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ABSTRACT

Frozen so1l creep was measured in the 1ce-raich
sol1ls which are typical of the colluvium near Rea Poaint,
Eastern Melville Island. Maximum creep rates ranged from
0.3 cm yr=* at 35 cm depth and 0.1 cm yr-* at 65 cm depth.
The typical pattern of in situ frozen soil creep consists of
a recognizable downslope component during summer and early
autumn, followed by a weaker upslope component during the
winter and early sprang.

At Rea Point, frozen soil creep 1s initiated by
gravity, thermal contraction and expansion and secondary
frost heave stresses. The rate of creep 1s affected by
ground 1ce content, ambient temperature, slope angle and
assoclated agents. While surface features such as thermal
contraction cracks, earth hummocks and mudboils 1ndicate
frost action and suggest the possibility of frozen soail
creep, downslope deformation of materials i1n the actaive
layer (by frost creep and gelifluction) generally appear
unrelated to the process of in situ frozen soil creep.

The mechanism of frozen soil creep has been used
to partially explain phenomena such as valley bulges,
cambers and gulls described i1n the Pleistocene periglacial
and stratigraphic literature. It 1s believed that the data
provided here and those of Savigny (1980) lend additional
circumstantial support to the 'bulging' and 'cambering'

mechanism.
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CHAPTER ONE

INTRODUCTION



1.1 Aims and Objectaives

Frozen soll creep 1s defined as "the slow
deformation that results from long-term application of a
stress too small to produce failure in the frozen material"
(ACGR, 1988, p. 19). This thesis attempts to understand the
nature, magnitude and controls over the in situ creep of
perennially cryotic ground (1.e. permafrost) on natural
slopes at a number of localities in the vicinity of Rea
Point (lataitude 75°22'N; longitude 105°45'W), Eastern
Melville Island, N.W.T. (Figure 1.1). For the purposes of
this thesis, the terms 'frozen soil creep' and 'permafrost
creep' are used interchangeably.

The aims of the thesis are as follows:

1) To determine the relationship between frozen
so1l (1.e. permafrost) creep and ground 1ice
content, ground thermal regime and slope
angle;

2) to determine the relationship between frozen
so1l (1.e. permafrost) creep and associated
periglacial processes (thermal contraction
cracking, frost heave, frost creep and

solifluction/gelifluction); and,
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Figure 1.1 The study area, Rea Point, Eastern Melville Island.



3) to calculate threshold values for frozen soil
(1.e. permafrost) creep, relating these to
both primary creep regulators (ground ice
content, ambient temperature, slope angle)
and primary creep activators (gravity,
thermal contraction and expansion, secondary

frost heave).

1.2 Permafrost Creep

In North America, many field studies have been
concerned with creep processes 1n both the seasonally
cryotic zone and in unfrozen soils (e.g. Williams, 1957,
1966; Harris, 1980; Mackay, 1981; Mills, 1983; Egginton and
French, 1985). However, apart from work on rock glaciers
(e.g. Barsch, 1977; Giardino et al., 1984; Haeberlai, 1985),
only a few studies consider the creep of frozen sediments
(e.g. Savigny, 1980; Savigny and Morgenstern, 1986a, b).
Equally limited in number are laboratory tests which
simulate natural frozen soil creep rather than induced
frozen soil creep. The laboratory tests, in fact, provide
most of the data used to develop theoretical models of
creep. However, 1t 1s not known how closely these data
compare with those of natural frozen soil creep (e.g. Man,
1983). Andersland and Anderson (1978) review many of the

early laboratory studies of frozen soil creep while more



recent studies are reviewed by Vyalov (1986).

Laboratory tests are often conducted at
temperatures and strain rates not usually experienced in
nature (e.g. Sego and Morgenstern, 1983). This 1is due to
the greater dependability of testing samples at -10° or
-20°C than at pressure melting point. Critical changes in
strength and ice structure occur as ground temperatures
fluctuate below pressure melting point (Aguirre-Puente and
Gruson, 1983). It is often difficult to maintain frozen
samples at temperatures varying by less than a few tenths of
a degree for the long periods of time required to simulate
creep.

Strain rates used to simulate frozen soi1l creep 1n
the laboratory are usually much greater than those measured
in the field. As such, they create, or induce, unnatural
stress. Such tests provide data demonstrating the bearing
capacity of a frozen soil, but they shed little light on the
natural process of in situ permafrost creep. While
structures may be designed to settle at acceptable, pre-
determined rates (i.e.' induced creep'), one must conclude
that the long term effects of natural frozen soil creep have
been given little consideration to date (e.g. see Zaretsky
et al., 1988).

