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Various physical and climatological parameters were investigated on three
turf-banked solifluction lobes 13 km east of Macmillan Pass, NWT.
Sedimentological and strlﬁgnphic characteristics were examined on three lobes at
1650 £ 20m asl. Sedime | analyses of lobe material were compared to
Mdm&crﬂﬁm:mﬁdmehawdmmmi(ﬂmdmehbema Lobe
sites and parent slope materials were compositionally similar, however, reworking
by periglacial processes produced different stratigraphic sequences in the lobes.
The White River tephra deposit, radiocarbon dated at 1250 BP (Lerbekmo ef al
lm)mhﬁdm&h&snndmldmmmnr Sediment
reworking was confirmed by analyses of macrofabric in the horizons above the
tephra. Bﬁdﬂh:mlylu.mhhmdgmdmbeinmh The other

East-facing sites experienced more extreme temperature swings than those
on north-facing slopes. Parent slopes responded more quickly to changing
stmospberic conditions than did the solifluction lobe material. The lower slope
pﬂmmﬂunﬁcmmmmﬁmmmwuﬂmu
the lobes have established a positive feedback perpetuating lobe developm
Mmmﬁem Qpetidwemm&vempﬁﬂndﬂ
conditions during the Holocene and have been active at some time between 1250
BP and present. An experimental remote sensing technique utilizing ultra sonic
depth semsors 10 record changes at the lobe front was evaluated. Systematic and
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GENERAL INTRODUCTION

BACKGROUND

Purpose

Gamper 1981; Eggington and Freach 1985; Smith 1985; and Price 1991).

Arctic (Dyke 1981; Mackay 1981; Friead 1988), Quebec (Moria and Payette 1988)
1970, 1971, 1991), and Alaska (Reanier and Ugolini 1983). The pusrpose of this
thesis was to document the character of solifluction in the Selwyn Mountains,
Various physical characteristics of the sediment were analyzed t0 aid

method has received little attention with regard 10 periglacial sediments. Whils




studies have tried to determine past processes (eg. Harris 1972). In this chapter,
genesis of the turf-banked forms under study.

Chapter 3 compares the microclimate of three study lobes and a control
site to provide a microclimatic record of present site conditions. Subsurface
temperatures of the parent slope and lobes were investigated. Previously used
methods to measure movement i.c. stone markers, foil pillars, dowel pillars and
Cox 1978; Smith 1993). In an effort 10 reduce error, a new remote sensing
distance sensor was employed to monitor the movements at the front of the lobes.
An evaluation of the experimental non-invasive technique is included. Initially,
correlation between movement and microclimate was to be examined, however,
problems with the movement data set prevented this.

Together, the two chapters provide physical and climatic evidencs t0
measurements and physical characteristics of the sediment presently at the site
provided evidence of processes presently at work. The aim was 10 compare
contemporary processes 10 those active ia the past as manifested in the clast
macrofabric.



Terminology

the thesis are those proposed by Washburn (1967) and subsequently adopted by

Harris (1981) and Smith (1985, 1987a,b,c, 1992). Because the study area is

difficult to determine. In addition, it has been hypothesized that the presence of

permafrost and non-permafrost sites (Harris 1981). Therefore, soliffuction is used

in its broadest sense, that is, as it was originally defined by Andersson (1906)
with water ..., I propose 10 same solifiaction”

permanent) is required for certain mechanisms 10 work. A complex interaction
Frost creep was first described by Washbura (1967) as
the hoving being predominently sormal to the slops and the settfiag more aeerly
vertical.




reduction of shear strength and failure results. Plug-like flow (Mackay 1961) is

STUDY SITE

Background
Territories (63°14'N ; 130° 02’'W) 4 km south of the Canol Road (Figure 1.1).
abandoned meteorological station (1974-1962).

Three turf-banked solifluction lobes and one control site at 1650 £ 20m
gravels with little matrix. It was similar in morphology and siss t0 the study lobes
and thus, it was bypothesized that it would be subjected 10 a similar micro-
eavironment. Climatic variations were thought t0 be minimal because the control
was located within the same altitudinal belt and withia close proximity o0 the




Pass, Northwest Territories. {pindicates site of study lobes.




tephra deposits (Lerbekmo pers. comm. 1993). This event has beea C dated
deposit. The eruption has boea determined 10 occur betweea 1175 and 1390 BP
with a mean of 1250 BP (Lerbekmo et al 1975). Stratigraphic location of the
surficial tephra horizon as well as a tephra deposit at depth on the lobes confirms

t-facing lobes, a north-facing lobe and a north facing control site
were studied. Different orientations were chosen 10 determing if there were any
Hasris 1981). The lobes were idestified as East I (EI) and East I (EII) (east-




in size and shape to EI (Figure 1.4 ac). A gully collected water immedistely
lobe. Water continued to flow throughout the 1992 summer season. An
ephemeral stream was present at the East | lobe up 10 15 June but had dried up

Vegetation
Vegetation in the study area varied from lichen-heath 0 forb-meadow
Graminioids, Carex spp., Eriophorum spp., Geum spp. were preseat. Vegstation of

the control and East | teaded 10 include more woody plant types composing a




Figere 1.2 Relative location of the study lobes and the control site located 1650 +
20m as.l. Dashed line indicates location of ephemeral stream.



a) Solifluction Lobe Terminology
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Figare 1.3 Different morphological compenents of solifiuction lobes. Reproduced
with permission from D. Smith (1985).



Table 1.1 Morphometric parameters of study lobes and control site.



Figure 14 Individual topographical form of: a control site b North Il ¢ Bast | ¢
East I1. Contour interval Sm. 4 = microc' Jste station ¢ = location of UDG

x = subsurface temperature points. Maps were produced with & plans table.



to the areas of snow accumulation. Areas of late-lying snowpack bad higher
biomass than those that were exposed to the elements.

The area is classified as a subarctic alpine area (Kershaw 1976). Climatic
data were collected by AMAX with the assistance of Atmospberic and
Environment Services Canada from October 1974 to August 1982. Mean annual

res were above freezing from late May to
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CHAPTER TWO
STRATIGRAPHY AND SEDIMENTOLOGY
OF TURF-BANKED SOLIFLUCTION LOBES

INTRODUCTION

Three dimensional analyses of macrostructure in various glacigenic
depositional eavironments have been used to infer palacoflow direction and
possible depositional processes involved (eg. Mark 1973; Mills 1977; Dowdeswell
and Sharp 1966). Comparable systematic analyses have not been used %0
document the character of soliflucted material. While many studies have
determined past rates of movement and present processes (eg. Alexander and
Price 1980; Caine 1981; Smith 1985; Price 1991; Matsuoka and Moriwaki 1992),
little has been done to determine processes that have contributed t0 the present
solifluction lobe morphology. Analysis of solifluction micro- and macro-fabrics
has usually beea limited (0 orientation data only (Harris and Ellis 1980; Harris
1981) or alternatively, dip data have been analyzed separately (Benedict 1970,
1976). With a combined analysis of orientation and dip measurements, probeble
genesis of solifluction lobes can be inferred.

