
preted effect of all these factors on the sub-~surface ice
factor result in the various secondary microtopographic
featﬁres appearing on muskeg. These are thought to affect
the development of airform pattern.

| At this point, when the basic requirements for paludi-
fication, basic developmental processes in the pattern
evolution and the main biotic and abiotic intereferences in
the pattern development have been accounted for, there
arises the need to evaluate the details of certain aspects
of pattern development. This is required in order to estab-
lish the ultimate evidence justifying the use of airform
patterns as a prediction method adopted to interpretation
of sub-surface ice conditions in muskeg from aerial photo-
graphs. This section deals mainly with the genesis of
certain formations which occur iﬁ nmuskeg as a product of
the faétors discussed previously and which are inherent to

paludification and to the properties of peat itself. These

290
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formations, such as mounds, hummocks, tussocks and peat
plateaus are the basic constituents ofAMarbloid airform
pattern and are referred to in the foliowing chapter as
object indicators (or form objeéts).‘ Their formation
through the interaction of biotic and abiotic influences is

expressed as the present author has interpreted it from

the data collected in the field and from aerial photographs.

Interaction of Ice, Vegetation and Peat in Generating Topo-

vgraphic Indices on Muskeg

A common microtopographic feature found in areas of
initial muskeg is the hummock (Figure 69). The hummocks
have a mineral core which often remains frozen through the
summef° In small hummocks the cover thaws, as does the
surface of adjécent mineral soil. ‘Depth of thaw is ten
inches_in Aréa 1. Regelation has‘already been recorded as
the cause of the phehomenon which now offers two kinds of
environment to which muskeé vegetation must adapt. One is
tomprised 6f thévslightly drier locations on the hummocks
and the other is the wet low iying depressions or trenches
between these hummocks. If there is no muskeg Veéetation

in the location, the Sphagnum cuspidatum group will invade

the depressions along with certain sedges while some

Eriophorum, Sphagnum fuscum and small shrubs will adapt to

the higher elevations. The colonization may be accompanied

by a process of buckling in the vegetation (initially FI).
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This is because 6f frost 1ift which initiates differential
development whereby hummocks increase in height faster than
the dépressions. Actuali&, this happens in both cases.

The shearing action of the surface of the water in the de-
pressions tends to mechanically damage the plants and slow
down the growth in the depressions. The ice on fhe surfaée
of the dépression exerts a pushing force against the sides

of hummocks and squeézes'fﬁem still higher in the course of
time. 1In larger aepressions, the forces acting through

the ice on the vegetation may be so strong that hummocks
located near each other tend to become contiguous. The
differential incréase from the onset leads to faster forma-
tion and deeper peat on the hummocks. Figufe 107 is an
example of a hummock which does not stay frozen in the summer
(A) and of a larger, better developed hummock (B) which al-
ready is large enough to retain ice later. The latter one
(B) has already acquired a considérable layer of peat as
qompared with the smaller one (A). When a hummock has passed
the initiai‘increase its further increaée is assufed and
will be faster.

The hummock in Figure 107 begins to indicate presencé
of‘H—factor on it (lichen), From this time on, the further
.development of the hummock will correspond quite closely
to that of tussocks and mbunds and for this reason their

early development will be discussed before going further.



Fig. 107. Hummocks in initial muskeg,
Cambridge Bay, Victoria Island, N.W.T.

A - small hummock which thaws in the summer
B - larger hummock which may retain ice
throughout the summer.
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Tussocks are a result of special growth habit of
certa%n plants. Figure 108 shows a well developed tussock
with height of about 26 inches, from a more southerly lati-
tude. This figure shows clearly that the tussock is the’
effect of growth habit rather than the result of ice thrust.
Several plants in the sedge family grow this way. Examples

are Carex nigra and Scirpus caespitosus. Figure 76 reveals

half tussocky-half hummocky growth of muskeg vegetation in
Area 1 in Cambridge Bay, N.W.T. Several species in the
sedge family grow in ill-defined tussocks in watery areas
as in Figure 76. Figure 108 shows that the dead parts of
a tussock méy cling-to its exterior. But a great portion
of the dead material stays inside the tussock and humifies
there. When these dead remains humify, they become looser
and the base of a largé tussock tends to sag and become
wider. Adjoining tussocks may join and between themselves
present a good location for other muskeg vegetation to col-
onize, notably Sghagnum mosses.

The formation process of mounds develops whereby
the constituenté increase in the same way as hummocks.
There are, however, peat mounds which are primary formations
on initial muskeg. For instance, in a uniform FI area of
initial muskeg, there are forces which tend to disrupt homo-
geﬁeous development and cause differential growth. A strong
factor is the underlying frozen mineral terrain. Ice thfust

frequently disturbs the surface and breaks the existing peat
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Fig. 108. Well developed tussock in senescent

Marbloid, Manitoba.

Fig. 109. Massive ice lense under initial Marbloid
peat plateau north of Churchill,rnorthern Manitoba.
Note the crack in the peat suggesting a possible

mode of formation of polygons in peat plateaus. This
figure also reveals the effect of ice lenses in the

construction of peat plateaus and large mounds.
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mat and forms earth mounds. A good egample of this is seen
in the foreground of Figure 62 where a silty frost boil has
pierced the peat mat. Also the different rate of growth of
different plant speciés will sooner or later cause deposi-
tional differences in the surface. This ié assisted by -
differential distribution of moisture on the surface due

to microtopographical. features of the terrain. On the

moister areas, Sphagnum cuspidatum (coll.) will thrive but

Sphagnum fuscum occupies drier areas. The former will

form loose vegetation while the latter will grow somewhat
faster and form firmer vegetation. Thus in the wet areas
peat in this case will not accumulatelas fast as in the
dryer areas. This is further enhanced by other plants which

~grow better on tﬁe dryer areas than wetter ones. A notable
' ~group is composed of small shrubs as can be seen from those

~growing on a small hummock in Figure 107. The differential

~growth once it has been initiated tends ﬁo bé accentuated
later. 1In Figure 64 mounds can be clearly seen. The de-
pressions are occupied by FI and the vegetation in them is
fairly loose. The mounds frequently have EI and EFI cover
with firmer vegetation. Here, as well as in the areas of
hummocky and tussocky.growth, the physical activity of
water in the rather open depressions has marked effect as
a érowth deterrent.

Once the developﬁent of hummocks, tﬁssocks and mounds

has reached the state shown in Figure 64, 76 and 107
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respectively, the course of development of these formations
will Eersist on the same plan but will be more closely

tied to the sub~sﬁrface ice than before. At this stage

the presence of an accumulated thin deposif of peat will
have effect."The physical properties of the peat, dis-
cussed in the~previoﬁs section, will impinge on the gene-
si; of peat formation by regulating the build-up of sub-
surface ice. 'In turn peat formation and growth trends of
vegetation will bé regulated by the sﬁb—sﬁrface changes in
temperature distribution. |

In the case of unpatterned mineral teﬁrain the
tussocks, and tussock groups, hummocks or hummock groups
and mounds following the stage shown in Figures 64, 76 and
107 will in turn coalesce and form larger expanses of mus-
keg Where thé depth of peat is increasing steadily. The
formation of fifst, irregular and later, regular strings of
peat mounds ensues and contributes to Microreticuloid
pattern. Initiation of this is shown in Figure 112,

The state in Figure 70 is conducive to a formation
of initial and featureless peat plateaus which soon will
acquire polygonal or Microreticuloid pattern. In flat areas
when peat is thick enough, polygons are formed in a peat
plateau of this type as is seen in Figures 74 and 75. Micro~
reticuloid pattern is dominant in gently sloping areas as
in Figures 66 and 112.

Peat becomes established on mineral terrain having
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both initial and later stages of developing pattern. Ex-
amples of initiél peat plateaus with transgressed polygonal
and other patterns are shown in Figures 67_énd 73, for in-
stance. It is notable that ice is preserved more persis-
: fently and in greater depth and quantity in peat plateaus
of these dimepsions than would be the case if the organic
overburden were lacking. Further south though ice is en-
countered in peat of peat élateaus it is not found in the
spéces between them, not even where there is peat in these
clefts. A small aeveloping mound which originated as a
hummock, tussock, or a small mound, once optimum in size
develops in accordance with related properties of peat.

In areas comparable witﬁ that in Figures 70 and 112
the following processes happen to different parts of the
developing peat ridges and plateaus.r If the water regime
is as high as it is in theée areas (photos were taken in
September just before the onset of continuous sub—freezing
temperatures), the water in the depfessions, small mounds,
and‘plateaus will freeze rapidly. If the freezing is rela-
tively slow in the peat, ice lenses will be formed. Thi's
means that the peat will be in layers and quite dry bécausé
the water is drawn from it to satisfy the need for water at
the crystallization surfaces of the ice lenses. Also more
water is drawn from the active layer below the peat. This
means that the mounds and peat.plateaus will grow in height

at the expense of the water added to the deposit from the
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ground. Also, the peat itself will be relati&ely dry. The
difference in height of the mounds ahd the depressions is
accentuated since the peat in the depressioh is highly sat-
urated and loose in structure as compared with the peaf.in
the mounds. Some of the water from the depressions may be
drawn into the mounds to augment ice lens formation. The
entire set of processes will tend to increase height diff-
erentials across the terrain.

By the time the who;e surface ié frozen, the snow
cover will play a conﬁributing role. If the snow covers
evefything, it will insulate the soil ffom the effect of
cold climate since, according to earlier conclusion, the
heat conductivity of snow is low. In many cases, however,
the snow is often blown from the mounds and they are left
exposed. If now there still were some unfrozen peat in the
mound it would freeze soon beéause the heat conductivity of
frozen peat is quite high; However, the surface peat may
become very dry through'éublimation and effect of winds.

This seguence of behaviour will affect the fate of
the mound or peat plateau in the following spring. If the
. mound has gained enough in height and has enough peat in it
and if the summer is not warmer than usual, even the rela-
tively small mounds and plateaus will begin to harbour an
ice core. This is jointly because of.moisture conditions
and insulation capacity of peat. If the tops of the mounds

are not already exposed with warmer weather in the spring,
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they will be the first to be exposed. This will cause

fast drying up of the surface peaf, As temperature increases,
the rest of the snow will thaw and the water will gather in
the dépressions which wili stay wet although the mounds and

. small plateaué which have gaihed height by the growth of
ice_lenses in them, will stay dry. The wet peat in the de-
pressionébwill warm up very siowly due to the high heat.
caﬁacity of waﬁer and the thaw»will proceed through the wet
péat more slowly than through the adjaéeht mineral soil
whiéh cannot rétéin aé much water as peat having thus a
loWér_heat capacity than the peat. Also tﬁe lower heat con-
ductivity of the weﬁ;peat intensifies thé contrast. However,
the ice eventually thaws in the_shallow wet peat of fhe de-
pressions. It will be preserved in the mounds where the
exposing agent has thawed and'dryed the surficial peat be-
fore the heat had time to pénetrate deeply. By the time
when the weathér'gets very warm, there is a layer of dry
peat. Only four té eight inches is enough to insulate the
underlying peat from further energy' absorption. Also even

‘the deeper, though more compact zone of peat is relatively

. dry as a result of ice lensing. By high insulation effect

this relatively thin dry peat layer will preserve ice through-
out the summer in the same way as blocks of ice are preéerved
by dry sawdust. In the small initial.relatively shallow
peat plateaus in the north, the ice lenses are neither as

plentiful nor as massive as those encountered in the deeper
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peat deposits'of the well-developed Marbloid further south.
With the repetition of the cyclé déscribed above there will
be a considerable accumulation of ice in. the peat; Figure
109 is an example.of a masgive ice lens in young Marbloid.

There -is a limit to increase in height of a single
smail mound. As the peat increases in depth in the mound
it also increasés in the depressions and if the mounds are
not very large to start with, it will not take long before
adjacent ones joiﬁ and form initial pea£ plateaus like those
in Figure 70. Also the peat mounds developed on sorted
circles and steps or stripes coalesce to a certain extent
and when tﬁe peat deposits are deeper, the depressions be-
tween adjacent moﬁnds become correspondingly shallower and
dryer than in the beginnihg of paludification but still
generally stay lower than the original centres. In large
areas polygons are transposed into muskeg. In the case of
chapnel‘type polygons, the drier centre paludifies faster
than the wet trenches between two polygons in a manner sim-
ilar to paludification of areas with mouﬁds formed in the
centres of sorted circles. In the latter case the process
is on a larger scale and the result is a wide area coveréd
with peat plateaus bearing polygdnal pattern.

Often polygons are formed in initial peat plateaus
without benefit of initial pattern in the mineral sublayer.
(Figures 74 and 75). Here small peat plateaus were formed

by regelation in mounds and by their amalgamation to form
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plateaus. The dry sufface of peat insulated the ice core
and then the peat layers cfacked either by contraction forces
during seasonal climatic variations or by other forces
which form polfgons in thé soils on which the inveStigatbrs
cannot agree yét (cf. Washburn 1956). Note the shearing of
the peat in the crack between two adjacent polygons and how
the raw peat is exposed. '(Figure 75). The peat appears
guite dry and uncompacted in the trench iﬁplying good insu-
lating properties. |

Palsa is a topographic phenomenon peculiar to muskeg.
The expression "palsa" is derived from Finnish and means a
large peat mound the width of which varies from about 20
feeﬁ {6 ﬁ) up to 1000 feet (300 m), and the height from 2
to'3 feet (50 cm to 1 m) up to 25 feet (7.5 m). There are
twd kinds of palsas. One has a frozen mineral terrain core
under a rather deep deposit of peat which also remains frozen
(Salmi 1968). Figure 110 shéws a diagram of this type of
palsa. |

Another type consists of a deep mound of peat which
lies in a depression in the mineral soil and rises above the
level of the muskeg (Salmi 1968). The peat thaws only on
the surface while the core remains frozen. In Finland, it
has been noticed that in this case the underlying mineral
soil is unfrozen or frozen only a few feet below the peat.
Figure 111 shows a diagram of a palsa of this fype. This

type seems to be more common than the one with a mineral
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Fig.

110. Diagram of a palsa with frozen mineral

soil core in Finnish Lapland (after Salmi 1968).

Fig.

111. Diagram of a palsa with frozen peat

core in Finnish Lapland (after Salmi 1968).

1

2

seasonally frozen peat.
permanently frozen peat.
alternating layers of ice and frozen peat.

fine sand, silt and clay.

frozen silt with layers of ice.

till.

large stones and/or bedrock.
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soil core.