In laboratory testing, the use of uniaxial (shear
boxes) and triaxial machines often induce shear within test

samples (e.g. Savigny and Morgenstern, 1986b). Although



this may be a component of the deformation of sediments in
the field, it i1s not, by definition, creep. Test samples
may be too small to allow the development of creep. 1In situ
permafrost creep 1s most likely the result of the dispersal
of natural stress among a number of 1ce lenses within a
large soil block rather than the concentration of stresses
within one or two lenses as occurs 1n test samples.
Laboratory tests would more closely simulate field
conditions 1f samples could be prepared as scaled down
models of a large soil block (e.g. scaled down 1ce lenses,
so1l particles, etc.). However, 1t 1s virtually impossible
to reconstitute frozen soils containing excess 1ce (at any
scale) (e.g. Weaver and Morgenstern, 1981).

Recent laboratory tests employing undisturbed
frozen samples at field temperatures are closing the gap
between laboratory test data and true creep processes.
There are problems associated with the uneven distraibution
of 1ce 1n ‘'replicate’ samples and results often vary widely
(Morgenstern, 1981, p. 320; Maksimjak et al., 1983).
However, the range of tests conducted allows further
refinement of mathematical theories (e.g. Glen's Flow Law)
for the effects of soi1l i1n i1ce (e.g. Savigny and
Morgenstern, 1986b).

In Canada, one of the first theoretical studies of
frozen soi1l creep was presented by McRoberts (1975). Based

upon i1nfinite slope analysis, subsequent studies showed that



a slope inclined at 15° and consisting of 10 m of i1ce-rich
permafrost would creep at about 10 cm yr-* (Morgenstern,
1981). Clearly this suggests that permafrost creep 1s a
major contributor to mass wasting in northern environments
and may pose considerable problems to engineering works on
ice-rich soils.

One of the few attempts to measure the in situ
creep of frozen sediments was undertaken i1n the Mackenzie
Valley (Savigny, 1980; Savigny and Morgenstern, 1986a). It
was found that the rate of creep varies according to the
scale and spacing of ground 1ice structures at depth.
Relatively uniform velocities occur over depth intervals
that are several metres thick and which are ice rich (e.g.
borehole GB1lA at depth of 24 - 29m; Savigny and Morgenstern,
1986a). A second type of deformation, similar to shearing,
occurs where large 1ce lenses are more widely spaced. All
the movements measured took place i1n unconsolidated
sediments, notably glaciolacustrine clay and silty clay.

If one excludes sedimentary sequences 1nvolving
complex Quaternary stratigraphies and/or massive bodies of
1ce occurring at depth within permafrost, ground ice volunmes
are generally highest in the top 1 - 5 m of permafrost,
being concentrated at or just below the base of the active
layer (e.g. Pollard and French, 1980; Lawson, 1983). Such a
concentration reflects the seasonal migration of water

within the frozen ground in response to a temperature



gradient (e.g. Parmuzina, 1978; Cheng, 1983; Mackay, 1983).
Accordingly, some of the highest rates of in situ frozen
so1l creep should occur within the upper 1 - 2 m of
permafrost. 1In all probability, these movements should
represent a more widespread process than the relatively
deep-seated deformation described by Savigny (1980). On the
other hand, the net downslope deformations occurring in
areas underlain by cold permafrost might reasonably be
expected to occur at much slower rates than the 0.15 - 0.30
cm yr-* reported by Savigny (Savigny and Morgenstern, 1986a,
p. 513). This reflects the fact that the creep strength of
soi1ls 1s also strongly dependent upon temperature as
stressed by Johnston (1981, p. 92). 1In a recent review,
Lewkowicz (1988) suggests that permafrost creep may be an
important denudational process 1n areas underlain by 'warm'
permafrost and calculates mass wasting attributed to thas

process as equalling 800 - 1000 cm*® cm~* yr—*.