Using the terminology of Smith (198S), solifluction is the combined result
of frost creep and gelifiuction (flow). Mackay (1981) considers ‘plug-like flow’ a
third process operating on perigiacial slopes. The different solifluction processes
should produce ideatifisble fabrics because the processes cause recrisntation ia
one distinctive direction. Frost heave mechanisms cause the reorientation of

16



clasts perpendicular to the freezing front. As the freezing front progresses down

pressure near areas of freezing causes moisture 1o be drawn 10 the base of the
thawing ice at the base of the stone and the stone will maintain its frost-heaved

moisture contents are sufficient 10 allow the soil 10 deform plastically (Washbura
1967). Ellipsoidal objects will be rotated at different rates as the object is
transported in a viscous fluid. ‘The rotation rate is lowest when the object is
oriented paraliel to the shear plane (Glen of al 1957). Therefore, it is most likely
to find the long axis of a clast parallel 10 the shear plane. Shear stress imparted
oa the matrix during gelifiuction would result ia orientation of the loag axis
paraliel 10 the local slope.

depth. Profiles of movement rangs from concave downslops 0 convex downslope
(Washbura 1967; Beaedict 1970; Harris 1972; Smith 198S; Price 1991).



Segregation joe and the thickness of vegetation have boea identified as the two
factors which control profile form (Price 1991). Maximum shearing is likely 10

For comparative purposes, fabric analysis was restricted to the top 20cm of

have a great effect on reorientation in regard 1o gelifiuction. Analysis was
surrounded by similer matrix (less than 2.00mm) material, and 2) reorientation by
frost creep would be concentrated in the uppermost layers of the soil columa.
Washburn (1967) found that frost creep accounted for 75% of lobe develpment in
Greealand. Therefore, it was important (0 document this evidence in the
horizon would eatrain water which had kikely migrated 10 the freezing front the
previous fall. Hence, segregated ice development and subsequent thaw would be
of the clasts at & shear sone would be an indicstion of plug-like flow (Nelson
1985).

gelifluction and slip oocur provide key information 10 determine which process is
likely 10 prevail. Differences in the fabric reflect small variations in texture sad




wers dug along the long axis of the lobe 10 expose the internal stratigraphy.
Stratigraphic logs were made of the exposed soil borizons and the tephra
horizon was traced throughout the length of the lobes. This ash, radiocarboa
dated at 1250 BP (Lerbekmo ef al 1975), provides a chronological marker.
Presence of buried ash - representing a former land surface - divides the facies

Increased organic content at depth indicated incorporation of organic

important limiting factor for soliffuction t0 occur (Washbura 1967; Benedict
90 determine if there were any significant moisture differeaces among the three

Gelifiuction is strongly influenced by grain-size (Washbura 1967). It was
therefore necessary 10 determine the particle size of the matrix which was defined
surface aress for a givea volume allowing large quantities of water 10 be



Proportions of various sized particles are related 1o the plasticity inder
which determines bow a soil will behave under certain moisture conditions. The
Above the liquid limit, soil moves like a viscous liquid. The plastic limit is the
longer bebaves as a plastic material. The plasticity index is the difference between
moisture contents at which s0il can deform plastically. Gelifluction can occur at

moisture has beea documented 10 cause increased rates of movement (Jaha 1967;
Gamper 1981). Moisture availability during the autuma has beea cited as the
1970). However, which process is contributing 10 the increased movement

ocumented at some sites compared 10 other similar sites (pelifiuction or frost-




geomorphological characteristics of the site and relates these characteristics 0 the
macrostructure of the three solifluction lobes.

METHODS
Field Methods

Trenches approximately 1.5m in length, 0.75m in width and deep enough to
expose all s0il horizons were dug approximately 3m east of the long axis on North

11 and 3m south of the long axis on the east-facing lobes. Trenches were dug
ou the prolobe area, one was dug into the riser and at least one was dug into the
tread. Depending on the morphology of the lobe, additional trenches spaced
were collected for laboratory analyses from all horizons in each pit in the period
S-7 August 1992 for laboratory. Clast density was estimated volumetrically using
criteria outlined by Day (1983:72).

Treaches located oa the riser, midiread and tread were chosea systematically to
consisted of SO pebbles located withia the asar-surface layer (0-20cm) of each
trench. Clasts with an s-axis between 2 and 30cm with an a:b axis ratio of 2 or



greater were used. Asimuth (A) of the long axis and dip (D) of each clast were
recorded with a Brunton compass. Sources of error associated with Bruntoa
axis of stones. Therefore, care must be taken when interpreting the data.

were air dried %0 determine molsture content using & dry weight basis. Organic
content was estimated by loss on ignition at SS0°C for four bours (McKeague
with a Sedigraph 5100. Liquid and plastic kaits were determined using the
<425um fraction according t0 standard procedures (American Society for Testing

characteristics of the sediments 10 determine if any significant diff




differently. Significant differences between soil borizons indicate a horizon upoa

(193S) frost susceptible range, relative frost susceptibility was estimated 0 gaia an
proportional 0 frost susceptibility. Therefore, analysis of variance was done on
the sand-sise fraction 10 determine if there were any significant differences in

analysis of variance was done on the organic matter content 10 determine
Fabric data were analysed using the eigeavalue method accordiag o
procedures outlined by Nelsoa (1985). This method is advantageous because it is
jonal and accounts for both orieatation and dip instead of tresting




the two measurcments separately. The analysis provides information about any
preferred orientation and the strength of the clast fabric. Second, this method has
been used by Nelson (198S) in periglacial fabric analysis and shows promise as a
means 10 better identify such fabrics. Raw data were plotted on Schmidt nets and
contoured at 2 standard deviations (Kamb 1959). Azimuthal values were thea
rotated such that “north® was in the downslope direction. To ensure a standard
plane of reference, dip values were rotated into the local slope inclinstion as
suggested by Nelson (1985). The eigenvalue method treats individual observations
as unit vectors. The orientation matrix is derived by summing the matrices which
are the product of each measured axis and its transpose in cartesian coordinates.
The eigeavectors (V,, V, and V,) of this matrix correspond 0 three orthogonal
principal axes of the data sample. Eigeavector V, is the direction of maximum
clustering while V, refers to direction of minimum clustering. The normalized
cigeavalues (S;, S, and S,) summarize the fabric strength or degres of clustering
about the respective eigeavectors. Testing for randomaess shows that when a=350
S, values greater than 0.51 and S, values of less than 0.17 are significantly
different than random at the 95% confidence interval. This method has several
advantages over other circular tests pertineat 10 this study, namely:

1) it is rotationally invariant with respect 10 orieatation

measurements. Thet is, the test cutcome will not vary if the data

are rotated. Azimuthal values will changs but the statistics

associated with the direction of maximum clustering will remain the same.



Naylor 1983). Comparison of the data on an equal area plot to0 the
this would be a problem (Woodcock 1977).

Naylor (1963).

With the use of the eigeavalue method, analysis of the preferred
reworking of meterial. Streagth of the fabric as well as the shape of the
ibution provide insight into the processes at work. The shape parameter is a
Shape values 21.0 are clusters while values from 0< 1.0 are girdies. Strong
material was taking as it progressed downslops. &t was hoped that with
lobe morphology had 10 be examined 10 aid interpretation of Aow the pebbles




Soil horizon development varied among the lobes. Within each lobe,

horizon development was parallel to the local slope through the length of each
Tephra was absent in the soil profile at the control site (Figure 2.1). The

lack of this horizon indicates that following deposition, the tephra was eroded.