The author maintains that the regelation which makes -
the mounds can in some locations result in palsa formations.
A palsa is compésed of alternating layers of quite clear
ice and layers of peat (Salmi 1968). Pollen studies reveal
that-a palsa is not a result of any migration of peat since
the pollen profiles from.a palsa and from the adjacent un-
frozen peat deposits do not show any disturbances in the
spectrum (Ruuhijdrvi 1960). Also the peat érofile is con-
tinuous from the surrounding areas into the palsa with the
only difference that in a palsa peat is divided into layers
of peat and ice. Age determinations have revealed that in
palsas layers over three meters thick correspond to layers
only about 10 cm thick in the surroundings showing that
the growth in thickness of palsas is due to accumulation of
ice lenses rather than té vegetal growth (Salmi 1968). The
surface peat in a palsa is fairly dry and in many cases com-
posed mainly of remnants of shrubs and secoﬁdarily of
- Sphagnum mosses. The surface vegetation of a typiéal palsa
is often shrubs, lichen and Sphagnum, (EHI or HEI). A palsa
is therefore a large scale example of the effect of dry peat
on preservation of ice and on the interaction of ice and
peat to produce object indicators pertinent to Marbloid
airform pattern. figﬁfes 84 and 85 are examples of palsas
in mature Marbloid and initial Marbloid respectively. These

figures also show how palsas join to form peat plateaus.
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Some authogs have expressed uncertainty about when
a palsa becomes a peat plateau. In a way these two are the
same ﬁhenomenbn because the peat plateau may have been
formed from palsas through coalescence. Thus it can be
stated that a palsa is a definite, relatively small forma-
tion with limited extent, generally with a definite form,
and distinguishabie as a single formation. A peat plateau,
on the other hand, is a lérge formation with either regular
or.irregular borders and may extend ovér several square
miles of terrain. It also may show a considerable variation
in vegetal cover‘due to its large area. Peat plateaus gen-
erally form networks of plateaus of deposits deeper than
those in the meshes of this network.

For the initial peat plateaus, like those in Area 1
and Flight Line 2, development ensues associated more with
" the ice in the peat than during early development of its
compbnents, the mounds. Other strong factors are the hydrol-
ogy and differential growth exhibited by various groups of
muskeg vegetation as they respond differently to various
" local conditions. These conditions on the other hand are
fuﬁctions of peat andliqé and‘water; so that the whole de-
. velopment, in fact, is a complicated feedback system.

| In contrast to the situation for typical and also
senescent Marbloid, the initial peat plateaus do not cover
the total muskeg area but large areas remain lower lying

with shallower peat and do not form an actual part of a peat
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plateau. However, they are an integral part of the airform
péttern. Firstly large areas acquire Microreticuloid pat-
tern early in the development as Figure 66, among others
from Flight Line 1, shows. |

The development of Reticuloid pattern is greatly de-
pendent on the actidn of ice, on the differential gréwth
of muskeg vegetation and on the general hydrology. Figure
76 shoﬁs a‘typical example of the initial Microreticuloid
pattern. Here one can éee how the small mounds and hummocks
and occasional tussocks have startea tb group. What is sig-
nificant-in the_grouping»is that they form ridges which are
parallel to each other. 1In Figure 112 there is quite a
well developed ridge. Ridges like this probably start as
slight promontories along the water's edge>where peat has
been pushed up by the ice of the wider open surface of the
pond. At the same time, there will be intermittent but
weaker thrust exerted by smaller open pools behind the init-
ial ridge formation. This results in an initiation of a
ridée with higher and lower places. Later the differential
growth of plants on the higher ridge, as contrasted to the
lower lying depressions in this initial state, further tends
to accentuate the height differences. Still later the ice,
as insulated by thicker peat, will cause the ridge to grow
thicker and wider and also joip with some adjacent ridges
to form larger ones. Spaces between the ridges remain

generally wet and display predominantly FI (sedge-moss) cover
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~Fig. 112. Initial Microreticuloid ridges in
Cambridge Bay, Victoria Island, N.W.T. Dominating

cover 1is FI.

Fig. 113. Low altitﬁde (200') oblique view of Marbloid
in norﬁhern Manitoba. |

A - small palsa with EH cover and frozen peat core.

B - peat plateau with EH understory and very stunted
B class trees (Picea mariana).

C - areas of regressive permafrost development with

FI cover and unfrozen'peat and in some locations

evén unfrozen clay deposits under peat.

D - thawing edges of peat plateaus.
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while the ridges quite early acquire EFI,'EH and HE cover.
It is notable tha£ if there is any gradient, the ridges

tend to be parallel with each other and perpendicular to

the gradient, that is against the flow of water thus hinder-
ing drainage. This is especially clear in ombrogenic raised
bogs as revealed by Figﬁre 102 and 127. This fendency is
encountered both in the north and farther south in the typ¥
ical Marbloid area. It can be observed in Figure 66 as well
as in Figures 88 and 103, high altitude views of different
stages of the Marbloid and Reticuloid and Terrazoid.

There are different hypotheses to explain the tend-
ency but none of them is satisfactory‘alone. According to
the author, in a major number of cases this tendency commences
in the initial muskeg by éombiﬁation of the following pro-
‘cesses. In an extensive.and featureless, gently sloping
area, water may flow down the slope without always following
the same rills buf changing its route from time to time and
even flowing in a sheet. Small obstacles then will collect
material carried with water and ripple-like elongated accumu-
lations of debris are formed. These areas are more likely
to support vegetation initially than are the more barren
spaces between them. Thus small, more or less parallel
ridge formations will be formed. Paludification will ensue
with increasing vigour and soon narrow, tortuous ridges will
be seen on the slope roughly perpendicular to the water flow.

They will slow down the already poor drainage and the land
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between them will start paludifyihg resqlting in muskeg
with ridges (Figure 66}. |

Another possibility is the solifluction in existing
thin layers of peat. A large uniform area of muskeg with
FI covef and frost underneath would form ridges ("wrinkles")
perpendicularly to the water flow as the peat, which has .

thawed in. the spring and rests on the still frozen deeper

intermittent deposits is torn by solifluction. The gravi-

tational pull down the slope wi;l make the surface mat
slide on the wet and slippery surface of the frozen peat
layer causing the surface mat to tear into parallel strips
which would be more or less perpendicular to gradient. It
is more probable that this and the first type of formation
_ hay together form this pattern initially. To be able to
accurately analyze the initial genesis requires extensive
polleh and other microfossil studies to determine possible
disturbances in the peat layers. Whatever the initial
geﬁesis, once the ridges are formed and have gained some
thicknéss, the sub-surface ice is preserved in the peat as
explaine& in the beginning of this section and by reason of
the insulating capacities of peat. The initial Microreticu—
loid pattern in many caseé develops into Macroreticuloid
just by growing larger so that adjacent ridges by growing
wider will jdin to form larger ridges. The spaces between
the ridéés are maintained mostly because the ice enhances

the vertical growth of the ridges and partly also because in
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the environment of the ridges the peat tends to grow faster
than in the depreésions as long as the availability of mois-
ture is sufficiently high. One cén see how this is possiblé
if one keeps in mind how Salmi (1968) found that in ice
laden peat deposits like palsas, a3 metre deep layef of

ice and péat actually corresponded to only 10 cm of actual
peat in the adjacent unfrozen peat. Figure 109 gives evi-
dence of the existence of large amounts of ice in the peat
of Marbloid area.

The paraliel ridge Microreticuloid in areas com-
prising a mixture of Marbloid and Reticuloid is secondary
on the large and regressive peat plateaus wﬁich used to be
larger Marbloid plateaus. In Figure 103 the Microreticu-

. loid pattern, which shows parallel ridgeé as in location
(I),-is secondary and a result of solifluction on tﬁe
sloping peat plateau. The Microreticuloid and Macroreticu-
loid in Area (H) are secondary tob. Only Macroreticuloid
of the type seen in locations (C) is primary. The last |
mentioned secondary Macroreticuloid patterns are due to re-
cessive development of the Marbloid peat plateaus due to
warmer c1imate. AThis development is caused by accumulation
of water in depressions where it is retained in the absence
of suitable dfaiﬁage channels. The high heat capacity of
these accumulations of water will cause undérlying perma-
frost to thaw. Thaw‘ponds are formed which thus transform

the apﬁearance of a former peat plateau of typical Marbloid
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into irregular Macroreticuloid pattern.

Maturing of Initial Peat Plateaus to Form Typical Marbloid

Peat Plateaus

The discussion of the development of a peat plateau
was left at the stage shown in Figure 70; in other words,
at the early stage of peat plateau. Following this stage,
development is closely associated with ice and differential
increase as was projected in connection with the genesis of
Reticuloid features.

Initial peat plateaus now known to reflect the under-
lying pattern of the minéral terrain thus have irregular
microtopography. The transgressed form,of the mineral
terrain features to a great extent éffects the drainage con-
" ditions of the plateau and this, in its turn, affects the
growth of muskeg vegetation and indirectly the preservation
of ice in the peat. As has been seen, the typical Marbloid
peat plateau is not a smooth, even, continuous plateau but
is dissected with drainage channels of various sizes'and is
ornamented with mounds, hollows and small narrow channels.
Theée features appear in Figures 36 to 44. The peat plateau
as a formation in its own right is a result of various pro-
cesses. These small formations on it are a reflection of
the similar processes which originated in the muskeg in its
initial state.

Figure 70 shows a young peat plateau with its surface.
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This irregularity is retained through iFs development and
leads to formation of small channele and to shifting of
mounds. The differential growth, as accentuated by ice in
the peat, is the major factor in the advaﬁced development

of muskeg towards mature Merbloid and towards its senescence.
In terms of small featﬁres it maintaiﬁs the smaller scale
reugh topography“ On a plateau the water originating from
rain as well as from thaw accumulates in small depressions,
whieh thus remain quite wet. As is now known, ceftain
‘muskeg plants favoﬁr these wet places over drier ones which
‘harbour other.plantso When the moisture differences between
these two environments are not too accentuated, the dryer
areasvincrease faSter:than the wet ohes‘becauee they have

a more vigorous vegetal growth but are not dry enough for
accelerated humification and £hus accumulate peat fast.

The ihsulating;capacities of peat, the effect of the snow

on the heat balances in the mounds and the depressions, and
- ensuing severe ice conditions also accentuate the faster

- growth of the mounds 'and.ridges° If this differential
growth remains small in scale there are limits to it imposed
by biotic factors. It is reasonable to suggest that when
the mounds or ridges attain heights:which afe large enough,
say one to two feet inlthe conditions seen in Figure 70

(the height in this respect is dependenﬁ on the water re-
gime), the mounds acquire more and more small shrubs and

lichen on them (H-factor) at the expense‘of'Sphagnum mosses
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and their growth in height decreases. Furthermore the in-
creased dryness enhances bacterial and fungal activity in
the peat which thus humifies relatively fast if compared
with rate of humification in the adjacent depressions. Now
the growth of Sphagnum plants, and thus also the formation
of peat, goes on in the depressions af a slightly higher
rate than in the dry higher areas. This means that the de-
pressions slowly overtake the.mounds. When the former de-
pressions and the mounds are at about the same level, the
water starts accumulating on the former mognd areas. This
also accounts for the fact that very often there are lichens
on muskeg growing in slight depressions and because of these
relics not all the lichenaceous growth is concentrated on
high and dfy areas. When these hewly formed depressions have
continuously free water in fhem, the 1ichens and also the
shrubs tend to die off slowly. At the same £ime the water
in them appears greenish and slimy. This is due to certain
algae which thrive in this kind of location in muskeg.
Furthermore, thesé algae, fregquently sphagnophagous, hinder
the regrowth of Sphagnum for a considerable length of time.

These algae chiefly belong to in the family Desmidiacea.

In addition to this group there are also representatives

from Cyanophyceae and Diatomae (Kivinen 19248). By this

stage the former depressions have acquired a cover which is
common on mounds and ridges and the cycle may begin again.

In some cases the depressions are also started by very small
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and local extremely wet conditions, for example, around
the stems of small dead trees where rain water running from
. the tree trunks into the muskeg creates a local wet spot |
where sphagnophagous algae start displacing the SEhagnﬁmﬂ
forming a slimy hollow which then spreads into the surround-
ings. |

The stretching caused by the growing iée lenses in
the peat mounds causes shearing of the muskeg surface if
the growth of the peat is not fast enbugh to accommodate the
stretching. Resulting separations tend to take place adjac-
ent to the mounds and occasionally on the mounds, and water
accumulates in them.- This in turn leads to wet local con-
ditibns, decelerated accumulation, and formation of new de-
pressions in the manner described above.

The initial peat plateaus, like that in Figﬁre 70,
develop in the manner described above towards matufity.
They continue preserving some of the features shown in the
~ini?ial state; By combaring Figure 70 with Figures 39 and
40 the basic simiiarity of the surface features can be seen.
It should be observed here that the alternate growth of
depressions and mounds is not the rule everywhere. Often
éhift of location is gradual and eccentric. One side of a
mound starts lagging and the other side invades the nearby
depressions. Thus the preservation of transgresséd mineral
terrain features and others which show so clearly in Figures

91 and 93, is explained. In some cases there may be no
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shifting at all as peat profiles.testify. To obtain more
accurate evidence would require a large amount of detailed
pollen and peat investigations beyond thé scope of this
work. | .

It is-also noticeable that the initial muskeg as
well as the mature'Marbloid.and other airform patterns show
occufrence of peat plateaus containing faifly large lower
and wetter areas. The preservation and development of
these areas without incorporation into a plateau system is
dependent on local hydrology and the muskeg vegefation to
a great extent.

The smalleét drainage channels in the typical Mar-
bloid'péat plateau have béen derived in many cases from the
original depressions between soil circles, steps, stripes
and polygons as figures showing these formations under paludi-
fication in the north illustrate (Figure 50, 51, 57, 68 and
75, etc.). Many of these depressioﬁs will be covered with
~peat in the course of the development of a peat plateau
but an éarlier account and Figures 42, 90 and 91 reveal,
qﬁife a few of them remain open and act as drainage channels
for the peat plateaus. In these narrow channels, the sur-
face of the permafrost table is lower than in the adjacent
peat plateaus in absolute elevation~ahd in wider channels
with more FI cover like the one in Figure 38 there is no
permafrost in the channel. The same holds true also for

smaller confined areas of FI found in typical Marbloid. As
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an example in the area shown in Figure 113, there was no ice
in area C with predominantly FI cover. The depth of peat

in it was 10 feet (3 m) with clay (also unfrozen) under-
lying it. On the other hand, the small palsa (A) and theA
peat plateau (C) with HE and BHE cover have permanently
frozen cores. The permafrost table in this case was only
about one foot below the surface. Some of these FI areas
within typical Marbloid were formedviﬁitially in young
muskeg and some of them have been formed later.

Through the reasoning it is plausible to suggest
that in the case of an initial FI area and in its preserva-
tion, the hydrology and the differential growth together
have played a prominent role. In initial muskeg many of
the depressions between polygons and other mineral soil
formations are covered by peat but guite a few of them are
not. These narrow channels will tend to stay open to pro-
vide the forming peat plateaus with drainage channels. 1In
the case of a narrow channel in a strongly developing peat
plateau the increaéed amount of water to be drained from
the ever-widening peat plateaus will tend to fill the de-
pression with water for longer periods of time since most
of the paludified areas are almost flat and thus naturally
poorly drained. As a result of the water in the channel
paludification is retarded in it and also along its edges.
Eventually this retardation gradually results in a widening

channel with predominantly FI cover. At the same time peat
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is accumulatiﬁg in this channel too but more slowly than
in the adjacent peat plateaus which slowly grow above the
FI channel and leave it with a shallower peat deposit. 1In
areas of discontinuous permafrost, these FI areas do not
generally contain ice as contrasted with the plateaus
surrounding them.