1.3 Factors Affecting Permafrost Creep

Perennially cryotic ground 1s subject to a variety
of time-dependent stresses and strains (e.g. Vyalov, 1959,
1986; Ladanyi, 1981). Gravitational, thermal and secondary
frost heave stresses are of particular importance. These
stresses are the primary activators of 1in situ frozen soil

creep (Figure 1.2). Several factors govern or regulate
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Figure 1.2 Inter-relations between the primary regulators and
activators associated with in situ frozen soil creep.



these creep activators. The primary creep regulators are
slope angle, ground 1ce content and ambient temperature.
Secondary creep regulators, which may or may not affect
creep by influencing the primary regulators, include slope
aspect, 1nsulation (e.g. snow cover) and depth.

Figure 1.3 1llustrates how each of the primary
creep activators places a soi1l 1n a state of tension or
compression. It should be noted that the predominance of
either tension or compression on a slope 1s a function of
place (Figure 1.3a) while the predominance of either tension
or compression resulting from either thermal
contraction/expansion or frost heave stresses 1s a function
of time (Figure 1.3b, c). 1In general, frozen soils are
subject to an annual cycle of fall and winter tension
followed by spring and summer compression.

There are three primary modes of soi1l deformation;
these are termed damped (or attenuating) creep, steady-state
creep and progressive creep (Sayles, 1968). Figure 1l.4a
1llustrates a selection of isothermal creep curves. The
mode of creep i1n a frozen soil 1s governed by the magnitude
of strain hardening (strengthening) and strain softening
(weakening) processes. Examples of strain hardening include
particle rearrangement and i1ce-rock bond creation. Particle
rearrangement involves the squeezing out of pore 1ice leading
to a net increase 1n particle surface contact and thus,

internal friction. Where the volumetric 1ce content of a

10
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Figure 1.3 Examples of major stresses in frozen soils: A) Gravity
stresses; B) Thermal stresses; C) Secondary frost heave
stresses (after Haeber1i, 1985; Mackay, 1974, 1981).
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Figure 1.4 Typical creep performance of frozen soils: A) Isothermal
conditions and creep curves, after Sayles (1968); B) Graph
showing peak strength versus ice content. 1In B), the
greater the peak strength, the greater the resistance to
creep (after Shusherina and Bobkov, 1969).
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so1l 1s reduced in this manner, 1i1ce-rock bonds are created
(1ce lenses or 1ce-ice bonds are reduced). Examples of
strain softening include i1ce crystal reorientation, 1ce-ice
bond creation and micro-crack development. Ice may adapt to
directional stress by crystal reorientation (c-axis parallel
to stress direction) or crystal size reduction (an increase
in 1ce-ice bonds). Alternatively, a cryogenic soil may
develop micro-cracks 1in response to creep stress. The
micro-cracks reduce the ability of the soil to withstand
subsequent creep or shear stress.

The response to stress by strain hardening or
strain softening 1s governed by cryostructure and internal
bonding. A frozen soil may have either an orderly structure
(e.g. the result of aligned platey soil grains), a random
structure or a composite structure (e.g. one showing traits
of both orderly and random structure such as a random mix of
so1l grains trapped between regular horizontal i1ce lenses).
Ultimately, the cryostructure depends upon the geology, 1ice
content and cryogenic history of the soil (see ACGR, 1988,
p. 24).

Internal bonds may vary from weak to strong.

Bonds between dry soi1l particles or those bounded by water
are generally weak. The bonds are easily broken and easily
re-formed (e.g. Vyalov, 1986). While 1ce-rock bonds are

generally stronger than 1ce-ice bonds, these too are highly

variable. Ultimately, the internal bonding depends upon the



ice content and temperature of the soil.

If the strengthening processes (strain hardening)
exceed the weakening processes (strain softening), soil
creep is damped (see Figure 1l.4a). However, if the
weakening processes exceed the strengthening processes,
steady state or progressive creep develops. The possibility
of the latter hinges upon soil creep strength (¢). The
latter is defined as the largest stress that can be imposed
without sustained deformation of the soil. When a stress is
imposed which exceeds the creep strength of a frozen soil,
viscoplastic creep results leading to progressive flow and
shear or tensile failure (Vyalov, 1986; Chamberlain et al.,
1972; sayles, 1985). An example of shear failure is
provided by multiple retrogressive thaw slides. 1In
summary therefore, the creep rate of a frozen soil is
highly variable since it is significantly influenced by
a) ground ice distribution, b) ground thermal regime,

and c) slope angle.