Surficial material within the coatrol site consisted of weak)
gravels (Figure 2.2). The imbricated gravels and lack of matrix less than 2.00mm
indicate that removal of the tephra was by fluvial action. Pedogenic d
was poor, usually limited to a shallow Ah layer superimposed on the im

Material in the lobes contained larger quantities of fines, tephra layer(s)
The tephra layer was near the surface at the prolobe and upper tread areas
but was buried deeper at the riser/midtread area of North Il and East I Soil
development was most advanced in these two lobes.
1. Buried bumus was present. Unfortunatel
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Figure 2.1 Longitudinal profile through solifluction lobe. Soil layer development
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Figure 2.2 Example of gravel - cobble material found within the control site.



Figere 23 Well-developed soil borizon found in North I site. Notice layering

between Ah, tephra, B and C horizons at this locale. Arrow indicates location of



resources, dating of any of the buried organic material at this site was aot
possible. This lobe was the largest of those studied. It was located oa the
steepest slope (26”) but had the lowest riser (31°) and tread (9°) angles. Pits had
to be sunk at least a metre on this lobe to reach unweathered material.
Therefore, a large volume of sediment has been deposited on top of the parent
slope at this site during the last 1250 years. North II consistently had the thickest
surface organic accumulations.

Stratigraphically, there were differences in the sediment at the East II site.
Pedogenic development was more advanced o the lobe than oa the prolobe.
The prolobe area consisted of a tephra layer at 45cm depth located between two
C horizons. This contrasted with the lobe stratigraphy where both Ah and B
horiaons were developed. Surficial organic accumulation was thia throughout.

At East |, tephra remained near the surface throughout the leagth of the
lobe and two White River layers were found in the tread. No other volcanic
deposits were present in the study area, 30 the buried layers indicate overriding of
a former surface. Surficial organic accumulation was moderate.

Soll Characseristics
Some trends were apparest ia the spatial and vertical differentiation of the

physical characteristics. Generally, the organic content of the soils at depth
increased towards the froat of the lobs and then fell agaia in the prolobe area.
‘This correspoaded 10 a decrease ia pH towards the snout of the lobes indicating



incorporation of organic material as the lobe advanced. The pH values decreased
downslope on the two east facing sites. NII was the exception having a consistent
reading of 4.5 from the tread to the prolobe at all depths. The pH of sephra
layers at all locations, and at all depths, remained consistent at 4.5 (Table 2.1).
or C borizons (Table 2.1).

similar st depth (C horisoas) but significantly different in the near the surface
layers of the three lobes (Table 2.2).

horisons (11.747.0%). The reason for the varisbility in the moisture contents of
the Ab horisons was tht they were located at the surface below organic mats of
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Table 2.1 Moisture percent by dry weight, organic content and pH of all study sites



E
E

6443 238 Ins
3.1
250
%2 |16 011358
173 ]

266 |12 |Ns

c 1 103764 ]
14.0987 7
o _dosm __ Jasw  |ns

Table 22 deﬁdvmmchmpm
study sites whea n 22. N.S. = not significantly different at p < 0.05.



varying thickness. Extremely high moisture contents recorded at North II ranged
from 60.50% at the prolobe 0 66.10% on the tread. These high values
correspond 80 Ah horizors that were located immediately below thick organic
mats (Figure 2.1). The variability in the moisture content of the B horizons was
largely due 10 the high values recorded at East I. B horizons at this site
corresponded to samples with increased organic coatent due 10 the lobe
overriding a former land surface. Tephra samples had high moisture contents
(mean 33.5£6.0%) in comparison to those of the lower desiccated B and C
borizons (11.747.0% and 10.73£3.2% respectively). Analysis of variance
performed among all the different soil horizons yielded a significant difference.
All possible pairs were subsequently analyzed. ANOVA results of peirings with
the buried Ab layers are suspect. There was 20 significant moisture content
difference between the buried Ah layer and the B and C horizons, but a
significant difference was recorded betweea the buried Ah layer and the surficial
Ah layers. It was expected that no significant differeace would be found betweea
the buried Ah and surficial Ah horizons due t0 very similar mean moisture
contents (33% and 34% respectively). A difference was recorded becsuse the
buried Ak horizon had a large variancs and small sample sise (2 = 3).
‘Therefore, thess results were discarded. Significant differences at p <0.05 were
present betwesa all of the other horizons (Tabls 2.3).

QOrganic Content
Organic content varied throughout the soil columa. Ah horizons had the
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$.612.1%), tephra samples (mean 5.212.1%) and C borizons (mean 5.241.79%).
(Table 2.4).
Organic matter percentages displayed a similar pattern among the lobes.
ration of

Sediments within the lobes ranged from silty-clay loam 10 stony sand-clay



Table 24 m&m&vmmcﬁemm
different horisons. No significant difference was found among the sub-groups of C
horisons or Ah borizons and therefore, they were lumped togiher as one category
respectively. N.S. = a0t significantly differeat ot p < 0.05.
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Table 2.5 Summary of Analysis of Variance comparing organic percentage among
study sites by soil horizon when n<2. N.S. = not significantly differeat at p < 0.05.



IWIWIWWI'IIIUIW“‘luiWIWIWHiEIHIWWWIWWIWIIW‘iIuiiil

{
f
!
]

PAELBUNSBAEBUBN BN =G LB BR NN - =R DWR NN < 0w WN N e W

SR888R88R229299990000OCEERERNESES

|

4.9 ﬂ.“

Gan e

Al L L L L L L Ly g e T T e A Ay
g

138
wn
1798

612
A

Table 2.6 hﬁsﬁﬂsﬂmmﬂmmwﬂm

mmmmﬁg-mmummzm-ﬂmmﬁl
= 15-359% volume, 3 = 35-60% volume.

volume, 2

less 15%



Figure 24 Ternary plot of sediment texture. T = tephra sample; A = Ah horizon
tephra samples plot on the right of the diagram and the B and C samples are
concentrated on the left.



bad means of 50.6220.7% and 47.2£13.5% respectively. This contrasted with Ah
borizons which had varying sand contents averaging 19.2£18.7%. Clay contents in
the Ah horizons tended to be more homogeneous than their sand contents, having

each horison were selected at random for determination of Atterberg limits. The
range in plasticity indices for all of the samples was less than 11 perceat (Table
29). These indices are similar 10 those reported for solifiuction sediments by
Washbura (1967) at Mesters Vig, Northeast Gresaland, and Smith (1985) in the
southern Canadian Rockies. Sediments in the Ab horison had liquid limits with &
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borizons (6.70£2.49%) corresponding to sediments with more diverse particle size

The most plausible explanation of the radically different behaviour of the

in jts various forms (sieving, sedigraph techniques) assumes spherical particles
ualike the locally derived material that is more spherical. It is also important t0
note that the tephra shape lead 10 loose packing creating more pore space and

plastic providing a slip plane for overlying layers. As the top 20cm was used for

Most of the raw fabric data plotted as girdies at the poles (Figure 2.5).
Raw values produced week fabrics indicated by S, values ranging from 4909 to



ta are plotted on the lower hemisphere. Contour interval is 20.



slope, there was an increase is S, values and a corresponding decrease in S, values
t0 the raw data values for these locations. This resulted in higher strength
perameter values (Log S,/S,). The rotation allows the data to be compared &

the local siope rather than arbitrarily 10 the horizontal. Because all fabric
strengths (Log S,/S,) increased with rotation, Nelson’s (1985) recommendatioa o
rotate the data 10 a standard plane of reference provided a better framework for
A).

and midiread of East I and North I plot together as clusters throughout the
graph (Figure 2.8). It is difficult t0 determine if the risers plot together due o
the small sample size (n=3). The eigeavalues associated with these fabrics are
usder iavestigation are similer 10 thoss reported for uadeformed lodgement ull
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(Dowdeswell and Sharp 1986).