Thére are also large FI areas even in initial'muskeg
which will retain this cover indefinitely regardless of the
ice factors. This in most cases is a result of excess
water from the adjacent lands which are higher in elevation.
Thus an area, like.the one seen in Figure 62, could retain
its FI cover if the surrounding higher areas would paludify
and form peat plateaus and later would act as agquifers to
this lower lying area. The same may happen in the case
shown by Figure 63. Here the narrow area which has palud-
ified initially in the centre and also in the background
will act later as a drainage channel and tend to retain FI
and later DFI when drainage intensifies aﬁd DFI-FI drainage
channels seen in Figures 36 and 37 form features of typical
Marbloid. Figure 83 further reveals the widening of a poly-
gonal fissure system into a drainage channel by retaining
water and by the erosion of the banks by high winds;

Many FI and DFI drainage channels are also formed
in typical Marbloid by the joining up of'polygonal fissures.
Figure 60 is an example of this as seen from the air near

Chesnaye. The polygonal fissures form pafallel drainage
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channels oriented along the gradient as marked with arrows. 
| At this stage of the discussion the relation of
H-factor to the distribution’of ice in peat should be pre-
sented. There has béen,a description of this factor earlier
- and in several connections this factor when in abundance
has been referred to as an importantAfeature symbolizing
sub-surface ice conditions of muskeg. While there cer-
tainly is need for discretion and for simultaneously account-
ing fof other factors, the presence ole-factor can, never-
theless, be used as an indicator of existence of possible
ice in peat. This is based on the simple observation that
lichens such as Cladonia spp. generaliy do favour drier
habitats to wet ones (Rhmadjian 1967). -This means that
}ichens grow abundantly on mineral terrain aﬁd also on
muskeg when the surface of muskeg ié dry enough. Radforth
who coined the expression "H-factor" never insisted that
muskeg with lichen on it must inevitably contain ice. It
is common to see lichen on-muskeg far south of the southern
limit of permafrost and it would show poor judgment were
the obéerver to deduce from this that there must be perma-
forst under the location of lichens or that there will be
permafrost in future in those locations because of lichens.
But the observer woculd not show poor judgment were he to
suspect the lingering of ice under cover with lichen in peat
even south of permafrost areas if the lichens are in abund-

ance. There are numerous references to this effect in the
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literature by many authors who have mentioned the linger-
ing of the seasonal frost in the peat under lichenaceous
(H-factor) cover. Thus, for instance, Auer mentions this
about some Canadian bogs as early as 1928 (Auér 1928).

It is referred to by Radforth (1954). During the.present
study much attention was paid to this phenomenon'and it
was noticed that ice tends to linger late into the summer
under lichenaceous cover as contrasted to its early dis-
appearance from under other cover types in areas south of
permafrost such as Various parts of Newfoundland, Manitoba
and Ontario. It is easily seen that in peaty areas lichen
cover is considerably more prominent in areas with perma-
frost than in areas without it and that where HE abounds,
sub-surface ice is predictable.

_What are the reasons for the apparent favouring of
H-cover for permafrost or any sub-surface frost areas?
First, this favouritism is only apparent. All is based on
the fact that lichens grow in relatively dry locations.

' If, for instance, one considers Figures 79, 71 and 75 in the
initial muskeg area, and Figures 41 and 42 in the typical
Marbloid area, or Figures 93, 94 and 100 in areas of senes-
cent Marbloid, one can readily see that lichens grow on the
highest elevations of muskeg in each location. The low-
lying wet areas with predominantiy FI cover are devoid of
lichenaceous growth. There are of course exceptions with

lichens growing in small wet depressions due to differential
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growth of the surface of muskeg but in this case they are
in areas of regressive development of muskeg as explained
earlier in this section. This confirms that the appearance
of H on mﬁskeg arises initially only on suitable arid
microsites in this generally wet environment. These dry
locations are offered by‘the formation of mounds following
the interaction of ice and differential growth of other
types of muskeg vegetation.

‘Studies of the albedo of lichen cover show that it
reflects about 13.55 per cent of solar radiation in the
>rangé of 0.3-2.0 in treeless areas. Treed lichen areas
reflected 11.67%, spruce bog 6.52%, and Sphagnum muskeg,
9.78%, and a closed fofest about 11.13% of the radiation
(I. C. Jackson 1959). Thus lichen covered muskeg shows a
high albedo. However, Brown (1966) maintains that Sphagnum
and lichen covered muskeg keep the permafrost table at
about the same level. In many cases this may be true since
Sphagnum moss acts like a sponge under favourable evapora-
tion conditions and imbibes water from deeper regions with
which it is in direct physical contact through ité own stems
and thus efficiently cools down the peat layer. Lichen does
not do this as efficiently since it is not in direct physi-
cal contact with the déeper layers but still even‘if with
rapid evaporation from ﬁear the surface helps in lowering
the temperature. Thus 1icﬁen with its strong albedo and

Sphagnum with its marked assistance to evaporation promote
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cool conditions andAfavour the presence of ice in the peat.
This high albedo of lichen explains how ice is still pre-
served guite well even in lichen-covered mounds in‘which
the formafion of peat has slowed down and where peat has
humified more strongly than in the surrounding areas caus-
ing the insulating capacity of. the ensuing denser peat to
decrease. In some phase in the development, the lichens
are favourable to formation of ice in peat but due to their
'slow growth and resulting retardation of peat formation
they, at some point, become detfimental to the build-up of
'ice.. The differential growth of other muskeg Vegeﬁation,
however, is conducive to the preservation of ice on a larger
scale iﬁ large peat plateaus as was described earlier. |

There is a definite difference in the ice preservation
capacities between lichen and Sphagnum cover on one hand and
FI cover on the ofher. Studies have shown that FI cover
evaporates more than the other two but regardless of that
the permafrost tablg under FI cover is low due to the low
insulating values of this covér and type of peat formed
under it (Brown 1966). |

Also in areas of continuous permafrost, FI areas
are generally frozen because the conditions are just too
rigorous and soil freezes and stays frozen regardlesé of
its properties. But, in the zone of discontinuous permaF
frost, ice very often tends to concentrate in peaty soils

(Brown 1965 and 1966) because of various factors
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characteristic of peat as has been discussed in the present
work. Also in the peaty soils, it tends to be discontin-
uous. As has been seen in the typical Marbloid, peat is
frozen in the peat plateaus and in the palsas altﬁough it
quite commonly stays unfrozen in the FI areas which, in
many cases, also act as drainage channels. The discontin-
uous distribution of ice in this zone on a larger scale de-
pends on the warmer climate which still can favour perma-
nently frozen ground but where the heat balance is very
easily upset either in faﬁour‘of ice or to its detriment.

" Discontinuity of ice depénds thus to a great extent on the
characteristics of the soil in different locations. In the
discontinuous zone of permafrost the interaction of water
content and the insulation capacitieg of the peat thus will
play an important role in the preservation of ice and in
the forming of airform patterns. 1In areas where there are
as yet no trees on muskeg as in Areas 2 and 3, one can al-
ready, in a few cases, see degeneration of ground ice but
it is not yet prominent here,'and shows only on the ground
and not from the air. Figure 42 éhows examples of an early
stage of deéeneration. It indicates the initial deterior-
ation of the ice between polygons to form narrow drainage
chahnels. This théw is due pértly to erosion caused by
running water and partly to the effect of standing water in
the cracks on the ice beneath. Another example of this is

Figure 82, where thaw lakes have emptied or are being emptied.
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Here the thawing of the ice is caused mainly by the moder-
.ating effect of a large water body on the temperatures.
This results in thaw near the lake and in the formation of
better dréinage channels to be followed by complete drain-
age of these lakes. In some cases these empty or half
empty lake beds paludify and form initially FI areas with
corresponding sedge-dominated peat with high water regime.
Also the growing in of thaw lakes, as in Figﬁre 44, forms
FI areas. FI channels in Figure 38, and an ektremely poorly
drained area of depressed centre pélygons in Figure 41, also
represent FI areas with‘high water regime and poorly devel-
oped ice in them. All these are-features'of typical Marbloid.
The differences in the ice conditions between Mar-
bloid peat plateaus and these other features can be ex-
plained by'the effect of moisture on peat and on the insu-
lating properties of peat. Thé discussion earlier shows
trends towards development of an environment suitable for
the preservation of ice. The FI éreas, on the other hand,
are wet and low-lying with peat which does not have the
same structure as that of plateaus. The high permanent
water regime tends to eliminate extreme temperatures in
these wet areas. The FI areas have mostly sedge peat with
lower insulating values than Sphagnum peat permitting deeper
thaw in the summer and thus disappearance of ice. This
fact that FI areas have a low permafrost table as compared

with lichen-Sphagnum areas has been recorded by Brown (1963)
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and Radforth (1954). Auer, as early as 1927, noticed the
preservation of ice under HE (liéhen—shrub) cover iong
into summer as opposed to FI (sedge) cover.

In considering the development of the peat plateaus
from the initial stage'on.Area 1 to fhe typical Marbloid
stage in Areaé 2 and 3, one could claim that in the latter
case the peat plateaus have reached their largest extent
since up to this stage the ﬁeat plateaus have been'growing
and F; areas have been diminishing. From this area south
the climate becomes more favourable and the regressive de-
velopment in permafrost obtains. The Marbloid starts losing
its typical features and becomes tree-covered; thaw lakes
become less numerous and FI areas along with B and A cover
become more extensive. In typical Marbloid, the permafrost
table in the summer is only about 12 to 20 inches below the
surface as Figure 49 shows in Chesnaye on a Marbloid peat
plateau. In typical Marbloid, and further north, the ice
lenses in the peat may sometimes become quite massive and
it is quite understandable that‘the landscape will change
its form drastically when this massive ice, of which Figure
109, near Churchill is an example, will start thawing.

Where trees appear on Marbloid.thawing associates to
change its appearance. Ice tends to melt first on the
southern slopes of the peat plateaué. Thus,.fér example in‘
Figure 114, the ice has régressed considerably at the place

marked (A) which is the south-facing slope of the peat plateau
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(B) in the background. Also quite early the ice starts re-
greséing in the channels of the channel~type polygons as in
those marked with (C) in Figure 114. The reason for‘this

is that the peat in the centre of the polygons is dryer

and has better insulating capacities than that in the de-
pressiohs° Figure 115 reveals that the permafrost table
under polygon-covered peat plateaus follows the surface con-
tours and is higher in the centres than in the depréssionsu
In the older Marbléid, (cf. Figure 114), the stagnant water
or slowly flowing water enhances deeper thaw in the depres-
sions and the Qaste of permafrost in them because of the |
~higher heat conductivity and other relateabfactors of the
peat in the depréssions. As a'result of the thawing out of
the ice in the peat plateaus, the edges slump and break
down and actually sink deeper than the surrounding FI areas
in many cases as can be seen in Figures 86 and 88 and 116.
In Figure 116, in places .marked with (A) tﬁe brpken down
edges of peat plateau (B) show clearly with free water in
them. These areas now have greatly diminished insulating

‘ cépacitiés as compared with the beat on the plateaus and the
breaking down of a plateau in many cases éroceeds very quickly.
Free-water collects in the areas too and this favours the
growth of sedges over that of Sphagnum with resulting largé
FI areas witﬁ lowered insulafing capacities and lowered po-
tentiélé for preservation of ice. In Figures 114 and 116

in places (D) and (C) respectively, there are formations
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Fig. 114. Marbloid under regressivé conditions. Low
altitude (150') oblique view, Manitoba.

A - markedly slumped peat plateau resulting from the
thawing of permafrost in peat. |

B - o0ld Marbloid peat plateau with signs of regressive
development of permafrosf.

C - enlarged and deepened trench between ice wedge
polygons.

D - small palsa.

E - slumping of the surfacé of peat plateau due to
localized waste of permafrost (thermokarst).

F - FI area with unfrozen peat.

Fig. 115. Illustration of permafrost table (white
line) under ice wedge polygons in typical Marbloid
condition near Chﬁrchill, northern Manitoba.

" Predominant cover in this location is HE (lichens

and Sphagnum mosses).
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which are to be regarded as palsas. The question which a-
rises here is whether these palsas are formativé or degen-
erati;e. If one, however, takes into consideration other
evidence of the regressive development of sub-surface ice,
it is a reasonable hypothesis that these palsas are under-
going deterioration. To be sure of tﬁis, pollen profiles
and carbon (Cl4) datings would be required from these for-
mations.

The'trees which begin to aépear in this type of old
Marbloid, or on treed Terrazoid, grow mainly in the depres-
sions between adﬁacent polygons where the ice is not as
near the surface as it is in the centres of the polygons.
Further south the situation changes somewhat where the de-
pressions get increasingly wider and wetter and start form-
ing FI areas which, in most cases, are too wet for trees
to exist. Here when the permafrost table has been lowered
also in the éeat plateau themsélves, the trees start growing
on them too. The tree growth on the plateaus is conducive
to making them drier than before due to higher transpiration.
This kind of pumping action of trees, especially of decid-
uous trees, has been noficed in many cases fo check advanc-
ing paludification (Heikurainen 1960) . The dryer peat will
humify faster but the increase in the insulation capacity
of this dry peat and the interception of solar radiation by
cover will compensate for the loss of insulating capacity

resulting from higher humification. Thus ice will persist



Fig. 116. Low altitude (1500') oblique view of
senescent Marbloid near Ilford in northern
Manitoba, showing disappearance of permafrost.

A - disintegrated edge of peat plateau displaying
free water. .

B - senescent peat plateau with BEH cover.

C - medium sized palsa with EH cover.

D - angularity of wasted peat plateaus indicating
regressive development of permafrost.

N
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in these islands of BHE, AHE, BEI and AEX cover_cqnstitut—.
ing senescent Marbloid and treed Terrazoid. Good examples
of this condition, where ice is still preserved due to

the factors mentioned, are in Figures 95, 97. Formation

of peat proceeds rather rapidly on these plateaus. Because
ice is wasted slowly in the areas neai Norway House the
growth of peat in the plateaus compensates for the consoli-
dation of peat layers where the existing ice disappears
slowly so that there will not be any marked signs of this
thaw in the form of slumped down edges of peat plateaus
with exposed raw peat profiles as in Figures 114 and 116.
It is interesting to notice that'thesé peat'platéaus may
preserve their identity far south of the southern limits of
permafrost as do those ih Figure 17. It has been claimed
.that these formations are initial ombrogenic areas in Areas
15-16 (Figure 17) (SjdSrs 1959). The author, however,
suggests that they are femnants of old Marbloid peat plat-
eaus, but to be sure of this more detailed ground studies
would.be required.

There is plenty of evidence supporting preservation
of ice in peat mounds-aﬁd other thicker formations of raw
peat south of the southéfnllimif of permafrost. Frequently
areas where the ice lingers longer in peat in these cases
have étronger than average lichen (H) cover. This was ob-
served as early as 1927 by Auer (1927) in his studies of

bogs of eastern Canada. It has been reported for instance
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by Ruuhijdrvi (1960) in Finland and by Radforth (1962b)
in Canada. .

The preéent author has encountered ice on several
occasions even in éentral Finland late in the summer in -
large mounds of raw Sphagnum peat with general cover of
small shrubs and Sphagﬂum mosses (EI)Aand commonly with
lichen on the mounds but not iﬁ areas around them which
wefe wetter. During this study similar occurrence ofvice
was encountered .in Newfoundland in many cases. Most notable
was the distribution of late ice (sometimes called clima-
frost, Radforth 1954), in muskeg in the Avalon Peninsula
" near Colinette. There in soﬁe muskeg;FI cover alternates
with EHI cover so that a few square meters of FI are inter-
rupted with a few square meters of EHI cover (Figure 7).