1.3.1 Ground ice content
Ice content plays a major role in regulating the
creep deformation of cryogenic soils (e.g. Shusherina and
Bobkov, 1969; Figure 1.4b). When a cryotic soil is totally
devoid of ice, for example, it reacts to stresses in exactly

the same manner as an unfrozen material. The shear strength

14
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of this material may be determined with reasonable accuracy

by means of the linear Mohr-Coulomb equation,

S =c+ o7, tang (1.1)

where ¢ 1s cohesion, 7, 1s normal load and ¢ 1s the angle of
internal fraiction. This equation, however, cannot be used
to describe 1ce-rich soils as creep deformation affects the
linearaity of the relationship (Ladanyi, 1972).

The introduction of a small quantity of i1ce to a
granular soi1l results i1n a substantial increase in so1il
strength (see Figure 1.4b). The strength increase 1s
derived from the cohesive forces of pore i1ce. 1Initaially,
strength i1ncreases only at points of contact between so1il
particles or where individual 1ce crystals dominate. 1In
soi1ls of very low 1ce content, failure planes may form in
areas lacking i1ce. As the pore 1ce 1increases (Figure 1.4b),
particles progressively further from contact are cemented
together. 1In conjunction with the increased area of ice-
rock bonds, the angles of internal friction and effectaive
normal stress 1ncrease when dilation of soil particles
during shear 1s restricted by 1ce. This adds to soil shear
strength.

In Figure 1.4b, 'I' represents a zone of increased
cohesion (c), increased internal fraction (#) and increased

effective normal stresses (22 ). As the soil approaches
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saturation (II), small changes 1n 1ce content do not create
dramatic changes in c, ¢ and o and the frozen so1l
reaches a point of maximum resistance to stress.

When excess 1ce 1s present, creep strength is
reduced (III; Figure 1.4b). 1Initially, just a few particles
are pushed out of contact reducing internal fractaion.
However, since the major effect of cohesion 1s a function of
1ce-rock bonds and not of the ice itself (Babcock et al.,
1978), an increase 1n 1ce content by volume causes a direct
decrease 1n the area of ice-rock bonds (provided all other
factors remain equal). It follows that frozen soil creep 1s
more likely to occur as the internal friction and ice-rock
bonds withih a soi1l are reduced (1.e. as 1ce content
increases). When excess 1ce volumes are sufficient to cause
complete separation of soil particles, as when 1ce lenses
dominate the soi1l, a critical excess 1ce content 1s achieved
or exceeded (IV). This craitical excess 1ce content 1is
defined as the volumetric 1ce content at which the strength
of a so1l becomes dependent upon the strength of i1ce rather
than rock (Goughnour and Andersland, 1968). Beyond zone 1V,
the so1l 1s almost totally dependent upon the strength of
the 1ce matrix for 1its own strength. At very high 1ice
contents, soi1l particles have a minimal effect upon the
creep strength of the frozen material. At this stage, so1il
creep strength 1s primarily a function of 1ce-ice bonds and

the internal strength of ice crystals (Vyalov, 1969).
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Ice-rich soi1ls are prone to similar processes to
those which affect the creep of polycrystalline granular ice
(Andersland et al., 1978). Such 1ce, with random crystal
orientation, occurs 1n most frozen soils (Andersland and
Alwalhab, 1983). The Mohr-Coulomb equation 1s then
supplanted by a parabolic equation (Ladanya, 1972) which,

for coarse granular soils, may be represented as follows:

7 = (cdy+ b e-s (1.2)

where VB 1s the cohesive force at zero normal stress
(/») and ¢ 1s a function of internal friction (Nickling and
Bennett, 1984). Coefficients ¢ and b both decrease

exponentially as a function of increasing i1ce content.

1.3.2 Ground thermal regime

Ambient so1l temperature plays a strong role 1in
regulating frozen soil creep. It 1s well known, from both
laboratory and field observations, that not all soil water
freezes as ground temperatures drop below 0°C (e.g. Anayanm,
1978; Williams, 1982; Anderson et al., 1984; Smith, 1985a).
For example, Figure 1.5a 1llustrates the changes 1in water
content with temperature which occurs when soils of varying
grain size are subject to cryotic conditions 1n a laboratory
setting. Such data demonstrate that, in fine-grained soils,

adsorbed water may remain in dynamic equilibrium with ice
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crystals at temperatures well below the i1ce nucleation
point. The same 1s true for that water which 1s held in
capillaries. Field observations from a range of permafrost
environments provide convincing evidence that significant
changes 1n 1ce (water) content occur in freezing and frozen
soi1ls (Figure 1.5b). This 1s discussed i1n more detail in
Section 1.4.