East II clasts were sub-horizontal relative 1o the parent slope. This lobe
bad high fabric strengths, with the very low S, values. These small values indicate
that reorientation has been the result of predominantly one process (represented
by the S, value) unlike the other two sites. As the S, values are high, there was
oaly one predominant mode of reorientation. Horizontal clasts indicate the
predominance of gelifluction over frost creep in the reorientation of stones. The
tread fabric at all three sites was a girdle indicating horizontal alignment.
Stones at the tread location are migrating towards the long axis of the lobe from
the outer odges (Benedict 1970). Therefore, they have not yet been perfectly
aligned with the fastest flowing ceatral part of the lobe.

East | lobe had the weakest fabrics on the riser. S, values ranged from
S467 at the riser, 10 a high of .7378 at the midtread position and .5880 at the
tread position. The low value associated with the riser position was likely due to0
inclusion of some fabric from the parent material. The trench straddied the
boundary and clasts were measured throughout the pit. It is, however, instructive
10 note the progression of weak fabric at the riser, a strong fabric midtread, and a
weak fabric upsiope in the tread position. |

On the North II tread, the increase in S, strength was almost solely due 10
a decreass in S, values. That is, the dip of the data was essentially removed.
Coaversely, S, of the fabric at the riser and midtread of North II declined after
rotation. This occurred despite an increase in the strength parameter (Log S,/S,).



relative to the local slope. The North II lobe had a large difference between the
parent slope angle and tread angle (15°). East I and East 11 had differences of
5°and 7° respectively. Therefore, reworking had likely occurred due 10 external
factors (i.e. frost action).

Strength of the fabric at different locations was different for all three lobes.
Therefore, each lobe must be analyzed separately to explain individual form.

DISCUSSION

Physical Characteristics

than any periglacial process. The morphology of this lobate form was the result

of fluvial erosion. Lack of any buried tephra at the North I site indicates that 8o
deposition, the tephra was eroded by fluvial action before it could be buried. In

has not overridden the parent slope. Similarly, absence of a tephra deposit on the
valley wall



material may also have occurred prior to the White River eruption. The depth at
which the tephra was located at the riser and midtread positions indicates a
progressive piling up of debris towards the snout of the lobe. To determine how
material was moved, it was necessary to examine the other evidence.

must be another process at work on the slope. North II was located oa a 26°
addition, luscious vegetation on this site and the presence of a late lying snowpack
indicates that there was sufficient moisture to wash the fines downslope (Jahn
1967). North II had high moisture and organic contents due to the large number
of Ah soil samples taken from this lobe which skewed the overall distribution.
compared 0 44° and S8° on the cast-facing sites.




to the deepest tephra burial along the length of the lobe. Up to 60cm of
sediment had been deposited on top of the White River ash. Therefore,
movement has been present at this site during the last 1250 years. This site had
the second highest moisture contents in the B and C horizons. No spatial pattern
was ideatified in organic coatent of various horizons at this site.

gation formed prior to 1250 BP; or 2) the surficial tephra deposit on the
parent slope was removed by fluvial or colian action before the lobe advanced.
Due t0 the preseace of tephra presently on the parent slope, the latter
that organic material has been incorporated at depth at some time. However, it is
difficult t0 determine at what time burial oocurred. There were two thick tephra
layers found in the tread. While it appears as if the lobe front has not receatly




move faster downslope largely due to the predominance of frost action on steeper
slopes (Bened ct 1970). The stone froat terraces are overridden when the slope
gradient decreases

frost-heave would be possible at all depths at all sites. There was no significant

differently. All tephra samples were non-plastic while the Ah horizon had & low
would be most likely 10 deform, due 0 thawing of ice in the overlying sediments
This process is referred to as thaw consolidation (Taber 1930). This occurs
because of the loss in strength of soils subjected 0 rapid thawing and siow
drainage. Water released by melting ice lenses cannot be expelled, 0 that in the
x, some of the load is transferred 10 the pore water causing

process of consolidatic



Clast Fabric

horizontal when rotated into the local slope. The near horizontal /upslope dip
pa to occur. However, Atterberg limits were determined for

ing lack of

the <42Sum fraction where as moisture content was determined on a dry weight
field moisture conditions were comparable to the plasticity index moisture
indicated that there was a transition in the fabric from that found farther upslope
in the tread position. On each lobe, there was a decrease in the S, values at the
nism. At the midiread, movement teaded to be aligned directly downslope
(Benedict 1970). In addition, the stones continued 10 tend towards horizontal in
this position at all three lobes. These reori ted that gelifiuction
was active. Flow occurred from areas of high to low potential energy which was

$7



directly downslope, along the long axis of the lobe. Frost action would not

Both east lobes bad weak girdles in the riser position. There were slight
downslope dips and large scatter in the data. These riser fabrics displayed the
lateral spreading of material at the lobe froat due to lack of resistance and
function of the lack of gelifiuction rather than an increase in frost activity. The
fabric oa the tread of East 1 indicates reorientation by gelifluction and yet, frost
sorting is well developed oa the suriace. Therefore, the apparant increase in frost
creep at the lobe front may be the result of decreased lobe motion. Coaversely,
frost action reworking the stones on the riser could be the extremely thick (15cm)
viscous flow was the mods of downslope transport at the lobe saout.




contents, sparse woody vegetation and a general sorting of particies throughout
buried tephra layers were identified. Clasts were horizontal relative to the parent
slope. Clasts tended to be preferentially moved forward as indicated by the
increase in clast content at the riser. As the trenches were located to the “east” of
Benedict (1970). ‘The lobe bad the low (Log S,/S,) at the tread and riser.
Similarly, the high S, was offset by an increase in the S, value at the midtread.
The shape of the distribution tended towards a cluster at the midiead. The
were no longer solely reworked by gelifiuction at the riser position. These

increased in relation to S, values. This is not indicative of frost cresp which
would cause S, values 10 rise in relation 10 S,. Dip angle at the riser was low
compared 10 the other two sites. At the midtread position, the fabric was paraliel