The latter is slightly elevated above the surface. It seems
that the use of H-factor as an indicator of ice conditions,
even in areas of seasonal frost, is feasible if carried out
with discretion. This discretion becomes more important

if one is to consider possible differential growth cycle of
the vegetation. But appearance of H (on dry high mounds)
signifies locally drier and more aerobic conditions, faster
humification of peat, and slower peat deposition which also
is enhanced by decreased amount of Sphagnum in.the cover.
This will result in a depression with H still in it for some
length of time and this might give wrong indications about

the possible distribution of sub-surface ice. Also this
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cycle is faster in areas without permafrost and it is quite
common there to have lichens (H) growing in shallow depres-
sions in muskeg due to this cycle. Apparently this situa-
tion has been a source of strong objections for using H-
factor at all as an indicator of sub-surface ice. However,
that part of the cycle where H-factor appears in the depres-
sions is short-lived (and H is not predominant) as compared
to the other parts of the cycle. 'Thus in the overall pic-
ture and especially on aerial photos, the significance of

H in depressions is not very high. One reason for this, in
addition to the above, is that due to its lower intensity
in thé'depressions it just does not show on aerial photos
as markedly as when it is on mounds and peat plateaus.

A more reliable set of conditions for predicting
lingering ice in péat in the areas south of permafrost
would be possible H cover with EI cover on peat mounds of
peat plateaus. This is based on the fact that the mounds
mostly contain poorly humified Sphagnum peat with low heat
conducti&ity. Also the higher lying mouﬁds in the fall
and winter remain saturated with water and later freeze and
remain above the snow for a longer time than lower lying
areas do. They thus become.totally frozen and also conduct
-heat_readily from the ground thus cooling the ground severely.
In the spring they are first to shed their snow cover and
thaw initialiy on the surface. Due to better drainage con-

ditions, they also dry up quickly. The unfrozen layer of
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dry peat thusAformed insulates the inside of a mound and
the ground under it for a longer period of time from radia-
tion and tends to keep'the ice preserved in the peat.

It should be pointed out that in almost no Ease can
lichen and permafrost or other lingering frost conditions
be related without considering association of other factors.
The author wants to point out that in the Radforth classi-
fication system there should be at least a 25 per cent
coverage of H before it can be included in the cover formula;
this 25 per cent coverage is not a criterion for permafrost
or some other ice condition study and was never intended
as such by Radforth. This coverage of 25 per cent was bas-
ically-created fof engineering purposes as was the whole
Radforth system and naturally an adeStmenf is required if
one wants to use this system for other purposes. The
author would suggest that more than 25 per cent of H should
cover the ground to indicate permafrost. 1In some other con-
ditions, on the other hand, even less than that percentage
of the total coverage could give indications of a possible
‘severe short term ice condition and-thus not necessarily a
permafrost condition, as was found in Newfoundland. The
author's experience in Finland has shown that in large areas
.0of muskeg in central and southern Finland in the places
where there was ice found in peat in late summer, in most
cases the areas was covered even witﬁ extensive EI

(Chamaemorus~Sphagnum fuscum) mounds and plateaus with some
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lichen (Cladonia spp) on them but not nearly to the extent
of 25 per cent of the total cover. There was no lichen in
the surrounding peat areas which did not contain ice.
Brown maintains in one of his recent studies (1968)
that lichen and Sphagnum cannot be used as permafrost indi-
cators since they grow extensively.inlareas without perma-
frost, and that there are areas with lichen covering over
25 per cent of the surface without permafrost. "H" is a per-
mafrost indicator when used in connection with certain peat
formations, such as palsas and peat plateaus, which, by the
way, are the main features contributing to the Marbloid air-
férm pattern. 1In these circumstances "H" appears as HE or
EH and the féctor is much greater than 25 per cent of cover
whichvis the essence of Radforth's and the author's con-
tenfion. Brown (loc. cit;) in another context notes that
palsaé and peat plateaus in the area which was under study
in that work, always indicated permafrost. Since the major
cover in the peat plateaus and palsas is HE to HEI, it be-
comes apparent that Sphagnum and lichens after all, accord-
ing to his studies, have some connection with sub-surface
ice. He also contends that in northern Manitoba in the
southern part of discohtinﬁous permafrost, the only areas
with permafrost are peatlands. - He further refers to the
fact that sedée areas do not often have a frozen core in
contrast to the peat plateaus (loc. cit.). This means that

areas with lichen and Sphagnum are the only ones really to
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" have permafrost.

Brown also refers to the fact thaﬁ in the small
areas of FI cover containing stagnant wa#er there is no
permafrost as contrasted to the surrbunding plateaus and
palsas (Brown 1968). He only seems to account for diff-
erence on the basis of poor drainage and the effect of
water on the heat balance and leaves out the biotic influ-
ence. Difference in structural constitution of peat (due
to different plants growing in the wet areas) providing
for different heat capacitieé and heat conduétivity of this
peat as compared with the peat in the plateaus and palsas
gets no consideration.

No single factor can be isolated as an indicator in
the application of best judgement. The interprefation of
aerial photos and muskeg features from them thus involves
identification and application of a deductive procesé en-
abling conclusions to be drawn from conditions seen on the
photos. Deduction in this instance is based on the knowl-
edgé, gained from ground level investigation and comparison
such as attempted in this work, fhat the development of the
airform patterns among which Marbloid is especially promi-
nent has central significaﬁce_in relation to detection of

sub-surface ice.



MACRORETICULOID PATTERN AND ITS SIGNIFICANCE IN SUB-SURFACE

ICE PREDICTION

It was deveidped earlier in connection.with Reticu;
loid that in the zone of continuous pérmafrost the ridgesb
in the Macroreticuloid pattern are pérmanently frozen
throughout the year. Also in the Microreticuloid pattern,
many larger ridges stay frozen permanently. But the situ-
ation éppears to be different in the discontinuous pefma—
frost zone. The Microretiéuloid ridges (elements) are too
small and are surroﬁnded by large volumes of gquiescent
water which has aﬁ effect on the thermal condition of the
peat ahd does not allow it to remain frozen permanently.

In the literature this has been noted by other investigators
who describe muskeg with negligible gradient, bossessing
ridges, flarkes and_stagnant water and claim that it does
not contain permafrost (Brown 1968a). The description re-
veals that the terrain in this case was Reticuloid.

In large areas the typicai Marbloid airform pattern
is infested with Reticuloid pattern.  In the case of Micro-
reticuloid, for example, ih areas marked with (D) in Figure
103, there is no sub—sufface ice due to the factors which
are a function of the high water fegime, prbperties of wet

peat, and botanical response to this environment, as has

339
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been discussed on earlier pages. In the case of Macroreticu-
loid.invading tﬁe Mérbloid as mérked with (C) in Figure 103,
the matter is vastly different from the'case of Microreticu-~
loid. This type of Macroreticuloid which appears in connec-
tion with the Marbloid pattern indicates two thingé. One

is poor drainage and another is ameliorating climate with
‘ensuing regressive development of sub-surface ice in peat
plateaus.' In the first case the pattern probably never
attained the stage of pure typical Marbloid and probably
never was heavily frozen if the develépment took place in
the discontinuous permafrost zone. In the case of amelior-
ating climate, as applying to Figure 103, the peat plateau
once was part of a near-typical Marbloid pattern but, due

to poor drainage and increasing warmth, water started
accumulatihg in the depressions which originally, in numer-
ous cases, were created by the thawing of ice in peat.

This thawing started generally in the places where
peat plateaus originally were not as well developed as in
the immediate vicinity and where the peat had slightly
higher coefficient of heat conductance. Once the initiation
for the thaw lakes was established, the development went
forward quite quickly through the added heat capacity of
the water bodies represented by the thaw lakes. The result
is a peat plateau riddled with numerﬁus ponds and lakes
like those in Figure 103. Some of them also have been formed'

by solifluction especially near the edges of the peat plateaus
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as in areas marked (H) (Figure 103). In these sites the
deépening thaw eVéry summer has created deeper and deeper
layeré of saturated peat which hasrbeen lying on the frozen
permafrost_table. When the &eight of these peat layers
became sufficiently great they have slid along the perma-
frost table causing shear planes in thé surface and form-
ing parallel elongated lakes. (I in Figure>103). The de-
%elopment along these lines suggests that areas marked with
Reticuloid Marbloid are not as reliable as pure Marbloid

| pattern in the prediction of sub-surface ice, since the

ice is more patchy under this type of pattern and often is
missing beneath features which are identical to those of
the Marbloid pattern where ice is always.encountered.

The development of treed Terrazoid pattern from, or
on the Marbloid pattern, is a clear indicator of amelior-
ating climate since this pattern in most cases involves the
growth of trees on the Marbloid components where ice has
started degenerating as the growth of the trees commences
along the cracks of polygbns and sorted circles. (Figures
90 and 91). Also the formation of large FI areas in this
type of treed Terrazoid-senescent Marbloid condition is due
to the degenerating ice in peat and suggests where there is
no ice and where there still is ice to be encountered. FI
areas are formed as a result of the thawing of the ice and
ensuing collapse of the plateaus. Ih the remaining plateaus

and palsas ice is still preéerved, and, as was shown further
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south, the tree cover which invades the centres of old
polygons and other patterns favours further preservation of
ice. Thus the treed Terrézoid in areas where the Marbloid
has disappeared or is about to do so will form a basis for
sub-surface ice prediction from the air once one under-
stands the course that has led into this pattern and how
tenuously its development is tied to that of Marbloid which

is the prime pattern in the prediction of sub-surface ice.



ANALOGY IN STRUCTURAL COVER AND AIRFORM PATTERN OF MUSKEG

COMPARING FINNISH AND CANADIAN CONDITIONS

It is hoped that this final section on the analogous
muskeg conditions in two widely sepérated countries, Fin-
land and Canada, will be a tes£ of universal application
of the principles discuséed earlier. It also 1is hoped to
reveal p0851b111t1es offered by this type of investigation
to £ill the gap left by the lack of comparatlve muskeg

studies in this sense.

The Effect of Abiotic Factors (climate, geology) on

Paludification Comparing Finnish and Canadian Conditions
Climatically Finland is very ﬁuch the same as that
part of Canaéa where Study Areas 2 to 16 are situated.
Only Areas 1 and to a lesser degree 2 and 3 are colder and
drier tﬁan any part of Finland. Area 14 is somewhat warmer
than Finland while Areas 17 to 19 exhibit much higher humid-
ities than encountered in Finland. Thus most of the Canad;
ian study areas enjoy approximately the same climatic condi-
tions as does Finland and in this respect are closely analo-
éous as to the climatic controls of paludification. The
temperatures, humidity, and evapotranspiration values are

within about the same limits in both areas.
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Geologically Finland is simpler than the total area
of Canada encompassed by the study areas. Practically the
whole.of Finland is in the Fennoscandian4Predambrign Shield
area. This ensures é rugged topography-in smaller scale
while large mountains, excepﬁ in Lapland, are missing.

Only the western coastal areas are very flat and feature-
less in the same way as is a large portion of the Hudson
Bay Lowland Area in Canada. Also in Laplénd between moun-
tains there are large flét areas. The rest of the country
is very similar to most of the rocky Pfecambrian Shield
country of Canada and offers, as far as, topography is con-
cerned, about the same conditions for palﬁgification.

Soils in Finland are largely tillT There are some
clay areas especially in the south and vafious glaciofluvial
soil types formed during the last glaciation. They thus
also conform to the Canadian soil types in the areas where
the Canadian sﬁudy areas are scattered.

Thé closely analogous abiotic conditions affecting
paludification in Canada and Finland ensure that the result
of paludification in both countries is also very similar as
will be seen later. There are small differences in certain
aspects of paludification in Finland as compared with Canada,
however. In Finland unconfined muskeg is not nearly as
widely distributed as it is in Canaaa. Mainly this is so
because of the lack of extreme humidities such as those found

in Newfoundland, and because of the lack of large areas of
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flat country such as the Hudson Bay Lowland. Thus in most

parts of country confined conditions prevail.

A Summary of Effects of Climate and Other Abiotic Factors on

Paludification in Finland

According to Figure 117 the most humid climate is in
eastern Finland as well as in smaller localities in south-
westernVFinland with moisture index values 40 to 50. The
climate appears to be the least humid on the western coast
and in Lapland. Only in the case of two eastern Finnish
areas with value of 50 is there unconfined paludification.
There also the frequency of occurrence is high reaching
values greater than 40% of total land area (Figure 118).

The largest musﬁegAareas are found along the coast
of the Gulf of Bothniaibeing from 40% up to over 60% in
the northern part of the coastal area. Another centre of
high frequency is in Lapland where in large areas frequency
of muskeg is over 50% of the land area. However, these
areas have moisture index values as low as 20 as compared
‘with some areas in the central parts of country with values
over 40,

There are several reasons for this apparent contra-
dictory situation in Finland where the moisture index values
and frequency of occurrence of muskeg do not seem to coin-
cide as well as in Canada. The first reason presumably
lies in the fact that the calculation for the values con-

cerning Finland were based on the older system rather than
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on the reasaessed method used for those dealing with Canada.
(cf. page 75 ). This may cause somé inaccuracy in the
values and probably does not always reflect the true state
of affairs. These circumstances have been recognized also
by Thcrnthwaite who maintains that the system, to be re-
liable and more accurate, needs further deVelopment and
above all more data collected in the field (Thornthwaite
1948). |

The major reason for contradiction is caused by
other abiotic factors, such as topography, overriding the
effect of climate in~theicontrol of paludification. The
effect of topography is felt strongly in the form of Qary—
ing run-off values ia4varioué parts of the country. Thus
in central Finland (Lake District) good drainage conditions
compensate for the relatively high humidity of climate (high
moisture index-values), so chat frequency of paludification
remains lower than one would expact from the moisture
indices. 1In the‘east the run-off is not as good as in
the central parts of the country and this shows in the pa-
ludification which is quite well developed there. This
area forms part of a watershed, Maanselkd by name (Grand
1952), and has a poor drainage condition typical of water-
sheds. In addition to this, favourable edaphic conditions
and humidity of climate (Figure 117) favour paludification
which reaches in some areaa unconfined expansiveness on

slopes comparable with muskeg in Areas 17 to 19 in Canada
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in outer appearance but not ih genesis which is ombrogenié
in the Canadian counterpart:while in Finland it is minero-
genic. | |

The same topographic reason (watershed) causes high
concentration of muskeg in papland in areas with véry low
moisture indicées. The author judges that here also the
inherent inaccuracies in the calculation methods play a
prominent role resultiﬁg‘in too loﬁ values. Inaccuracies
as a reason ére more evident if one considers the effect
of low potential evapotfanspiration values in the north
(300 mm) as compared with high Valués in the south (500 mm).
Humidity of climate is closely dependent on these values,
and their smallness in the north suggests that the climate
there is actually more humid than it is according to the
moisture indices.