Adsorbed water may film soi1l particles down to
temperatures of at least -190°C (Haynes, 1978). 1In nature,
however, the unfrozen water content probably only affects
the creep of fine soils at temperatures above -10°C and
becomes progressively more important as temperatures
approach 0°C (Vyalov, 1969). The relationship between water
content and temperature 1s a function of several factors.
These i1include 1) specific surface area of soil particles or
particle shape, 2) grain size and grain size daistraibutaion,
3) mineral type, 4) 1ce and water pore pressures, 5) solute
concentration and 6) void ratio (Konrad and Morgenstern,
1983; Akila, 1970).

Johnston et al. (1981) suggest that unfrozen water
reduces particle contact within soil thereby reducing
strength. For example, Tsytovich (1975) notes that the
compressive strength of a medium sand decreases by 15% as
the temperature increases from -2.0 to -1.0°C. Under
similar conditions, he suggests that the compressive

strength of clay decreases by 50%. It follows therefore
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that, as the creep strength of material decreases, the creep
rate 1ncreases, because the unfrozen water weakens ice-
cement bonds and changes 1ce from a brittle to a plastac

solid (Hobbs, 1974).

1.3.3 Slope angle
The 1mportance of slope angle as a regulator of
frozen soi1l creep has been the subject of some debate (e.g.
Finlayson, 1981, pp. 45, 46), although 1t 1s generally
agreed that there 1s some relationship between slope angle
and the rate of downslope soi1il movement. The general
equation for shear stresses (/) 1n a slope may be

approximated as follows:

7 =)z sinecose (1.3)

where / 1s the bulk unit weight of the soi1l, z 1s the depth
to the potential failure plane, © 1s the angle of the slope.
The equation demonstrates that increasing slope angles cause
increasing shear stress. However, as 1ce will deform under
1ts own weight, the force of gravity should be sufficient to
initiate the creep of 1ce on a slope of any angle. Ice-rich
sol1ls differ from pure polycrystalline i1ce 1n that they
require stress of a particular magnitude (yield stress) to
begin non-recoverable deformation. McRoberts (1975)

suggests that stress levels on natural slopes vary from



0.003 to 6.0 kgf cm~2 as a function of slope angle. The
greater the slope angle, the more likely the yield stress

will be attained.

1.3.4 Cryostructure

In frozen as opposed to unfrozen soils, the soil
cryostructure must also be considered. Cryostructure refers
to the structural characteraistics of frozen, fine-grained
earth materials (ACGR, 1988, p. 24). It 1s defined by the
volume and distribution of pore i1ce and lenses of segregated
1ce.

The type and arrangement of 1i1ce in the frozen
material will depend largely upon the i1nitial water content
of the material and the extent of moisture migration during
subsequent freezing. The Soviet literature recognizes a
range of cryostructures, the more important being massive,
layered and reticulate (e.g. Kudryavtsev, 1978; see Harry,
1986). Typically, a massive structure 1s dominated by pore
1ce and a relatively low total 1ce content. As such, 1t 1s
not highly susceptible to frozen soil creep, other things
being equal. 1In soils with a reticulate structure, 1ice
lenses typically form a random net; as such, the
cryostructure 1is an essentially passive component of the
creep process. By contrast, i1n soils with a layered
cryostructure, where i1ce lenses occur 1in horizontal layers,

the cryostructure may accentuate frozen soil creep.
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Cryostructure also affects soil creep strength.
The combination of polycrystalline ice and mineral soil
produces a unique material possessing characteristics unlike
those of its two components. Clearly, if shear stresses are
applied in a direction perpendicular to ice lenses in a
soil, the soil provides a greater resistance than if the
stresses are parallel to the lenses. Thus, Andersland et.
al. (1978) suggest that cryostructure affects creep strength
by providing potential planes of weakness.

Ice type and crystal size alone may affect the
nature of frozen soil creep. Creep strength is more than 20
times greater when stresses are applied perpendicular rather
than parallel to the basal plane of an ice crystal (Gold,
1973). 1In polycrystalline ice, random crystal orientation
means that only some of the crystals are aligned such that
their basal planes are parallel or nearly parallel to the
direction of stress. Shear stresses cause these ice
crystals to either shear parallel to their basal plane or be
destroyed. New crystals then form which are generally
smaller, possessing a preferred orientation which allows
dissipation of planar creep stresses (e.g. Gold, 1973).