1o the long axis and nearly borizontal. It was at these particular locations where
two complete soil profiles were found on North II. The distinct divisions between
the soil horizons indicated that the upper soil profile moved en mase. Some
deformation was present in the tephra layers. This indicated that this layer was
likely the shear plane upon which the sediment was transported downslope.
Fabric measurements from the lower soil profile may have confirmed this “plug-
like” flow. At the tread, the clasts were oriented away from the long axis. This
does not conform to Benedict’s (1970) flow pattern. As tread fabric plotted in the
subgroup with East I riser and tread (i.e. high S, values in relation 10 S, values), it
was concluded to have been formed by the same reworking processes. That is,
frost creep has recently reworked surficial sediment on the tread. Coupled with
homogencous pH, thick surface organic accumulation, and low moisture and
organic contents in the B and C borizons, the North II site was concluded 1o be
inactive at this time except for some localized post-depositional frost action.
Stones in East 11 tended to have the same preferred orientation as those of
EL Fabric strength (Log S,/S,) throughout the lobe was the highest of all sites.
This lobe had the second highest moisture contents providing sufficient moisture
for gelifiuction. Despite similar vegetation oa North II, East Il had a thin organic
accumulation. This thin accumulation as well as the fabric suggests this lobe is
presently active. u-mnmﬁw«mpmmm
did not show any discernible trend. The complex interaction of mineralogy,
humus and groundwater maks it difficult 10 infer genesis based solely oa piL.



istics between these lobes was related to groundwater and leaching. It is

due to the lateral inflow of water. The flow of water is affected by the slope
hh&nﬂhﬂhnmmw However, fabric data alone
necessary 10 infer different origins.

reported by Nelsoa (1985) and was similar to that reported for undeformed




lodgement till (Dowdeswell and Sharp 1986). However, Nelson's (1985) study
where the strongest fabrics were found in this study. Second, Nelson's study
sites may not be as strong” (Mills 1993 p.23). Therefore, the fabric strengths in
this study may be more typical of soliffuction deposits. Further studies to obtain
information about the fabric characteristics. Third, rotation of fabric into the
local slope does not always lead to an increase in fabric strength, Morphometric
parameters appeared to influenced the rotation. These morphometric
depositional reworking due 10 frost action reoriented stones according o the
plane is correct is a difficult probiem to resolve.




fabrics.
exclusively by gelifluction. S, and S, values were very similar through the length
organic accumulation as well as a 44° riser angle suggest that this lobe continues
to flow.

North II fabric had similar strengths to those of the east-facing sites.
However, rotation into the local slope resulted in a decrease in the S, values of
frost creep may be present at the tread. Previous movement at NII appears t0
have been plug-like in nature.
plotted as a sub-group. Tread areas on these two lobes appeared 10 have been
Harris 1981). Therefore, fastest movement at the study site was the result of




creep (and some free falling due to gravity from the dislodgeme
contributed 10 the east-facing lobe fronts.

identification of slip episodes by distinct changes in the orientation of the clasts.
Plug-like flow could be ideatified by a significant change in the preferred clast
orientation from one soil layer to another (Nelson 1985). Plug-like flow is the e
masse movement of & soil mass due 0 the thawing of an ice-rich layer at the base
of the active layer (Mackay 1981). Failure occurs along a shear plane due 10 &
reduction in shear strength. Failure along a discrete plane may be a functioa of

must be completed to distinguish solifiuction fabric from other sedimentar
eavironments.
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MICROCLIMATE AND AN EVALUATION OF

A NEW TECHNIQUE TO MEASURE
THE MOVEMENT OF SOLIFLUCTION LOBES

INTRODUCTION

coatrolled mainly by climatic factors (Benedict 1976; Washbura 1979; Nesje o ol
organic layers. These layers are usually interpreted as former ground surfaces
method has been used to infer past climatic conditions. Highest
have been hypothesized to correspond t0 periods of deteriorated climatic
conditions (Gamper 1981; Negje of al. 1989). However, Eggington and Freach

due to warmer than usual summer temperatures. Other workers have determing




forest fire activity has been found to promote solifluction in Northern Quebec
(Filion er al 1991). The different local interpretations of enhanced lobe
development illustrate the complex relationship between solifluction development

of contemporar

, & full investigation
into air and subsurface temperatures of three turf-banked lobes and a control site

Microclimate stations were established at all four study sites during the
could be compared (0 movement rates. However, the experi
sensing technique used 10 determine rates of movement produced inconchusive
results. Therefore, an evaluation of the techaique follows the results of the study

n



rescarchers have siated that the majority of movement occurs early in the thaw
season during snowmelt when the soil is saturated and able to flow (Gamper
1981; Nesje er al. 1989). Contrary to this, other scientists have stated that most
1975; Price 1991; Matsuoka and Moriwaki 1992).

There are three approaches to the quantification of movements produced
measurements based o changes in the positioning of painted stone networks
achieved with inclinometer tubes (Smith 1985, 1987b; Price 1991), foil pillars
(Eggington and French 1985; Gamper 1981), and dowel pillars (Gamper 1981;
(Benedict 1976; Smith 1987a; Morin and Payette 1968; Nesje ot al. 1968). Errors
at length by Anderson and Cox (1978). Ia addition, Smith (1993) has reviewed
many of the techniques used for the determinati
presented.

Painted stone networks have a marker incorporation period of up to four

of solifluction movement rates.




any one particular year due 10 climatic, vegetational and locational parameters as
initially subjected to the same processes as stones that are marked in situ. Until
marker incorporation, stone networks bave been reported to overestimate
movement by up to 3009% (Caine 1981). ‘This surface method of measurement
can also be prone to disturbances due to buman influences (Freach 1974).
Installation of vertically aligned materials such as foil and dowel pillars
to changing climatic and physical conditions (Smith 1967b). Foll pillars have
Changes in thermal characteristics cause changes in the natural thawing and
subsurface movement. However, tubes tead 10 curl because of their inhereat
tubss occurs as pressure is applied on one sids of the tubs. The opposite side




due 1o the technique employed. In addition, upslope movements have beea
recorded due to drying of the soil (Anderson and Cox 1978). Like other
subsurface techniques, inclinometer tubes require a 34 year stabilization period
(Smith 1993). Results from tubes like those from other vertically inserted
materials, are biased due to different heat fluxes and changes in the natural
pattern of water migration near the inserted material,

Due 1o the effects of the initial disturbance, long term study is required to
acquire accurate motion results (Smith 1992). Therefore, duration of the study is a
excavated 10 obtain final readings.

Radiocarbon dating of buried organics ia solifluction lobes t0 document
can be complicated. (Alexander and Price 1900; Smith 198S). Furthermore,



established 10 accurately document movemeat rates (Smith 1993).

To eliminate installation-generated errors and determine whea the
maximum movement occurred, a technique was devised 10 record movement
remotely. Campbell Scieatific soaic depth sensors (UDGs) were used t0 measure
the distance between the lobe front and the sensor. Thess sensors were
coanected to the same CR10 datalogger which was set up near each lobe front.
The sensors bave a 1.0mm resolutioo (Campbell Scientific Canada Corp. 1969).
The depth gauges emit an ultrasonic wave at the reflecting surface within a 12°
cone. The time it takes the sonic wave to return to the sensor can be translated
into a distance. Any movement of the lobe was documented as a change in the
distance measured. Distance measurements at a point were recorded six times
daily at 0400, 0800, 1200, 1600, 2000 and 2400 hours.