‘ The major,concentratioﬁ of muskeg'along the Gulf of
Bothnia with the lowest moistﬁre index values shows strong
evidence of the effect of drainage and soil conditions and
how they can override the effect of climate. The southern
part of this concentration of muskeg on the western coast
(Figure 118) is partly due to the effect of a watershed
(Suomenselki watershed; Gran® 1952) which curves across
the country just south of area with over 61% muskeg (Figure
118) to the east and joins Méanselkﬁ Qatershed. High fre-
guency here is partly caused by the poor drainage so that

60% of the total land area, around the northern end of the
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Gulf of Bothnia is muskeg. Poor drainage conditions here

are caused by tﬁe same factor as in the Hudson Bay Lowland

area. The wéstern coast of Finland too was depressed by

the continental ice sheets during the latest glaciation.

After‘they were released from the ice they initially remained

inundated and acquired impervious sediments. Then crustal

1ift has resulted as the surface of the earth attempts

to reach equilibrium. ‘The emerging land with flat topog-

raphy, impervious sediments and differential lift (which

is faster near‘the sea than inland) offers very suitable

circumstances for paludification with resulting unconfined

muskeg regardless of the climate which would be'better

for this strong paludification in other parts of the country.
The above mentioned features cover the main major

aspects of general characteristics of paludification in

Finland and show that conditions for paludification in this

respect are quite analogous to those in Canada.

Major Vegetation Regions

According to some sources the major vegetational
regions in Finland and Canada are the same. (The Times
Atias of the World 1967). Thus the northernmost part of
Finland belongs to the tundra zone as does northern Canada
where only»study areas 1 to 3, or strictly according to
Figure 18, only Area l; belbng to this‘zone, Most of

Finland belongs to the Boreal Coniferous Forest Zone and
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only a.narrow strip of the southﬁestern'coast belongs to
the Mid-Latitude Mixed-Forest Zone with broadleaf and
‘coniferous trees. In Canada Areas 2 to 13 and 15 to 19
~ belong to the Boreal Zone and only Area 14 to the Mixed~
'Fo;ésf Zone (Gréat'Lakes - St. Lawrence; Figure.18). |
Certain authors maintéin thaf there is no proper Tundra
'Zone in Finland because only the.summits of the highest
mountains in the north aré treeless,‘and are éalled
"fjelds" instead of tundra (Kujala 1952).

The small differences of opinion on the Tundra
Zone are not significant if one considers muskeg vegetation
as compared with that in Canéda. There are features of
tundré in large open unconfined muskegs of Lapland. The
vegetation is cdmposedrmainly of the-samé type of plants
there as in northern Canada.ﬁQén a large portion of Species

is the same and almost all genera and families on muskeg

such as Sphagnum, Eriophorum, Scirpus, Ericacéa (family), -
etc, are the same.

In the Boreél Zone muskeg acquires tree covers. The
main difference is in the species. Black spruce (Picea

mariana) is replaced with Scotch pine (Pinus silvestris).

Only in western Canada is there pine commonly on muskeé

(Pinus contorfa). Cedar (Thuija occidentalis) and Tamarack

(Larch; Larix laricina) are replaced with Norway spruce

(Picea abiesg) and in some cases Birch (Betula pubescens).

Cf the large shrubs species such as Chamaedaphne
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calyculata, Myrica gale, some Vaccinium species are encoun-

tered both in Canadian and Finnish muskeg. Ledum palustre

in Finland replaces Ledum groenlandicum which is common in

Canada. Genus Kalmia is totally absent from Finland as -

on the other hand is Calluna vulgaris from the Canadian

muskeg.

Other muskeg vegetation is approximately the same
in both countries at least with respéct to the families and
genera and, to a great extent, to species. In this context
it would be too irrelevant tovconsider more details of
muskeg vegetation, an aspect which belongs to a floristic
investigation.

Briefly summarized one.can state that there are minor
differences in the species composition. of mqskeg vegetation
between Finland,and Canada‘but as to structure and texture
the vegetation shows aﬁalogous features, an aspect which

will be discussed more extensively in the following chapters.



STRUCTURAL AND PATTERN ANALOGUES IN FINNISH

AND CANADIAN MUSKEG

Cover Classes

The analogous conditions of physiography, climate .
and major botanical features és explained above suggest
structural analogues in muskeg. As structural features, |,
the cover fofmulae and classes of muskeg are more conspic-
uous than the peat deposits.

As the preceding chapter suggests, the main differ-
ences in cover between Canadian and Finnish muskeg are
minor differences in the species while the larger groups
such as families are predominantly the same. Comparative
investigation has revealed that the species differences are
not significant if one concentrates oﬁ structural aépects
of the cover. Thus if one has learned to use the Radforth
cover classification in Canada he is actually also capable
of using it in Finland without any additional training.
‘This is so because the cover classes in Finland are grouped'
together in a way aﬂalpgous to that in Canada and combine
to give approximately the same frequencies of various cover
formulae.

Ground views of a féﬁ main cover formulae of Finnish
and Canadian muskegs described in the following material

will show that the analogy in structure is striking.
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Fig. 119. A ground view of a Finnish muskeg showing
FI cover formula in the foreground. F is composed mainly

of Carex filiformis and I of various Sphagnum species.

Fig. 120. A ground view of a Finnish muskeg showing

intermixed FI and EI cover formulae. F consists mainly
of sedges, I of various Sphagnum species with Sphagnum
fuscum predominating on the ridges. E is mainly formed

by various Vaccinium species and Rubus chamaemorus (cloud

berry, salmon berry, yellow berry).
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Figure 119 from central Finland gives an example

of FI formula where Carex filiformis is the major compon-

ent forming class F and various Sphagna are the main com-
ponents of the I class. This compares favourably with
Figure 36 of northern Manitoba. 1In this figure the FI
cover in the foreground is formed by sedges and various
Sphagnum mosses.

In both cases also the properties of the peat at
least near the surface are very similar in structure. In
depth there may be structural variations due to the diff-
erent developmental histories of the muskegs.

Figure 120 is another example of muskeg in Finland
with a general FI cover intermixed with smaller areas of
EI cover on the mounds. In this case F is not as strongly
developed as in Figure 119 and consists mostly of Carex.
I is more prominént in FI areas as well as on the mounds

with EI cover. It is formed by various Sphagna of which

Sphagnum fuscum predominates on the mounds with Vaccinium

and Rubus chamaemorus forming class E. This figure com-

pares quite well with Figure 109 in Manitoba. Even the

species, except Rubus chamaemorus, are basically the same

in both locations. These two figures are examples of an
area with lower amounts of FI and EI than those in the
previously mentioned figures (36 and 119). The peat here

‘ is also slightly deeper than in the previous cases.
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Fig. 121. A view of a muskeg in northern Finland

(Lapland). The main cover formulae are EI - EFI. E

is formed by Betula nana, Ledum palustre and various

Vaccinium species. F is formed by various Carex and

Eriophorum species while I consists mainly of Sphagna.

Fig. 122. A view of a muskeg in central Finland showing
an abrupt pond edge formed by a peat pla;eau. Cover in
the‘backgroﬁnd is BEI, EI cover on the slope ﬁith some

H and FI in the foreground near the water. B is formed

by Pinus silvestris, E mainly by Ledum palustre, I by

Sphagna and F by Carex species.
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Figure 121 from northern Finland (Finnish Lapland)
shows a muskeg with EI-EFI coﬁer formulae very Similar'to
those in Figure 8 and somewhat siﬁilar to those in Figure
7.‘ In the Finnish exaﬁple E is formed mainly by Betula

nana (dwarf birch) with small amounts of Ledum palustre

and various Vaccinium species. In the Canadian counter-

part (Figures 7 and 8) E is largely Chamaédaphne calyculata.

In both cases F is formed by various representatives from

the Cyperaceae family and I is formed by Sphagna. Both of

these cover types are very common both in Finland and Canada.

Treed muskeg is quite common in both countries too.
In Finland there is proportionally more treed muskeg be-
cause of the intensive drainage of muskeg for forestry.
Natural treed muékeg is about as common proportionally in
Finland as in Canada.

Figuré 122 from centralAFinland is an example of an
~edge of a peat plateau by a pond in muskeg and reveals
BEI cover in.the background, EI cover with some H on the
slope and FI in the foregfound near the edgé of the water
(which was behind the photographer in this photo). This
compares quite well with Figure 123 from Manitoba. Here
the cover is BEI ‘in the background and EI in the foregrouna.
FI was behind the photographer at the water's edge in the
same way as in Figure 122. Structurally these two areas

are analogous although the species composition is different.

In Figure 122 B is formed by Pinus silvestris (scotch pine)
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Fig. 123. A view of a muskeg in northern Manitoba

showing BEI cover (Picea mariana,vchamaedaphne

calyculata and Sphagna) in the background and EI

in the foreground.

Fig. 124. A view of a Finnish muskeg showing localized

‘H-factor (Cladonia aplpestris) on the ridges bearing

BEI cover.
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E predominantly by Ledum palustre, I by Sphagna and F by

Carex (with some G intermixed, note Cicuta virosa in the

foreground). In the Canadian counterpart B is formed by

Picea mariana (black spruce). E is formed by Chamaedaphne

calyculata predominantly. In Finland this species appears

on muskeg only in the north and evén there never to such
a great extent as in Canada. I and F are formed by Carex
and Sphagna in both countries.

Figure 122 is also guite similar to Figure 45 which
shows an abrupt pond edge in a Marbloid area in northern
Manitoba. The main difference is in the amount of H which
is negligible in Figuré 122 which was not obtained from a
permafroét region.

There is also H on muskeg in Finland but localized
in tHe same manner as in Newfoundland since both these |
areas are outside perm?frost regions. Figure 124 from the
northern part of central Fihland reveals well developed H-
factor on peat ridges. This is, however, quite localized
and is not evident in aerial photos taken at higher alti=-
tﬁdes. The only areas with morelH are in northernmost
Finland and there it occurs mostly on palsas which are rep-
resentative of discontinuous permafrost.

In summary one can state that the cover classes and
formulae and their freqgquencies in Finland and Canada are
approximately equal. The major difference is the lack of

extensive areas of HE and EH cover formulae in Finland to
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Fig. 125. A low altitude (500') oblique view»of a
muskeé in southern Finland showing Planoid iow
altitude airform pattern. Cover is mainly fI.
(pale green flecks) intermixed with pure I cover

(light green) and some E (circular brown areas) in-

vading locally.

Fig. 126. A low altitude (500') oblique view of a
muskeg in southern Finland showing 1ow—lying FI areas
(pale green to black) and higher contorted peat
ridges with EI coVef’with some H (white flecks) in
it. This is also an example of low altitude airform

pattern called Vermiculoid I.
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the extent that they are encountered in Canada. This is

due to the lack of large areas of permafrost in Finland,

which as has been shown previously, is quite closely re-

‘lated to extensive distribution of H cover.

Airform Patterns

The similafities'inAthe cover formulae and cover
classes as described in the pre%ious section suggest that
there may be similariéies also inAthe airform patterns.
Airform patterns are basically fofmed by the cover formulae
and their distribution and distributional frequencies
strongly affect the éppearancé of airform patterns. There-
fore, because the fregquency and distribution of various
cover formulae and cover classes in Finland are apéroximately
the same as in Canada one could presume that the airform
patterns have about the same appearance in both countries.

Figure 125 taken at an altitude of about 500 feet
in southern Finland shows an area with Planoid low altitude
.airforﬁ pattern where the major cover formulae‘are FI (pale
green"flecks") intermixed with nearly pure I cover (bright
green areas). Circular darker bfownish areas have been in-
vaded also by E-cover. This figure compares favourably with
Figure 15 from Manitoba. |

Figure 126 is a low altitude (500') oblique view
from southern Finland of a muskeg with lowlflat-lying FI

(light green to black areas) and contorted peat ridges with
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Fig. 127. A high altitude (30,000")

vertical airphoto of a raised bog in
eastern Canada showing the typical
almost concentric ridges of this

type of bog.
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EH and EI cover (brownish ridges with light flecks). This
figure compares well with Figure 99 from Manitoba just by
the southern limit of permafrost. The pattern and the
cover are analogous and also indicate similar sub-surface
ice conditions for reasons already explained in previous
sections. |

The term raised bog (ombrogenic) and the spécial
reticuloid pattern with éoncenfric ridges have already been
dealt with in detail.' This pattern shows as Macro;eticuloid
even from high altitude and is fairly common in the maritime
areas of both Finland and Canada. Figﬁre 102 from south-
eastern Finland is an example of the Macroreticuloid pattern
of a raised bog, and compares quite well with Figure 127
from eastern Canada. The former is a low altitude (1000')
and the latter a high altitude (30,000') view. In both
cases the ridges bear EI to BEI cover. This pattern indi-
cates the very humid and quite cool climatic conditions
common to both regions.

Of the high altitude airform patterns Dermatoid,
Stipploid, and Reticuloid patterns are proportionally as
common in Finland as in Canada. Marbloid in its typical
form is lacking in Finland and although it appears in its
old form in northern Lapland it never occurs to such an ex-
tent as in Canada. The same may be said of the Terrazoid
pattern. Also large expanses of typical Macroreticuloid

are less common in Finland than in Canada. All this results
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Fig. 128. A high altitude (30,000") veftical airphoto
of a mdskeg in northern Finland (Lapland).

D - Dermatoid |

M - Micréreticuloid

S - Stipploid.

Fig. 129. A high altitude (30,000') vertical airphoto
of a muskeg in central Manitoba.

D - Dermatoid

M - Microreticuloid

S - Stipploid.
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from the lack of extensive areas of continuous permafrost
in Finland as contrasted with large permafrost areas of
Canad;. | _

Figures 12 and 127 are examples of high altitude
aerial views of muskeg in northern Finland and northern
Manitoba respectively. They both reveal large areas of
Dermatoid (D) and somevStipploid (8). There are also quite
extensive areas of Microreticuloid (M) which is not always
easily detected &ithout visual aids such as stereoglasses.
In the Finnish muskeg this Microreticuloid is often formed
by peat ridges with BEI cover. In the Canadian muskegiit
is predominantly composed of Sphagna. In both cases there
is no sub-surface ice during the summer.

These pairs of photos reveal that the airform patterns
are qguite analogous in Finland and Canada with respect to
muskeg and therefore the analogies can be applied to
aerial interpretation of muskeg in several aspects of in-

vestigation of muskeg problems.

Application of Airphoto Interpretation to Planning

for Muskeg Utilization

The discussion above on the analogieé between the
Finnish and Canadian muskeg cover reveals that the prerequi-
sites environmental conditions, climate, geomorphology, etc.
and the resulting cover structure and airform pattern are,

in their main features and in some cases even in small details,
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analogous. This implies a possibility of utilitarian
application of the analogous-condition. Thus it would be
possible to use airphoto interpretétion of analogous cover
and airform pattern features as an aid in determining suit-
able use for various muskeg areas in Canada based on the
utilization of similar areas in Finland.

In Finland muskeg has been utilized to a consider-
ably greatef degree ana for a longer time than in Canada
and the propertiés of beat under certain kinds of cover
and now also under certain kinds of airform pattern are well
known. With this background information the properties of
peat in Canadian muskeg can be quickly determined.

For example, if forestry and agriculture are con-
templated, areas with stipploid cover are the most suitable
for forestry in Finland. Thus, in Figure 129 the stipploiad
(S)'areas would be the best ones for forestry purposes.
Figure 128 from Finland shows that large areas have been
used for agriculture. The pattern in those areas is pre-
dominantly Dermatoid with some Microreticuloid. This im-
plies that in the Canadian area (Figure 129) areas marked
with (D) would be best for agricultural purposes.