Polycrystalline ice may consist of ice crystals in
a wide range of sizes. Ice crystals 1.0 mm in diameter
provide the greatest resistance to creep. Baker (1978)
suggests that doubling, or halving, average crystal size

from that of 1.0 mm increases the secondary creep rate by a
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factor of four or five. Although the magnitude of this rate
change is not universally accepted (Duval and Le Gac, 1980),
it 1s believed that larger ice crystals creep by means of
internal dislocations (glide planes) whereas smaller

crystals deform in response to granular adjustment.

1.4 Factors Initiating Permafrost Creep

The primary creep activators are gravity, thermal
contraction and expansion and secondary frost heave (Figure
1.2). Gravity stresses occur on all slopes in all
environments. Solifluction and frost creep are well known
geomorphic processes dependent upon gravity stress (e.g.
Harris, 1981). Shear failure on a slope through frozen
sediments occurs when gravity stress exceeds the creep
strength and shear strength of adjacent sediments.

Thermal contraction and expansion occurs in all
soils undergoing temperature change. Where the temperature
drop is fast, soil contraction may exceed the tensile
strength of frozen soil leading to progressive creep and
brittle failure (Lachenbruch, 1962; 1963). This process
creates thermal contraction cracks, one of the most
distinctive features of the arctic landscape. Where the
temperature drorp 1s slower, however, soils may creep to
accommodate contraction and renain intact. Both gravity and

thermal stresses create "horizontal"” creep deformation.



This contrasts with the process of frost heave which creates
natural vertical frozen soil creep within sediments.

Secondary frost heave has only been measured over
the past ten years. As soils begin to freeze, water
migrates 1n response to thermally-induced gradients (Smith,
1985a, b). The migration 1s from zones of high potentaial
energy to zones of low potential energy, that 1s, to the
freezing front (Williams, 1982; Cheng and Chamberlaain,
1988). The process 1s particularly effective in fine-
grained sediments. If the volume of 1ce exceeds the volune
of voids for the porosity of the soil, frost heave occurs
leading to the formation of distinctive bands of 1ce or ice
lenses.

Secondary frost heave occurs not only within
seasonally cryotaic ground but also within perennially
cryotic ground, as demonstrated by Mackay et al. (1979) and
Smith (1985b). Telescoping heavemeters are commonly used to
monitor the frost heave process. In an early field study
near Inuvik, N.W.T. a four-tube system was used (Mackay et
al., 1979). The greatest positive heave, measured during
the fall, was due to 1ce lensing at the top and bottom of
the active layer- A negative heave, measured during the
fall, was due to 1ce lensing at the top and bottom of the
active layer. A negative heave, measured during January and
February, was thought to be due to desiccation of the

central part of the seasonally cryotic zone. It was also
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found that frost heave decreased with depth. Results showed
that 10 to 20 mm of surface heave was typical for soils in
the region. 1In a subsequent study involving silty clay
hummocks, Smith (1985b) employed a six-tube heavemeter. Tt
was found that frost heave processes were 1nitiated at the
surface and then occurred progressively later wath
increasing depth. Probably the most important result was
the confirmation of secondary frost heave; 1.e. that
significant soil water redistribution and frost heave occurs
within frozen soil. Near-surface frost heave tubes showed
an active positive heave (approximately 3 - 5 mm/day)

several days after the freezing front had passed by them.

1.5 Summary

It follows that there are several key variables
involved in any field study of permafrost creep. Saince
temperature and i1ce content are the most basic, these
parameters are examined separately in Chapters 4 and 5. The
field results from the Rea Point vicinity are presented 1in
Chapter 6. The i1nstrumentation and experimental design for
the measurement of permafrost creep are outlined 1in Chapter
3. Background information concerning the Rea Point area,
and 1ts representativeness for such a study, are the subject

of Chapter 2.



CHAPTER TWO

THE REA POINT AREA AND STUDY SITES



2.1 Introduction

The choice of a study area in remote arctic
regions 1s often limited duezlo:loglstlcal problems. The
Panarctic Oi1ls Ltd. base camp facility at Rea Point, Eastern
Melville Island was chosen for this study (see Figure 1.1).
This locality provided:

1) Access to a wide variety of slopes and soils
thought typical of the weathered bedrock
which commonly occurs in the high arctic;

2) access to boring, trenching and other
equipment as well as laboratory and workshop
space; and

3) the option of monitoring the instrumented

sites regularly throughout the year.