The single point measurements were subject to errors due to interference
at the time of the reading. Field studies measuring reflection from snowpack
accumulation have determined a root-mean-square error of less than 2.00cm
(Goodison e al. 1988). Therefore, it was determined that $2.5cm was the trus
accuracy of the sensors over a snowpack. Sources of errors associated with
measurement over 8 snowpack included blowing snow/snowfall eveats and
changes in the density of surface snow (Goodison of al 1988). During
precipitation events, there is interference from the saowflakes (or rain drops) as
they pass through the area through which the acoustical signal is travelling. This
causes the signal 10 be scattered. The second sourcs of error is related 10 how



the signal bounces back from the target. Light, fluffy snow bounces a weak signal
back to the UDG because much of its energy is absorbed. As well, the surface
roughness is much greater than that of hard packed snow. Therefore, hard
packed snow will bounce back more accurate and stronger signals. Errors have
not been quantified for the method proposed bere. Certainly precipitation events
did occur, although these were relatively short-lived compared to snowfall and
drifting snow. Although the accuracy of the sensors in this application was largely
unknown, it was hoped that the possible cause and effect between climatic
conditions and periglacial mass-movement could be identified.

The objectives of this study were twolold. First, subsurface thermal regime
was monitored for characterization and comparison of the control, east and north-
facing lobes in the Macmillan Pass area. The full year record of East I provided
a full record of freezing and thawing. Second, this study evaluated a mew remote
sensing method using Ultra Sonic Depth Sensors directed at the snout of the
lobes. It was expected that application of the technique would identify
morphbological change at a particular poiat. It was boped new data on the timing
of morphological change at the lobe front would be gained.

METHODS
Fisld Methods
Automated data collection equipment was installed oa the control and El

n



sites on the 12 and 13 June 1992 1
dataloggers with power supplied by a 12V gel-cell battery. Batteries were kept
coatrol site (Figure 3.1). Air and subsurfa
round data. Measurements were taken at 10 minute intervals at all locations.

Minimum and maximum temperature for each 24 bour period were also output.
Subsurface temperatures on the study lobes and the control site were taken using
sermocouples which were installed at the beginning of the season at -5, -20, and
characteristics more similar t0 soil than metallic rods. Care was taken 10 ensure
were packed against the dowelling to ensure that seasible beat was not transferved
downwards along the dowel. The ples were attached 10 the dowel in such a
way as to ensure contact with the soil. This was important 10 ensure that accurate




Figure 3.1 Sample instrumentation of study sites.



positioned directly at the lobe snout at a slight angle from horizontal and carefully
anchored with guy wires 0 reduce the potential for movement. Use of ultra sonic
depth gauges requires a measurement of air temperature to calculate the density
of the air in order to compute the distance to the target. Air temperature was
taken 1.5m above the ground approximately 1.5m from the lobe front half way
between the UDGs. Campbell Scientific Ultrasoaic Depth Sensors were
positioned approximately 3m to the left and right of the microclimate stations in
the area immediately in front of each lobe (Figure 3.1).

Despite the care taken to ensure accurate data collection, there were
sources for errors. First, calculation of the distance was dependent upon anotber
independent variable, air temperature. Second, the sensor recorded the closest
object in its path. Measured distance could have varied when tall standing
vegetation such as Benula glandulosa and Carex spp. were blowa over t0 within
the 12° cone. Third, while the sensors were anchored into the ground, it was
possible that the pareat slope which the soliffuction lobes were overriding moved
as well. This could result in a change of the angle of the sensor which would
cause it $0 measure a different point. Fourth, diurnal variations were preseat in
the data. Problems aross whea the sun heated the units. This pressurization of
the seasor head caused a diaphragm within the sensor 10 stick, resulting in
erroneous readings (Campbell Scientific Newsletter 1992). The problem was
prevalent in the early morning, usually with the 0800 hours reading. However, it
was common for the erroneous reading $0 cocur at 1200 hours and 90 & lesser



from low to high frequency in magnitude. Combined, the errors produced a data

Systematic error in the data could not be corrected because the junction
to the individual circuit the thermocouple is attached to and corrected (Halliwell
1992). In an effort to reduce the systematic error inherent in each observation,
the obssrvations were averaged over a longer time period 30 that the positive
reduced t0 mean, maximum, and minimum daily temperature. Out of rangs
record at different depths in East Il

”



zero-curtain effect was identified by the periods during which the subsurface
temperature remained constant at 0£0.450°C.

were then subtracted from the manually measured distance from the sensor to the
diurnal heating which caused the sensor to malfunction were manually removed

East 11 data were collected from 28 July 1992 uatil 31 July 1993. Dus 10 the late
o, 0o thaw period was recorded at the North II site. Consequently,




Figure 3.3 Derivation of horizontal distance from the Ultra Sonic Depth Sensor to
the lobe front.






temperature values from oaly East I and the coatrol site could be compared for

A complete subsurface temperature record was collected in the East Il
lobe for 8 of the 9 sample points. Unfortunately, due to animal damage, air
ten.perature data were not recorded between 3 October 1992 and 21 June 1993,
Additionally, the -Scm depth thermocouple at the prolobe failed on 1 October
1992 and was not re-excavated and repaired until 17 May 1993,

separate analyses allowed characterization of thermal charact
sites. The summer temperatur

yres for the full year record at East Il
Mean annual res at -20cm and -50cm deptts oa the riser at East Il were
lower than -Scm depth. The lack of temperature measurcments at -Scm on the
prolobe preciuded any analysis of mean annual temperature at this location

(Table 3.1).
Temperature at & depth of -50cm continued t0 decline at Ell through the




Time Period Site Depth Prolobe __ Riser Tread
13 June - Control $ 7872 7965  7.855
27 July 1992 20 8100 5115 .87
50 1648 2428 0.802
East | 5 6678 4245  7.694
20 3624 1714 2913
50 2385 0116 0839
28 July - - -
23 August 1992  Control 3 6128 79085  7.855
20 5137  8.118 387
50 1648 2428 0.802
East | S 6758 6204 6.701
20 6547 6173 5.306
50 4.61 S.444 428
North i $ 7453 634 4477
20 738 5573 5.158
50 6650 4326 3807
East i $ 6880 7700 8800
20 7.261 6673 4419
50 6.401 6280 495
28 July 1992 - o
30 July 1993 East i ¥ 3 NA 05357 0473
20 0744 0902 -0.638
50 0674 072 0031

Table 3.1 Mean subsurface temperatures for specified periods.



autumn until 19 January 1993 when it stabilized at the riser (Figure 3.3) and tread

(Figure 3.4). Winter temperatures on the riser at all depths were quite similar.

recorded during the summer periods. Winter temperature on the tread at -20cm
closely followed that of -Scm. Very little time lag was present. Extreme high and
low temperatures on the prolobe were recorded at the near surface (-5 cm) until
the thermocouple failed 1 October 1992 and again after 17 May 1993 when it was
-20cm throughout the winter (Figure 3.5).

Mean summer subsurface temperature profiles at the other three sites were

however, some -5cm mean summer temperatures were lower than -20cm because
subsurface thermal gradient between -Scm and -50cm occurred at East Il when
during the 13 June to 27 July 1992 period (20.089°Cem™ at East | and

the subsurface gradient decreased to £0.062°C on East I between 28 July and 23

Freeze-back 10 a depth of S0cm on East Il occurred first by 25 September 1992
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Figure 34 Subsurface temperature record of the tread of East I1. 27 July 1992 - 30
July 1993,



30 July 1993.




average rate of freezing between -Scm and -50cm was 2.05cm/day on the prolobe,
1.25cm/day on the tread and 1.07cm/day on the riser.