Normally in this type of analysis, airphoto inter-
pretation results are verified by checking conditions on
the ground. Detailed knowledge, obtainable only from the
ground studies, is needed to determine suitability of the

muskeg for agricultural reclamation. In this case it is



572

known that in the Finnish muskeg, class I is formed by
Bryales mosses which indicate more neutral conditions than
those in the Canadian area where I is formed by more acid
Sphagna. This means there are differences in the fertiliza-
tion procedure‘for the areas in their preparation-for
agricultural use.

Figures 102 and 127 showing a raised bog Reticuloid
pattern indicate that the peat under the surface is very
probably predominantly'raw Sphagnum peat and thus suitable
for peat moss production and other horticultural use, but
not at all useful for forestry and very rarely for direct
agricultural purposes. Here too as elsewhere detailed
ground surveys are needed to determine the final type of
utilization but, aerial interpretation is a convenient and
rapid preliminary survey method which greatly reduces the
amount'of gfound study required. Also the same approach
can be used for more purely scientific studies, such as for
investigating and explaining past develdpment of muskeg
feaéures, and for predicting future ecosysfem behaviour in

muskeg regions as previous sections have revealed.



SUMMARY AND CONCLUSIONS

In order to summarize the forégoing discussions it
is necessafy‘to think of the various factors discussed as
simultaneous influences which combine to generate specific
sets of conditions conducive to paludification ahd develop-
ment of'airform.batterns, All these factérs which take
part in an interplay can be thought of in terms of causes
and effects (respdnses). The degree of vatious effects
depends on the seﬁsitivity of various properties of tetrain
" and plants to environmental influences which bear on them.
Furthermore because the proceés (paludificatioh} pattern
development) is time-dependent and because there is inter-
play between causes and effects the relative magnitude of
the causes are in turn influenced by the magnitude of effects.

To facilitate the understanding of the process in
toto it has been put into the form of a:diagram which re-
veals the feedback mechanism involved and also a certain
kind of three-dimensional nature of the process. After the
explanatibn of the basics of the diagram tﬁe components

and their place in the diagram are dealt with.
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Independent] _[piotic Abiotic Object Airform
Controls

General ~IProperties _!’Properties Eblndicators_f?' Pattern

Fig. 130. Diagrammatic representation of the interplay of

causes and effects in paludification and pattern development.

The following points are necessary‘for understanding
the workiﬁg.of the syétem in Figure 130:: |
1) The diagram repreéents a system.
2) The system is made up of‘comp0nents represented by rec-
tangular compartments,
3) The interrelation of causes and effects among the com-
ponents is represented by lines and arrowheads joining the
rectangular compartments.
4) The response of a component to a given influence (cause) -
is Qenoted by a line (lines)} attached to the right-hand side
of compartment with the arrowheads pointingAaway from the
- component.
5) The action of an influence (cause)‘upon a component is
represented by a line (lines) attached to the left-hand side
of compaitment with arrowheads pointing towards the component.
6) Branching of interconne¢ting 1ines>allows the depiction
- of the distribution of individual actions to several com-

ponents simultaneously.
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The following is a brief summary of factors which
take part in the process and which have been described in
detail in the discussions earlier. They can be grouped

under the headings for components in the different com-

partments.

Independent general controls: These are the basic ultimate

controls of paludification and certain related factors
affecting it. The most influential in larger scale paludi-
fication are the physiographic (geomorphology, geology, top-
ography, edaphic factors) and climatic influences. Together,
and in some cases alone by overriding each others effect,
tﬁey determine the main céuse 6f paludification and thus lay
the basis for pattern develo?mentu Whenever they are con-
ducive to unconfined paludification there is a good chance
for development of a high alﬁitude airform pattern. In the
case of : -confined paludification this not possible because
of the scale factor. On this more local scale the signifi-
cant features are crustal uplift and moisture regime as de-

scribed earlier.

Biotic properties: While the properties themselves are in-

“tangible in a way, their response to the independent general
controls takes the tangible form of certain biotic features.
The one of particular interest in this context is muskeg
vegetation. As depicted in.Figure 130 this (or these) bi-

otic response in turn acts upon the abiotic properties of
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the system to further the process of paludification.

Abiotic properties: These ﬁay be divided roughly into two
sets. The first one arises from the direct influence of
biotic response and in this work comprises peaf with its
various physical propé;ties as the function'of muskeg
vegetatioh. Some of the physical'properties of peat (e.g.
insulation capacity) arises from the structure of plant
~constituents (see chapter on the structure of Sphagnum
ﬁosses) and some from the mode of formation of peat and
physical factors affecting it.

The other set comprises abiotic properties which are
partly a direct result of the function of the independent
controls and partly a result of the interplay between bi-
otic and abiotic properties as reveaied by the feedback
channel in figure 130. Properties in this category are
features such as soil steps, circles, polygons, watef and
ice taking part later in the paludification processes,
certain drainage features etc. |

In Figure 130 there is one line going directly to
the compartment representing object indicators from the
~ébi6tic compartments while another line turns back into
biotic and abiotic components. This second line represents
the feedback system in this process. It is evident that
the current state of abiotic properties can affect their
future change. It is also evident that through abiotic and

biotic interplay there is mutual enhancement for generation
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of both these components with resulting accelerated develop-
ment towards object indicators and ultimately towards air-

form patterns.

dbject indicators: These are a result of the'direct action

and interplay of various components which precede them in
the system (Fig. 130). Object indicators (mounds, peat
plateaus etc.) are the ultimate constituents of airform
pattern. Thus théy are a reéponse.to ﬁhe function of all
the other factors preceding them which thus fundamentally
contribute to the generation-of airform pattern.

To avoid duplication the aboye account of various
components of the Figure 130 has been left brief. . The
following is an exampie how this diagram can be used to
interpret the result énd the points of contribution.

I1f one first considers the géneral controls one ob-
serves that to create conditions conducive to paludifica-
tion the following specific conditions must bé obtained.
The ciimafe, geomorphdlogy (topography) and soil conditions
have to be such that the basic suitable set of conditions
is obtained for paludificatién to proceed. Briefly, that
set ofICOnditions comprises a cool, humid climate to start
paludification; flat smooth topography to proceed towards
unconfined conditions and preferably impervious soil. The
‘biotic properties of the éystem respond to these conditions

and the response is expressed as muskeg vegetation starting
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to cover the ground. This response can cause development
of various types of peat formations. Let'it be assumed
that fermation of peat starté on an area with permafrost
(abiotic property) with soil circles (independent genera;
control). As has been'descrined earlier a certain chain of
‘events eeeurs. One result is that nhere is formation of
_peat winh certain physical properties. Thus another set of
‘aniotic properties has been generated. The high insulation
'capacify of peat-(abiotic property) will ensure growth of
ice lenses in the peat. This may alter the muskeg vegeta-
tion on it or enhance itS'growth.' This represents feedback
from the abiotic eomponent to biotic properties component.
Enhanced gronth of peat at the same time may also increase
acidity of the envirenment which further enhances growth of
peat. Thus the response of the abiotic component through
feedbéck to the biotic properties has an indirect bearing
on the abiotic‘component. At the same time the enhanced
growth of peat also facilitates growth of ice in peat and
the'feedback path from initial (permafrost, soil circle)
and secondary (ice lenses in peat) abiotic properties directly
back to the same component is obtained. This process leads
to fast growth of object indicators and. through them to
airform pattern. .
The explanation here alsoc reveals how Varions factors 

described in detail earlier are a part of the whole system

stérting with the general accounts of climatic and geologic
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conditions and proceeding through‘detailed accounts of
structure of peat and related features. This example is
a simélified single representation of the process and it is
to be remembered that one can start at any point in the
diagram, take any property (for instance acidity, insulation
capacity of frozen peat, some drainage features in muskeg,
.méde of formation of peat) in the syétem and follow its in-
fluence in the manner described above by applying the de-
tailed principles described in the earlier part of this
work.

The following will summarize briefly the main points
of principle developed in this investigation.

1. The significance of mechanicai and'physical in-
- fluences as factors contributing to pattern deveiopment has
affo;ded.new‘apprdach in exposing and explaining the role of
abiotic contribution. These influences are clearly a re-
sult of edaphic and climatic interplay and also their inter-
play with biotic factors thus being expressions of both the
biotic and abiotic effects (Fig. 130). The extent to which
these influences act and their direction can be concluded
as contributing to the initiafion of the development of
pattern. In certain cases either biotic or abiotic expres-
sion aloﬁe may fellow the independent genetal contreols in
initiation in- the sfstem of ail staées of pattern aevelop~
ment.' Thus theoretically the mature patterns are reflections

of mass vegetal adaptation and the variability is an expression
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of different degrees of incomplete adaptation.

2. The genesis of object indicators as based on the
study énd evidence derived from the biotic-abiotic inter-
play serves to account in part for the adaptational trends.
The genesis of structural expreésiop of the covering vege-
tation also discloses objectvindicators, and it is the
'colledfive presentation of these object'indicators that
signifies the physiognomy of adaptationai trends. Thus
the object indicators in terms of total physiognomy of
pattern are the units which provide the basis of interpre-
tation of terrain conditions. This is so because they are
the elements of adaptational expression, the objectively
devised true reflecfion of organization in terrain.

3. The implication inherent to the above principles
is that there is an organization in organic terrain pattern.
This enables prediction of terrain states to be made facil-
itating, for instance, assessment of presence, form and
distribution of sub-surface ice.

4. The investigation of development of airform pat-
tern arising from development of object indicators has
established that.there is an evolutionary trend in the de-
velopment of patterns.

5. Objective study of various aspects in airform
pattern genesis and analysis of its various features has
shown that recurring patterns exist. Contribution in the

present work in this connection arises from the developed
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principle that muskeg vegetation associates with effec£ of
changiﬁg mechanical and physical relationships in the ter-
rain (mineral and organic) to promote geomorphic values,
the basic constituents of airform patterns.

6. These patterns thus can be accounted for as ob-
jéctive’features rather than subjective ones. Ultimate
patterns conform essentially to the airform batterns of
Radforth (1955b and‘1958) who subjectively selected them,
‘because they were conveniently recognizéble, without ex-
plaining them.

7. Analysis of airfofm pattern evolution has estab-
lished that there are variations of Marbloid pattern which
deviate in certain degree from the typical mature Marbloid.

8. These variations recur in a characteristic way
~ and recurrence is controlled by several interplaying factors.
The basic cause for the variations is the interplay of local
biotic and abiotic factors, and independent general envir-
onmental controls.

9. Variability of airform pattern is dependent also
on the differing levels of influence of biotic and abiotic
interplay which vary in characteristic ways depending on
latitude, one of the independent general controls (Fig. 130).

10. There is also a gradient not only in accordance
with latitude but also with the maritime-continental axis.
Here the variability is affected by minerotrophy or ombro-

trophy of the environment and has a strong influence on the
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development of patterns. Some features arising here can be
used for predictidn of seasonal (climafrost) in peét from
the air. | |

11. The investigation on the effects of certain abiotic
soils, topography, geomorphology) and biotic influences
has established that the confined - unconfined state of
4mnskeg.is largely determined by geomorphic characterization
of major géological phendmena such as the Precambrian Shield
and Palaeozoic formations. Thus geology affects sub-surface
ice prediction in the large scale sense because the exten-
sive use of Marbloid airform pattern in prediction requires
unconfined of near—unconfined'conditions of muskeg to de-
velop to an extent in which the characteristic features of
Marbloid afe visible from the air. .

12. Further, the history of the development of pattern
coincides with the development of characteristic drainage
systems which are therefore an inherent part of pattern evo-
lution as it changes with latitude.

13. The rationalization accounting for formation of
object indicators and the establishment of the effect of
edaphic factors on character of airform pattern involveé the
establishment of the principle that pattern dynamics relates
to presence, distribution and topography of sub-surface ice.
Thus object indicafors ha§e a relationship in a symbolic
senée to sub-surface ice conditions.

14. In terms of principles established in this work,
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Marbloid and to.a certain extant Reticuloid and Terrazoid
have developed from interplay of biotic and abiotic fac-
tors. Various frost (ice) features are especially promi-
nent in this development. This justifies and gives ex-
tended value to the.use of this (these) pattetn(s) for
reliable prediction of sub-surface ice from the air or
aerial photographs.

15, These principies established on evidence from
the investigation allow for implementation of a system
of reliable interpretation of organic térrain conditions.
The method of interprétation must accommodate repeatabil-
ity of characteristic developmental stages, a principle
arising from the establishment of recurrence of airform

pattérns and their variations. Such a system is evident

in Figure 130, which reveals the‘interrelationships in
pattern development diagrammatically.

16. Certain abiotic (soil patterns, temperature con-
» ditions) influences on paludification establish symbolic
secondary patterns (for example, polygonal pattern) in
muskeg. Polygonal pattern in Marbloid especially forms a
reliable indicator of sub-surface ice, its distribution and
condition from the initiation of Marbloid through its var-
ious stages to eventual degradation;

17. The evidence derived from the iﬁvestigation on
the biotic and abiotic factors affecting formation of object

indicators establishes that, despite abiotic influence,
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prediction can be made on the basis of reference to vegetal
structure alone. This implies that vegetal structure,
cover formulae or even cover classes, can be used as sub-
surface ice indicator symbols (cf. H-factor). Use of sym-
bolic vegetatiqn alone in the prediction process, however,
reqﬁires a higher degree of discretion than use of air-
form patterns.

18. The details of the biotic and abiotic interplay
producing object indicators further confirm the feasibilityi
and reliability of predicting sub-surface ice conditions
beyond the permafrost region. This involves the use of
symbolic vegetation as object indicators.

19. Establishment of the fact that it is possible
to predict the preSence of sub-surface ice in muskeg from
the air and even to determine its condition, whether it is
seasonal or permanenf, and whether it is continuous or dis-
continuous, creates various possibilities for application
of this capability for utilitarian or scientific purposes.
Only a few major aspects of application will be discussed.

A. The influence of the underlying mineral.soil,
especially when patterned, on the development of Marbloid
suggests that it is possible to predict the conditions pre-
vailing in the mineral sublayer and even the type of soil
under the peaty overburden. As an example of this possi-
bility, comparison of Figure 50 with Area (A) in Figure 91,

and Area (A) in Figure 68 with Area (B) in Figure 91 indicates
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interpretation relationship (cf.:different developmental
stages). This would not be possible if evolutionary trends
of pattern deveiopment as they now have been disclosed
here were not known. 'There.is still a need for more work
in this field fo increase prediction accuracy.

B. Another form of appiication arising from under—
standing of pattern dfnamics is. the pfediction of the future
of certéin.muskeg conditionso- This involves comparison
of a selected locatioﬁ and its pattefn'features with the
total image of pattern evolution to determine the stage of
development in that location. This.being aécoﬁplished,
one is able to predict the possible future conditions in
that location as based on evolutiénary trends as they are
influenced by prevailing biotic-abiotic intérrelationships
and external environmental factors (independent general
controls).