2.2 Climate

A continuous record of local climatological data
was maintained at Rea Poaint from 1969 to 1985.
Representative climatic statistics are given in Table 2.1.

The climate 1s reasonably typical of many Canadian High
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Table 2.1

Climatic Statistics for Rea Point,

Melville Island

) F M A M J J A S 0 N D Annhual
Mean Daily
Temperature (°C) -33.4 -34.9 -32.2 -23.6 -11.1 -0.2 +4.1 +1.6 -5.8 -17.0 -26.1 -31.0 -17.5
Mean Daily Maximum (°C) -29.8 -30.8 -28.8 -19.5 -7.8 + 2.0 + 7.4 + 4.1 - 3.6 -13.2 -22.3 -26.8 -14.1
Mean Daily Minimum (°C) -37.2 -38.2 -35.7 -27.7 -14.4 -2.6 + 1.5 -0.5 -8.1 -20.0 -29.4 -34.3 -20.6
Extreme Maximum (°C) -1.1 -12.0 -14.5 - 3.3 + 3.3 +18.3 +16.7 +15.6 + 8.0 + 1.0 -1.7 -13.3
Extreme Minimum (©C) -52.2 -49.0 -48.4 -40.6 -28.9 -16.1 - 5.6 - 7.2 -23.5 -32.2 ~-43.3 -46.7
Mean Rainfall (mm) 0 0 0 0 0 3.0 10.6 29.4 1.7 0 0 0 44.7
Mean Snowfall (cm) 1.2 0.3 1.4 1.1 3.4 1.0 1.4 1.7 5.5 7.8 2.0 2.0 28.6
Total Precipitation (mm) 1.4 0.3 1.6 1.1 3.6 4.0 9.1 20.4 6.8 8.4 2.2 2.1 61.0
Mean Windspeed (km/hr) 20.8 20,5 21.5 16.8 19.6 20.2 21.1 21.7  22.4 22.0 20.8 20.9 20.7
Prevailing Direction NW NW NW NW N N S N NW WNW NW NW NW
Average Frost Free Period 14 days
Maximum Frost Free Period 41 days Heating Degree Days (<18<C) 12919.0
Minimum Frost Free Period 0 days Growing Degree Days (>5°C) 21.4
Average Last Spring Frost July /7 Thawing Degree Days (> O°C) 222.3
Average First Fall Frost July 22

Source: Atmospheric Environmental Services, Canada

8¢
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Arctic environments; Figure 2.1 compares data from Rea Point
with those from Resolute Bay. It can be seen that there 1is
a broad similaraity in conditions between the two sites, 1n
spite of a distance of 300 km.

In general, the climate at Rea Point 1is
characterized by long, dry, cold winters and short,
moderately dry, cool summers. The mean annual temperature
1s -17.5°C. Extreme maximum temperatures range from -12.0
and -14.5°C 1n February and March to +18.3 and +16.7°C in
June and July. Extreme minimum temperatures range from
-52.2 and -49.0°C 1in January and February to -5.6 and -7.2°C
in July and August. The average frost free period 1is only
14 days with the last spring frost occurring on July 7 and
the first fall frost on July 22.

Although total annual precipitation averages just
61 mm, occasional single day rainfall accumulalions of
between 10 and 30 mm may occur. Also, up to 17.8 cm of
snowfall has been recorded over a 24 hour period.
Precipitation 1s greatest in August, September and October
when open water 1s most abundant. Much of thais
precipitation falls as snow. The accumulation of snow at a
single point 1s strongly influenced by the relataively
constant winds. Mean wind speed ranges between 16.8 km/hr
in Aprail and 22.4 km/hr i1n September. The prevailing
northwest winds at Rea Point promote greater snowfall (to

accumulate) on east and south-facing slopes.
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2.3 Geology

The terrain in the vicinity of Rea Point consaists
of flat to gently sloping surfaces which rise to form low-
altitude ridges or hills. The highest elevations in the
area are approximately 100 m a.s.l. The ridges trend in an
east-west direction reflecting the bedrock geology which
consists of well-folded Paleozoic (Upper Devonian) clastaic
rocks of the Melville Island group. A geological cross-
section extending N - S across Eastern Melville Island 1is
presented 1in Figure 2.2. The structural control of
topography 1s well 1llustrated by the accordance of drainage
and the formation of major valleys along anticlinal axes,
especially where the relatively less resistant Hecla Bay
Formation 1s exposed.