The fast freezing on the prolobe area of East II was related to the lack of
a zero-curtain effect. The absence of this effect at the prolobe location - while it
was present on the tread - suggests different physical conditions at the time of
freezing. The relatively thin surficial organic layer on the prolobe allowed beat to
difference does not seem large enough to account for the difference in thermal
regimes measured. However, moisture samples were taken in mid-summer and
difference as drying continued. Assuming this to be true, the lack of moisture on
the prolobe allowed the frost line 10 penetrate quickly.
on the tread hovered just below 0°C for S days at -Scm and for 28 days at -20cm.




identified bere. Because temperature remained between 0°C and -2°C,

ely 1.2°C and

moisture and lack of insulat

during the summer period indicates that full year monitoring at all sites would
bave determined the riser to be the warmest location.

temperatures (Table 3.1). Prolobes had highest mean summer temperatures at all
lobes indicating a colder avironment on the lobes. The tephra and C
borizons (which cxmprised a large volume of the sediment ia the s0il columa in
areas than on the lobes (Table 2.1) More ensrgy is required 10 heat up saturated
soll than dry soil, 30 dry soils (Le. prolobe areas) will heat wp faster, producing an




All three lobes recorded similar air and subsurface temperatures. |

and East II had virtually the same air and subsurface temperatures. These two
lobes recorded the lowest mean summer temperatures on the tread. Mean

summer temperatures on East I were slightly different. These lower temperatures
at depth at the East I site could be the result of installation effects. However,
tread temperatures of the three lobes were quite comparable. Therefore, the
more severe microclimate. This hypothesis is supported by the presence of active
approximately 2°C lower than temperatures at -50cm on North II and East I1.

Overall, the coatrol site had a less variable microclimat
was identified at the control site compared to the lobe sites. Higher -20cm and
lower -S0cm temperatures were recorded for the prolobe, riser and tread at the
coatrol site compared 10 the east-facing sites (Figure 3.7).

Peaetration of the thaw front on the prolobe, riser and tread at the control
and east-facing sites was from the surface down. There was no record of thaw at
at the control site. The sero-curtain effect was minimal at this sits, with all thres
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Figure 3.6 Comparison of mean daily air temperature for the control and East I for
the period 13 June 1992 - 23 August 1992. Julian Day 160 = 8 June 1992.
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locations thawing t0 a depth of -S0cm within 9 days of one another. This rapid
thaw coatrasted with that at the east-facing sites. Ncither east-facing site thawed
tain effect lasted up to 49 days at -20cm

until the middle of July and the zero-c
on El. No zero-curtain effect was identified at -20cm depth on the tread of East
II but it was present at -50cm depth. The extended presence of the zero-curtain
effect on the east-facing sites indicates that the coatrol site and lobes had
markedly different thermal fluxes due to varying water coatents (Table 3.2).
patterns on East I and East II indicate that freeze-back may have been similar.
However, moisture supply at that time period was unknown and inferences about

Movement was recorded for the control site and East I from 12 and 13
for the North II and East I sites from the 27 and 28 July 1992 respectively until
required after returning to the field on 24 July 1992 after a 2 week absence.
from the UDG measurements 10

determine a change in distance (AD). Regression equations were calculated t0




Date Date Total
Thau Thaw Durstion
initisted complete Days

Prolobe -5

Control < 12 Juw N.A.

13 < 13 Jure N.A.

Ell < 21 Juw N.A.
Prolobe -20

Control <« 12 Juw 16 Juw » 5

4] < 13 Jue 25 Jhuw > 13

(1] ] 27 Ray 5 ly 40
Prolobe -50

Control < 12 yuw 24 Juw * 13

El < 13 Jurw 29 Juw * 17

Ell 31 may B July 40
Riser -S

Control < 12 June M.A.

E! thawed N.A,

Ell thawed A,
Riser -20

Control < 12 Jjuw N.A.

€l <13 Jue 28 Juw » 17

Ell 21 May 8 July 49
Riser -50

Controt N.A.

(1] 12 Jure 18 July 49

el 6 Jurw 15 July 40
Tread -5

Control < 12 June N.A,

€l < 13 June N.A,

(1} 13 Jure 19 Juw 7
Tresd -20

Control < 12 Juw 19 Juw 8

€1 <13 Jum 24 Jum 12

Ell 26 Jure 24 June 0
Tread -50

Controt 26 Jurw 30 Juw 7

€l 19 June 17 auly 30

(1} 7 Jurw 7 July n

Table 3.2 Summary of thaw periods of Control, East I and East Il lobes. Control
and EI values are 1992 data. EII values are 1993 data.



value of the distance for 23 August 1992. In almost all cases, the regression line
was found not to be significantly different from zero at the 95% confidence
interval. In cases where the regression did have a significant slope, r* values were
low.
Coatrol

For the period 12 June 1992 - 23 August 1992, thirteen days of data were
Mmmmm&eddwnuthemdmdﬂdm(ll-ulﬂy).
Scatter in the recorded values made it difficult to determine movement rates.
During the initial period at the control site, there was little movement producing
borizontal lines on the graph with slopes which were not significantly different
from zero at the 95% coafidence level. On 24 July 1992, both UDGs located to
the east and west of the lobe centre were repositioned. Following repositioning,
the east sensor recorded radical change in the distance measured. Possible
sources of the measurement were: 1) herbaceous components of the plant cover
interfering with the signal, and 2) the sensor was not stationary. ‘This could
change the angle at which the sensor was positioned which would result in the
measurement being made on a different point on the lobe (Figure 3.8).
East I |

Significant scatter was initially present ia the results from both the north
and south sensor on East L. On 24 July 1992, the north sensor was repositioned
sccounting for the large increase in the distance moasured. The regressioa
equatioa for the south sensor indicated approximately 20mm of movement during
the measurement period. Similarly, 30mm of movement oa the north side from



Figere 33 Measured movement for Coatrol site. 12 June 1992 - 27 August 1992.



13 June until 2 July 1992 was determined using the regression equation. The
recorded movement of these two sensors was similar in magnitude to the errors
determined for measurement over a snowpack (Goodison ef al 1968). Following
repositioning, the north sensor recorded rapid change in distance (aD) during two
distinct time periods. The cause of the changes in distance measured is probably
movement of the sensor head (Figure 3.9).

North I _
North I UDGs did not measure any change in distance on the east or west

side. Regression lines fit t0 the observations had slopes which were not
significantly different from zero at the 95% confidence interval. Data points were
scattered with no apparent trends (Figure 3.10).
East Il

East II recorded the largest 4D of the three lobes. Regression snalysis
indicated that there was approximately 250mm of movement over 24 days. While
the regression relationship is stronger than that for any of the other Jobes (r-
squared 0.3581), the amount of scatter makes the magnitude of movement seem
qQuestionable (Figure 3.11). A possible explanation for the decrease in distance
measured could have been a change in the angle of the seasor head dus %0
subsidence and thaw arcund the stake oa which the seasor was mounted. It was
calculated that oaly a 7.3° rotation in the angle of the seasor from the vertical
would accoust for 25cm of movement assuming s 44° riser angle. The efiects of
wind and thaw consolidation around the bass of the pole upoa which the UDG
was mounted could easily account for this changs in angle. Therefore, the semsor
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Figure 39 Measured movement for East I site. 13 June 1992 - 27 August 1999.
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bead continued t0 move throughout the 1992 summer season.