. C. The knowledge of the mo&e of influence of biotic
and ,abiotic factors on the evolution of muskég environment
_suggests that it is possible to influence the course of this
development by manipulation of the controls. Manipulation
- could be effected in Qarious ways, such as draining the mus-
bkeg or stripping the insulating peat cover to cause differ-
entials in the thermal and.biotic characteristics, resulting
in changes in the trends of development. Careful manipulation
could be used for engineering purposes to encourage better

use of land. If desirable, manipulation could be used to
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retard development and thus to‘cdnserve-certain conditionsc

D. The possibility of predicting sub-surface ice
conditions in ﬁuskeg from‘the air is impértant in reclama-
tion for forestry and agricnltural purposes. It is very
significant for effective reclamation to predict 6ccurrence,
distribution and conditions of. sub-surface ice espeqialiy
in the zone of discontinﬁous permafrost. Increased human
population and new discoveries of natural resources, such
as petroleum have raised intereSt in northern development.
Reclamation fo# agriculture, forestry and construction is
imminent. Therefore accurate and economic prediction of
muskeg conditions is of highlimportance in the national
economy .

E. The problems involved in the reclamation of mus-
keg are parﬁially the same as for certain engineering prob-
lems, especially transportation over trackless‘expanses of
muskeg. The aerial brediction system, knowledge of the con-
trols of paludification and their effect on environmental
change are of prime importance for route location, construc-
tion methods and for economic planning for engineering pro-
jects. The probleﬁ is more acute in areas with discontin-
uous permafrost where interpretation is needed because per-
manently frozen ground is not ubiquitous as in the zone of
continuous permafrost. There the problem of how to build
without disturbing permafrost is less difficult. In connec-

tion with road location, behaviour of the terrain for the
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anticipated engineering needs ;nd design4for adjustment be-
cause of the peculiarities of the now predictable charac-
teristics of tﬁe sub-surface ice can now be considered

_ scientifically. The knowledge of the biotic and abiotic
controls facilitates modification of normal methods of
constrﬁction either to achieve minimum disturbance of the
environment ér to manipulate it for best results. The
interpretive system which now affords reliable prediction
has also provided a reliable foundation for mapping pro-
cedures without fear of subjectivity.

F. A theoretical and partly practical application of
this work relates to the hydrolog;cal needs of this conti-
nent. The growing population and rising level of technology
have brought about an increasing demand for fresh water.
There are projected controversialAsuggestions for diverting
to the south Canadian rivers now draining into Hudson Bay,
to satisfy this demand. While these projects are relatively
simply realized as far as the engineefing is concerned, their
impaqt on the land environment as interpreted in the present
work is almost totally ﬁnknown. The largest remaining al-

. most untapped reservoir of fresh water on this continent

is the terrain under the dominating influence of muskeg as
the Cambridge Bay - Lake Winnipeg aerial traverse suggests.
Large areas of the water source are covered by various kinds
of muskeg. Structural and microenvironmental differences
now objectively interpretable should be assessed and mapped

in relation to proposed scheme of diversion. Flooding and
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diversion of water flow (naﬁural or artificial) on a local-
ized or widespread scale generates a structural response

" within the peat in different ways and degrees depending
-upon peat type and its exﬁent. In addition, alteration of
fhermal regimes influencing dévelopment of airform patterns
would have massivé.effect on fhe dynamics of sub-surface
ice no& controlled by the peat in different wafs as evi-
denced by characteristics of the patterns and their distri-
butional phenomena. ‘

G. The distribution of ice can be predicted even in
small scale from the airphotos. Its role in terms of mus-
keg pattern evolution is now known and one can now reason-
ably speculate as to what would happen if the waters were
diverted by basing some of the speculation on the disclosed
characteristics of muskeg development. As based on the
interrelationships of biotic and abiotic influences in
Marbloid development it can be suggested that these large
muskeg areas would act as collection areas for fresh water
where permafrost is undergoing regressive development.

They would act also as release sources for'grdund water.
Thus new and widely influential problems would arise if

the well balanced muskeg systems were disturbed by manipu-
lations of unassessed effect. In some areas as yet unmeas-
ured muskeqg would dry out on the surface with ensuing better
insulation properties in the superficial peat thus resulting

in progressive development of permafrost and diminishing
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available water which would be retained by formation of

ice. 1In othér cases the dryer superficial peat would be
more vulnerable to wind erosion and increased microbial
activity with increased degree of humification and with
ensuing loss of insulation capacity of peét which would re-
sult in faster thaw of permafrost. This in turn would cause
flpods and rapid release of water with sudden volume changes
in the resources. To predict accurately the new dynamics

of water balance and loss more investigation of controls

of paludification and management methods on muskeg hydrol-
ogy is requiréd.

20. Finally an aspect of contribution lies in the
possible universal application of aerial photographic in-
terpretation system as evidenced by short account of»thé
analogous conditions concerning Finnish and Canadian muskegqg.
This section.emphasizes the impact of the independent general
control oh paludification and éonsequently on the structurai
cover and airform pattern.

These, only a few of the possible applications aris-
ing from the principles disclosed in this work, feveal sev-
eral new problems. New, more sophistica£ed aerial remote
sensing methods.may in the future be of great help in solv-
ling the problems especially because the areas are remote

and conventional methods are cumbersome and time consuming.
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TABLE 7

SUMMARY OF PROPERTIES DESIGNATING NINE PURE COVERAGE CLASSES
(From Radforth 1952)

Coverage Woodiness Stature Texture
Type Vs, v Growth Habit .Example
(Class) Non-woodiness (approx.height) (where required)
A woody 15 ft. or over - tree form Spruce, Larch
B woody 5 to 15 f%. - young or Spruce, Larch
dwarfed tree Willow, Birch
or bush
C non-woody 2 to 5 ft. - tall
: grass-like Grasses
D woody 2 to 5 ft. - tall shrub or Willow, Birch
very dwarfed  Labrador tea
tree
E - woody 0 to 2 ft. - low shrub Blueberry
; Laurel
P nohawoody -0 to 2 ft. - mats, clumps @ Sedges
or patches Grasses
sometimes
- ‘touching
G non-woody 0 to 2 ft. - singly or Orchid
loose Pitcher
association Plant
H non-wooady 0 to 4 in. leathery to crisp mostly con- Lichens
' : tinuous mats
I non-woody 0 %o soft or velvety often contin~ MNosses

uous mats
sometimes in
hummocks

¢0ot
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THE RADFORTH COVER CLASSIFICATION SYSTEM
(Radforth 1952)

CLASS B

CLASS C

CLASS G CLASS H
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TABLE 8

LOW ALTITUDE ATIRFORM PATTERNS
(Radforth 1958)

Pattern

Description

OBJECT INDICATORS
Topographic
Vegetation

Plancid

. An expanse lacking textural

features; plane

flats, ridge FIE
hummock, FEI
mound., - BFI
rock gravel, EFH
plain E, EF
gravel bar, -
closed pond,

rock enclosure,
open pond,

exposed bolder, -
hidden bolder,
extensive plateaus

Apiculoid

Pine-textured expanse,
bearing projections

piateau sldpes, AHE
flats, AEH, BEF
gravel bar :

Intrusoid

coarse textured expanse,
caused by frequent interrup-
tions of unrelated, widely
separated, mostly angular
"islands™; interrupted -

closed pond, FI, I
rock enclosure, EH, EF
open pond, FE
exposed bolder,

hidden bolder

Verniculoid-1

Striations webbed into a closed
net and usually joined

flats, BH/FI

90



TABLE 8 -~ continued

TOW ALTITUDE AIRFORM PATTERNS

(Radforth 1958)

OBJECT INDICATORS

Pattern Description
Topographic.
Vegetation
Vermiculoid-2 Striations in close association, hummock, E/FI,
' often foreshortened and rarely
completely joined 4
Vermiculoid-3 Striations webbed into an open mound, FI/FI
net, usually joined and very ridge, FI in
tortuous water
Cumuloid Coarse textured expanse with even peat HE, EH
lobed or finger-like "islands" plateau, EHB
prominent; components shaped irregular HEF
like cumulus clouds peat plateau,
Polygoid Coarse textured expanse cut by polygond, . EH, HE
' E

intersecting lines; bearing
polygens

4Ot
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. TABLE 9 -

HIGH ALTITUDE AIRFORM PATTERNS
{Radforth 1956)

Pattern .+ Description Designation
{(common cover classes)
Dermatoid Chiefly textureless FI,HE,EH

and plane; a simple
covering lacking
ornamentation (skin-
like in the funda-
mental and literal

sense)
Marbloid Polished marble AH,AEH,EH,DBE,HE,FI
' effect
Reticuloid | Net-work _ FI1,EH,D,DBE
Stipploid Constructed of close- AEH,AH,HE,D,FI

ly applied dots

Terrazoid Patch-work quality FI,EH,HE,D,AEH,DBE,AH
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PLATE III

HIGH ALTITUDE AIRFORM PATTERNS
(Radforth 1956)

DERMATOID

MARBLOID

RETICULOID

STIPPLOID

TERRAZOID
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. : GLOSSARY

A - Cover class. Woody, 15 ft. or over in height.

AAPAMOOR (aapabog, aapamuskeg) - Mostly treeless subarcti?
sedge bog with rimpis and peat ridges and sometiﬁes
flooded in the'spring. anpa (Finnish) = open, wide).

AAPAMOOR COMPLEX - System oanapamoors,

ACTIVE LAYER - Layer of ground above permafrost which thaws‘
in the summer and refreezes in the winter.

ABRUPT POND EDGE - Steép banked edge of pond 1n muskeg.
Occurs frequently in unconfined northern muskeg as well
as in raised bogs.

AERIAL INTERPRETATION - Evaluation of terrain character by

 direct observation from the air or by examination of
aerial photographéf

AIRFORM PATTERN - An arrangement of shapes, apparent at a
partiéular altitude, which is characteristic for sig-
nificant terrain entities and their spatial relation-
ship and thus useful in the application of aerial inter-

'pretation. |

ALBEDO - Reflective power (reflection of the light).

APICULOID - A descriptive tern designating a 5000 ft. air-
form pattern characterized by "fine-textured expanse"

bearing minute projections.

412
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ASYMMETRICAL VALLEY - An east-west valley with asymmetri-

cal cross profile due to differential erosion of the
north - and south-facing slopes of the valley resulting
ultimately ﬁrom the differential exposhre of these
slopes to the eléments.

Cover class. Woody, 5 to 15 ft. in height, young or

~dwarfed tree or bush,

BEADED STREAM - A stream with enlarged, more or less round

BOG

C -

pools spaced irregularly along a narrow stream giving

an image of a string of pearls. Chafacteristic of ?erma—
ﬁrést regions.

- The usage of this term varies greatly. In this work

it isAused to mean éonfihed muskeg the 1imit§ of which
are imposed.mostly by topographical>features of mineral
terrain. Thus it is differentiated from the general
term muskeg mainly in terms of aréa and also often for
more fréquent changes in cover and peat structure’than

in extensive muskeg areas. Commonly used in connection

-with ombrogenic conditions; raised bog concept.

Cover class. Non-woody, 2 to 5'ft., tall grasslike.

CHANNEL TYPE POLYGON - Cf. ice wedge polygon.

CLIMAFROST - Aivery localized frozen area mostly in peaty

soils lasting one or more summers but thawing eventually.
Sometimes included with the terms 'scattered and sporadic

permafrost’'. Occasionally confused with active layer.

CONFINED MUSKEG - Cf. muskeg.
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CONCENTRIC RAIéED BOG - Cf. raised bog.

CONTINUOUS PERMAFROST - Cf. permafrost.

COVER-CLASS - A subdivision of vegetal cover based upon
difference in properties such as woodiness, nbn—wobdi-
ness, sfature, textqre (where requiréd) and growth
habit.

COVER FORMULA - A combination of two or three class letters
‘arranged in descending order of prominence of cover
classes as estimated by an observer at ground level
(claéses with an apparent representatioh of less than
25 per cent are excluded froﬁ the formuia).

CUMULOID - A descriptive term applied'to a 5000 ft. airform
pgttern characterized as a "coarse textured e#panse with
lobed or finger like islands prominent“} components |
shaped like cumulus ciouds. . .

D - Cover class. Woody, 2 to 5 ft., tall shrub'ér very dwarfed
tree. | |

DENDRITIC DRAINAGE PATTERN - A very common drainage pattern
chafactérized by irregular branching of tributary streams
at almost any angle, although usually at less than a
right angle. Shows notable lack 6f structural control.

DEPRESSED CENTRE POLYGON - Cf. ice wedge'polygons.

'DERMATOID - A descriptive term applied to a 30,000 ft. air-
form pattern characterized as “éhiefly featureless and
plane", a‘simple covering lacking ornamentation (skin-

like in the fundamental and literal sense).
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DERANGED DRAINAGE PATTERN - A drainage pattern with com-
plete lack of-strﬁctural or bedrock control and with
such a variation between the components as to be im-
possible to describe as conventional drainage patterns.
Often too 'young' to have'developed any integration
and common in periglacial areas. Characterized by
'boggy' interstream areas.

DISCONTINUOUS PlERMAFROST - Cf. permafrost.'

DRUNKEN FOREST - A forest characterizing some areas of a
permafrost region where trees ére tilted in a hap-
hazard way due to differential slumping of the ground
resulting from local changes in.the disfribution of
permafrést.

DRUMLIN - A streamlined hi;l_of riége of glacial drift wiéh
its long axis_paralléling direction of flow of a for-
mer glacier and often with a sméll rocky depositional
core (hog's~béck).

E - Cover class. Woody, 0 to 2 ft., low shrub.

ESKER - A long harroﬁ sinuous ridge of glaciofluvial origin
deposited in a large crack or tunnel in the fofmer
‘glacier. | |

" EUTROPHIC —»Of high nutrient content. Conditions in which

| a,ce&tain kind of peat was formed referred to as eutrophic

peét. Coqdition also where muskegrvegetatibn is very

varied due to high nutrient content as.opposed to oligi-

.- trophic conditions.
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ECCENTRIC RAISED BOG - Cf. raised bog.

F - Cover class. Non-woody, 0 to 2 ft., mats, clumps or
patches sometimes touching each other.

FEN - Muskeg consisting;of organic terrain with water pré—.
viously in contact with mineral éoil. If area is large
this condition arises from £he contact with mineral
subsoil rather than ffom the waters flowing from the

.surrouﬁding mineral soil areas.

FLARKE - Cf. rimpi.

G - Cover class. Non-woody, 0 to 2 ft., growth habit singly
or loose.

H - Cover class. Non-woody, 0 to 4 in., leathery to crisp.
H-FACTOR - The effect of H cover class on aerial views and
aerial photographs of muskeg 6f giying them a light
tone due to high albedo it possesses. | |

HOCHMOOR - Cf. raised bog.

HOTSPOT - The destruction of fine image detail on a portion
of wide—angle aerial photograph. It is caused by the
absence 6f shadows and by halation near the.production
of a line from the sun througﬁ the exposure statioﬁ.

HORSETAIL DRAINACE - Noh—integfal arainage pattern common
in Marbloid muSkegAareas'giving the image of a partially
open horsetail. _

HUMMOCK - A microtopographic feature. in this-work'it is
separated from tussock having in its initial stage
commonly a mineral soil core covered with vegetal

matter. The core may remain frozen permanently in larger
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hummocks while it generally thaws in.the smaller ones

during the summer.

- I - Cover class. Non-woody, 0 to 4 in., éoft or velvety in
texture; growth habit often continuous mats, sometimes
forms mouﬁds and hummocks.