The bedrock geology of Eastern Melville Island can
easily be i1dentified upon air photographs. Figure 2.3 shows
the area in the i1mmediate vicinity of Rea Point with the
major geological boundaries indicated. Since frozen soil
creep will be influenced, to varying degrees, by the
underlying bedrock and its composition (1.e. weathering
characteristics and products, ground ice contents, etc.),
the(pature of the main bedrock units i1n the Rea Point area
neeé;detalled considerataion.

Three Late Devonian formations outcrop within 2 km

of Rea Point: 1) Weatherall, 2) Hecla Bay and, 3) Graiper
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Bay Formations (see Figure 2.3). Field studies were
restricted to sites underlain by the Weatherall and Hecla
Bay Formations.

The Weatherall Formation consists of repetitive,
thin beds of siltstone and fine-grained sandstone with shale
and coal seams. The upper part of the formation, seen just
west of Rea Point, is composed of very fine to fine-grained
light gray to gray sandstone. Embry and Klovan (1976)
suggest that the sandstone, with its associated sedimentary
structures (ripple cross-stratification, horizontal bedding
and low angle cross-bedding), likely reflects deposition as
distributary mouth bar and beach deposits. The topography
is gently rolling with fluvial dissection creating low
relief (Figures 2.4a, b).

The Hecla Bay Formation is composed primarily of
white to orange fine to medium-grained well-sorted quartz
sandstone. Siltstone, shale and very fine-grained
argillaceous sandstone units are occasionally found within
this formation (Embry and Klovan, 1976). The Hecla Bay
sandstones are very resistant where authigenic cements
(kaolinite) average or exceed about 10% of the composition.
Ridges and fields of felsenmeer (with blocks averaging 1 m
in diameter) are typical products of the weathering of
resistant units. In the Rea Point area, the Hecla Bay
sandstones are unconsolidated resulting in the development

of valleys, 'badland' topography (Tozer and Thorsteinsson,



Figure 2.3

Air photograph of the Rea Point area (NAPL #Al6763-76).
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ILLUSTRATIONS EN COULEURS DE CETTE
THESE NE PEUVENT DONNER OQUE DES
TEINTES DE GRIS.



Figure 2.4
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Typical terrain-geology relationships developed upon
Weatherall Formation siltstone and sandstone: A) Gently
sloping uplands, approximately 1.5 km west of Rea Point,
showing sparse tundra vegetation and instrumentation (Site
W-1). Photo: H. M. French. B) Non-sorted stripes are
typical of sloping terrain underlain by Weatherall
Formation.



1964) and valley-side hoodoos (Figure 2.5a, b). These
sandstones typically contain less than 2% kaolinite.

Brief mention should also be made of the youngest
Devonian Formation within the Rea Point area, the Griper Bay
Formation, and the Cenozoic sediments. The Graiper Bay
Formation consists of resistant, repetitive fine to medium-
grained sandstone and recessive units of green fine-grained
sandstone, siltstone and shale. While commonly forming
lowland terrain elsewhere on Melville Island (Tozer and
Thorsteinsson, 1964), the Griper Bay Formation forms uplands
in the Rea Point area.

Cenozoic-age sediments consist of Quaternary
deltaic and alluvial fine sand. They are mainly deraived
from Hecla Bay Formation sandstone following Holocene sea
level regression. These sediments now form extensive flat
and often poorly vegetated surfaces. The Rea Point facilaity
and airstrip are located at one such surface

(Figure 2.6a, b).

2.4 Glacial History

Many geomorphologists with experience in the high
arctic agree that dastinctive glacial landforms are rare
north of Victoria Island. On Eastern Melville Island, there
1s only limited evidence of glaciation. Extensive and thick

t1l1]1 sheets are generally restricted to the south coast of
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Figure 2.5

Typical terrain-geology relationships developed upon Hecla
Bay Formation sandstone: A) Both resistant and unresistant
beds are present within the Hecla Bay Formation. The
resistant beds commonly form tors while streams excavate
valleys along weaker beds. Photo: H. M. French. B)
Striking mushroom-shaped tors can occur in the valley side
or valley bottom locations, as here, approximately 4.0 km
west-southwest of Rea Point. Photo: H. M. French.