ICE WEDGE POLYGON - Patterned ground with polygonal mesh and
characterized by bordering ice wedges. The borders
‘may be depressions (channel type polygoﬁ) or.ridges
(depressed centre polygon).

INTEGRATION (of drainage pattern) - Refers to the degree of
unity exhibited by a draihage pattern.

INTRﬁSOID - A descriptive term applied to a 5000 foot air-
form pattern characterized by a coarse textured ex-
panse céused by freqﬁent interruptions of unrelafed
widely separated mostly angular 'islands'.

IRREGULAR PEAT PLATEAU - Cf, peat plateau.

KERMI - Parallel or concentric peat ridges of raised bogs.
(Finnish brigin) |

'KORPI - A treed muskeg with spruce (Picea abies) and birch

predominating. Near neutral reactioh. Various kinds of
herbs and eutrophic; mostly Hypnum and Mnium mosses
forming the bulk of vegetation; Peat depth rarely over
tﬁree feet (Finnish origin).
LAGG - Wet marginal part of muskeg and especially that of
"a raised boé or another type of confined muskegf(Swedish

origin).
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LETTO - An open muskeg characterized by general neutrality
or even alkalinity ofipeat and water and by mosses other
than Sphagna forming class I (Finnish origin).

MACRORETICULOID - Cf. Reticuloid. -

MARBLOID - A‘descriptive term applied to a 30,000 foot air-
form pattern showing<a polished marblé effecf.

MARSH - Low-lying tract of land usually covered with grass
and sedge type plants growing ofﬁen directly on mineral
soil. Due to high water table and poor drainage marshes

- often are precursors-of muékeg.

MASS WASTING - A general term for a variety of processes by
which 1arge masses of earth material are moved by
gravity either slowly or quickly from one place to
another.

MESOTROPHIC - bf medium nutrient content. A muskeg may be -
mesotrophic if it displays épecies which do not require
eutrophic conditions but which would not thrive in
oligotrophic conditions either.

MICRORETICULOID - Cf. Reticuloid.

MINEROGENIC -~ A muskeg is minerogenic if it is supplied
with nutrients received from the surrounding mineral
terrain or frém the mineral subsoil (minerotrophic).

MOUND - A'microtopographic feature of muskeg with a fairly
thick layer of peat. The shape and size may vary but |

. it is‘generally rounded on top and oftgn eloﬁgated hori-

zontally.
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MULTISPECTRAL SENSING - Isolation of electromagnetic energy
refiected from a surface in a number of given wave-
length bands and recording of each specfral band with
various devices. The result méy be displayed photogfaph;
ically orrmagnetically. | |

MUSKEG - The term designéting organic‘terréin, thg physical
conditioﬁ of which is governed by the structuré of peat
it containé and by its related mineral subléyer, con-
sidered in relation to topographic features and the
surface vegetation'with whiéh.the peat cq—exists.

Muskeg may be confined when its area is confined by
‘tbpography‘(bog).pr itlmay be unconfined when it co&ers
iarge expanses Qf terrain without strict limitations.

NEVA - An opeﬂ muskeg charactefized by general acidity of

~ peat and water and by predominahce of Sphagna forming
the class I. (Finnish origin).

OBJECT INDICATOR - Entities such'as Hummock , tussock‘and
mound~are object indicators. |

. OLIGOTROPHIC - df low nutrient content. A muskeg may be

| | oligotrpphic, for instance, when it gets all of the
required nutfients from the atmospheric water.

OMBROGENiC - A muskeg is ombrogenic when it réceives'all the

' miheral nutrient matter from the'atmospheric water;
thus it générally is alsoboligotrophic (e.g. raised bog).
OMBROTROPHIC - condition'in.which nutrients aré received

from the atmosphere.
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ORGANIC TERRAIN - A tract.of land comprising a surficial
layer of living vegetal-matter and a sub-layer of peat
or fossilized plant detritus of any depth existing in
association with variou;lhydrological conditions and
with various underlying mineral foundations.

PALUDIFICATION - 'Marshifying', 'swampifying', turning of
drier land into wet land. More exactly: the process of
formation of muskeg.

PALSA - A large peat mound with permanently frozen peat or
miﬁeral soil core. Palsas occur most cémménly in the
zone of discontinuous pexrmafrost kFinnish origin).

PEAT - A component of organic terrain consisting of more
or less frégmentary remains of plant matter segquentially
deposited and fossilized.

PEAT PLATEAU - An extensive rather homogeneous tract of

. muskeg lying slightly bigher than its immediate surround-
ings. Peat>plateau may be regular or irregulai with
sudden breaks and contortions.

PERMAFROST - A thermal condition of earth materials such as
rock, peat or other looser soils when their temperature
remains below 00C for a number of years, which may be |
as few as two, or as many as tens of thousands.. Perma-
frost may be continuous when it stretches continuously
without breaks over lérge areas or discontinuous when
it is distributed in smaller localized pockets and

then often in peaty soil only.
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PINGO - A large earth mound with frozen core and often a
thin layer of peat on the surface. Are 1arger‘than pal-
sas and may attain heights over a hundred feet.

POUNU - Almost identical to hummock with the difference .
that‘it always has a mineral soil core and forms a
-large field of these microtopographic features.
Pounikko: plural of pounu, a field of pounus (Finnish
origin). | -

POLYGOID - A descriptive term applied éo‘a 5000 foot air-
form pattern characterized by a coarSe—textured expaﬁse
cut by interseéting lines; bearing polygons (polygonoid).

PRIMARY PALUDIFICATION - Paludification of land directly
after its emergence from the seé iﬂ areas of crustal
uplift.

~RAISED BOG - A confined muskeg with ombrogenic origin.
Displays commonly a centre which/may be raised several
feet higher than the surrcunding terrain. Is oligo-
trophic and also commonly has a well defined lagg in
its periphery. Is characterized by concentric peat
ridges (kermi} and intervening hollows (concentric
raised bog). In some cases the ridges are only in half
circles and curve paralleling each other (eccentric
raised bog). German equivalent is Hochmoore.

RECTANGULAR STREAM'— A étream with nearly right-angled

curves implying control by ice wedge polygons.

f
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REGULAR PEAT PLATEAU - Cf. Peat plateau.

REMOTE SENSING - Deﬁection, recognition ox évaluation 6f ob-
jects or £efrain featureé by distant sensing or record—
ing devicés such és cameras, fadars or infrared sensors.

RETICULOID —»éAdescfiptive teﬁm applied to a 30,000 foot

| airform pattern characterized by a network effect.
ARetiéuloid may either Macroreticuloid or Microreticu-
loid”‘depenaing‘on_the scale facto;,vMacroreticuloid
is visible without wvisual aids (e.g. the Reticuloid
pattern of a raised bog) while‘Micrgfeticuldid is dis-
cerned only with the aid of stereoglasses (e.g. the
Reticuloid pattern encountéred in fené).

RIDGE - A topographic feature similar to mound, but extended,
often irregular and numerous; vegetation often coarser
on one side. - |

RIMPI - A wet hollow, eitheriwith a scarce muskeg vegetation
in it or without, between shallow ridges of initial
muskeg or those‘of an aapamoor.

RAME - A treed muskeg cﬁaracterized by acidity of peat and
wétér and by thick peat deposits, Sphagna as‘the main

component of I class and Scotch pine (Pinus silvestris)

as the main tree species (Finnish origin).

SHEET WASH - erosion through the action of rain wash on the
sides of a valley.

SIDE LOOKING RADAR (SLAR) - An airborn radar which scans

the terrain from underneath the aircraft to one side to
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tﬁe horizon.

SLOPING POND EDGE - Gently sloping pond edgevin muskeg show-
ing often the effect of the overgrowing of a pond by
muskég vegetation.

STIPPLOID - A descriptive term épplied to a 30,000 foot air-
form pattern characterized by closely applied dots.

SWAMP - Similar to marsh but usually with higher water
table and interrupted vegetal cover. Also a precursor
of paludification. '

TELMATIC PALUDIFICATION - Paludification af. least partially
above ground water table.

TERRAZOID - A descriptive term applied to a 30,000 foot
airform pattern that shows a 'patchwork' quality.

TERRESTRIAL PALUDIFIQ%TION - Paludification above ground
and flood water tables.

TOPOGENOUS - Adjective term meaning that the source of water
for.a bog is the water table in the place where it has
collected in a pre-existing depression.

TUNDRA - Tieeless.arctic expanses with widely spread thin
peat layers and arctic low vegetation (Russian origin).

UNCONFINED MUSKEG - Cf. muskeg. .

VERMICULOID ;.A descriptive term applied to a 5000 foot air-
form pattern characterized as striated, mostly coarse-
textured expanse featuring tortuous markings. Subdivided

into three configurations: Vermiculoid I, II, III.
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APPENDIX E

Data on Distribution of Ice in Relation to Cover Formulae
and Peat Formations in the Study Areas

L

NOTE: Values indicate the frequency of occurrence.

Area 1. Permafrost ubiquitous appearing four to ten
‘ inches below the surface (August).

Area 2. Analysis made at the end of August at the
: ' transition from continuous permafrost into the
discontinuous zone. The depth of peat varied, the
maximum being four feet.

Set A between Churchill and missile base east of

- Churchill
U " Ice BAbsent - Tce Present
F; flats T ... .. 10.0 00 ... 0

EFI flats . L 6. ... 2

EI mounds ) o
with some H -5 12
(high water regime). . o

Set B soﬁtheast of Churchill

"""" oo Tee Absent 0 Ice Present
FI flats with
faint reticuloid 16 4 (climafrost)
pattern A e
HE peat plateaus :
(Initial) . . . ... 2% 18
AHE peat plateaus

(near Churchill : 0 o - .12
River). o o . o

* Less than one foot of peat
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Area 3. Investigations made within the discontinuous
permafrost zone at the end of August. Depth
of peat varies up to five feet.

Set A - a traunsect of 800 meters west of the Hud-
son Bay Railway. The depth to the permafrost
varied from 30 to 35 cm on polygons and 25 to
35 cm in the “cracks" between polygons.

o E ___Ice Absent  Ice Present
HE (EH) peat plateaus 0 : . 28
with polygonal pattern . C e : .
FI, shallow drainage
channels, flats bordering 11 4*

-ponds. . .. e e e .

-~ * Very near (two feet) the edge of peat plateau

Set B, a transect of 1000 meters east of Hudson
~Bay Railway

Tce Absent ~ ~ Ice Present
HE (EH) peat plateau '
with polygonal pattern o O 12
HE peat plateau with
EFI - FI in the centers : 2% 8
of depressed centre
polygons . ... . . ... ... ... ‘
FI drainage channels and
flats. ... .. o L S5 0 0 oL 2%
DFI drainage channel . I £

* Centre of a depressed centre polygon
# At the edge of peat plateau
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Area 4. Tests made within the discontinuous permafrost
’ zone in confined muskeg at the end of August.

In 40 probings under coverage AEI, BEI, BEH,
EI and FI ice was encountered only twice in deep
(over 3 m) peat mounds with BEH coverage and
woody Sphagnum peat. Depth to ice was 60 cm.

Area 5. Area situated at the claimed southern limit of
permafrost. Muskeg coverage was FI, EI, and
- BEI. No ice was encountered at the end of
- August in eight prokings.

Area 6. Situated in the discontinuous permafrost zone.
' Study was made at the end of August. Depth of
peat varied up to seven feet. Ice was encoun-

tered 60 to 80 cm under the surface.

Ice Absent  Ice Present

AEI (a shallow depression) 4 N 0
BEH peat plateau _ 0 - _‘ 5
HE‘Qeat;plateau ‘ . 0 .»11
FI depression - 6 0

Area 7. Situated in the discontinuous permafrost zone.
Peat depth varied up to seven feet. Ice was
encountered 50 toc 60 c¢m below the surface.

-Ice Absent Ice Present

BEH peat plateau 0 6

. HE palsa o ' 0 . 2

FI depression ; 12% 0

* (unfrozen peat up to seven feet underlain by unfrozern
clay.)
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Area 8. In the discontinucus permafrcst zone, muskeg was
lacking. 1o ice was enccuntered in the mrineral
terrain which bore signs of pclygonal pattern.
Past ice activity was observed in the soil profile

) across an ancient polygonal "crack" in the dis-
turbance and bending of the hcrizons. Profile
was brown woody type.

Area 9. At the southern limit of discontinuous permafrost
zone where testing was done in muskeg with BEI
and EI coverage. Depth of peat 3 m with 0.7 m
of clay and sand bottom. No ice was encountered
in six borings.

Area 10 to 12. Non-permafrost area where predominant
coverage was FI with smaller areas of AEI, BEIL
and EI. No ice was discovered at the end of
August. Depth of peat varied up to eight feet.
Predominant peat type Carex—Sphagnum peat (24
borings).

Area 13. Situated in the non-permafrost zone with coverage
FI, AEI, AI, BEI, EI where no ice was encountered
in 20 borings at the end of August.

Area 14. Non-permafrost zone. Coverage variabkle.

Late June Early June
Ice Absent Ice Present Ice Rbsent Ice Present

AEI 8 0 : 0 0

BEI 6 0 0 0

" BEF 2 0 0 0

DFI 3 0 0 0

EI 20 0 0 12

FI 9 0 0 0

EFT 23 0 0 0

Ice in EI mounds represents climafrost ex1st1ng in
the late spring.
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Areas 15 and 16. Situated in the non-permafrost zone.
Ice was encountered in two of 50 borings in the
beginning of August. Ice was under BEH cover

60 cm from the surface and consisted of only
about 10 cm thick lenses. No ice under AEI, BEI,
BFI, DFI, DI, EFI and FI cover.

Area 17. Situated in the non-permafrost zone.

Set A. 15 miles south of St. John's. Borings made
at the beginning of June.

, " Tce Absent = Tce Présent
EI mounds with some _
H in cover. ... .~ . . . 0 . R
EFI depressions . . .- .. .8 0

Ice in the mounds was 20 to 50 cm from the surface
(climafrost) .

Set B. Colinette, Avalon Peninsula

~Ice Absent = ~ TIce Present
HE - very. low. mounds S o X 1

FI flats. . . . . . . . . . 8. ... .. .. ...0.

Ice was also encountered in three large (about
70 cm high) mounds in an experimental area that
was cleared of shrubs for cultivation. Ice in
low EH mounds was 10-20 cm from the surface,
and was about 10 cm thick lenses of climafrost.

Area 18. Situated in non-permafrost zone. Small con-
fined muskegs with FI, EI and BEI cover. In
ten probings no ice was encountered.



Area 19. Situated in non-permafrost zone. Ice in the
form of lenses about 10 to 30 cm from the
surface (climafrost). :

Ice Absent Ice Present
EH very low mounds v -2 . .15
FI flats . : . : .. 10 L 0
EI wvery low mounds . . . - .12 . . . . . 0
EFI  flats . . 6 . . . 1 o
ADDENDUM A detailed survey.of Bull ?asture Bog in

the Fredericton area of New Brunswick in June
1962, showed retention of ice beneath EI and
also where peat ridges and mounds covered by
EI with patches of H occurred. Ice was approx-—
imately 20 cm from the surface. No ice was
discovered under FI coverage. Ice disappeared
in July. : ’

Q