DISCUSSION
Temperature
Yariations with depth

Peaetration of frost was from the surface downwards at all locations on
East I This caused temperatures at depth to lag behind those near the surface.
The pattern of mean annual temperatures decreasing with depth on the tread
reflected the heat penetration. On the prolobe and riser, mean annual
temperature did not necessarily decrease with depth. Lack of -Scm tempersture
measurements for most of the winter precluded any summary of the thermal
regime at the prolobe. On the riser, extreme swings in -Scm temperature had the
net result of decreasing the mean annual temperature. The near surface layer
recorded these cycles while the soil at depth was insulated, especially during
freeze-back. Winter temperatures on the riser at all depths were very similar,
Afer thawing was complete, temperature at -Scm was the highest. This resulted
in the noo-linear temperature gradieat at the riser.

Higher temperatures were recorded at -Scm compared $0 -20cm and -50cm
depths at almost all sites between 13 Juns and 23 August 1992. This was the
result of penetration of heat from the surface dowawards. Temperature
for Bast IL.

The control site had a larger thermal gradient compared 10 the lobe sises.



facilitating rapid drainage which increased the sensible beat flux at the soil surface
allowed the temperature 10 rise quickly at the surface. At the same time, the
Wm*K* while air has a thermal conductivity of 0.02S Wm™K*, As drying
occurred, energy transfer deeper into the soil was retarded due 10 the low thermal
conductivity.

It took the coatrol site riser an extended period of time 10 warm up 10 0°C.
due t0 drying. As thaw progressed, drying simul ly reduced the thermal
penetration. On the tread, the fact that onset of warming occurred at -S0cm

material at the site would allow free drainage ualike the fine-grained material
partly responsible for the lack of heating at depth.
Jotra-lobe comparison



frost leads to moisture migration during the freese-back period. Slow gradual
freezing allows sufficient time for water to migrate 10 the freezing front producing
large ice lenses (Washburn 1968; Williams and Smith 1989). During thew and
The riser bas previously been documented as the warmest area oa
solifluction lobes (Benedict 1970; Harris 1973; Prics 1991). However, this was

smowpack early in the sutuma while the prolobe and tread areas were exposed t0



drying on the prolobes. As previously discussed, the sensible heat flux was higher
warmest site during the same time period. Therefore, further monitoring at

Despite the short duration, trends present in the North Il and East II data
sets correspond 10 results found for the same time period in the longer data sets
for the control site and East L. Unfortunately, data for the froese-back period at
these two sites and thaw at North II were not available.

Throughout the summer period, East I and East II had lower maxiswum,

hoat flux during thew is stored as latent heat (Halliwell and Rowss 1987). In this
case, the different microciimate was the result of orientatio




the angle of incidence of solar radistion. The differences in moisture due 0
south or west-facing slopes due to increased insolation and drying (Smith 198S).
The temperature profiles at the control site were not significantly different
from those at the other three sites. However, solifluction in any form was not
developed bere or within the immediate vicinity (<50m). Therefore, the basis for
solifluction to occur in the study site was presumably the frost susceptible
season. Upon freezing, ample moisture was available 1o migrate to the freezing
and movement rates - a condition previously documented by Harris (1961) and
Smith (198S).
temperature at different sites within close proximity 10 one another. The effect of
different insolation due 10 orientation as a trigger mechanism 0 affect moisture
difficult to pinpoint. Soliflucsion at this site appears 10 be near its climatic
threshold because of the lack of festures oa south and/or west-facing slopes.

Movement
North 1l values generated & horinontal line with soatter of 390mm throughout the
1992 summer period. This ervor is at least an order of magnituds larger thea the



maximum error reported by Goodison e al (1968) for
studies has mounted the sensor vertically usually to determine snow depth. 2)
within the parameters used to calculate the measurements. This could be an

transfer of energy into the soil. As large scatter was found at East I between 12
due to vegetative interference was insignificant.

Therefore, the recorded movement was probably due t0 something else. Both of
throughout the measurement period causing a slight shift ia the angle of the pole
contisued decreass ia distance measured was kikely due 10 inadequately mounted




prolonged compared to the prolobes. Furthermore, the sero-curtain effoct was
concluded t0 be the result of lower moisture contents on the prolobe. Prolobe
areas thawed and frose the fastest due to reduced beat capacity because of lower
Thaw progressed from the surface downward at all sites. Similarly,
freezing occurred from the surface downward. Therefore, it is difficult %0
relations dmﬂli

gdﬁaﬂiﬂq:mﬁﬂﬂ_q-ﬁmhnnqﬂ-



develo; nent are climatically driven (Benedict 1976; Morin and Payette 1988).
more moisture to be retained during the summer periods causing a further
depression of mean annual temperatures.

The periods of freeze and thaw could not be astributed to increased
movement due 1o inconclusive UDG results. Theoretically, this relationship of
frecze/thaw to increased movement should be identifiable with this type of
be evaluated for its robustness before it is employed in the field. Further study 0
gather empirical evidence of actual movement would be required 10 determine if
these lobes are presently active.

00 control to determine if the location of the measurement equipment was stable.
The sutomated technique could allow accurate results 10 be determined only afler
determined if the sensors malfunction when mounted borizontalh

(198S) reported varisble 1..08 of movement for different locations ca the sams




measure movement. In addition, many of the techniques quantify movement at
mldheuken.dneni}wm:ﬁlikuhtﬂhm“ﬂ&h
inability of the method to measure the motion of particles in the way that the
subsurface techniques do. Estimation of sediment movement at depth in the
upslope portions of the lobe would not be possible. Therefore, it once again
the lobe have never been compared t0 subsurface or surface target measurement
An investigation into the relationship of volumetric sediment transport to frontal
lobe advance is required to allow comparison 10 other traditional techniques.
aatural effect of vegetation on solifluction processes must be realised 10 ensure an
undisturbed study. The best remedy may be 10 provide installatien for long-term
monitoring allowing comparisoa 10 other proxy techaiques. Any further wee of
remote sensing devices 10 measure movement must be carried out ia conjunction




with proxy techniques. With further empirical evidence, possible relationships of
volumetric sediment transport to morphological change at the front of the lobes
may be determined.
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CONCLUSIONS

Clast Fabric

Use of clast fabric measurements to infer depositional enviroament in
soliffuction deposits has produced some identifiable results. Macrofabrics were
aligned with the local slope and were borizontal throughout the lobe length.
Fabrics in this study were weaker than those previously documented for
soliffuction fabrics (Nelson 1985). Fabric strengths in this study were similar t0
those reported for undeformed lodgement till (Dowdeswell and Sharp 1966). This
indicates that pebble reorientation in the study lobes did not produce such
unimodal fabrics as that in the lobes in Nelsoa's (198S) study.

While the lobes had very similar fabrics, the stratigraphic and geotechaical
evidence often pointed towards slight differences in genesis. This is not surprising
as it has been reported that many different periglacial processes can coatribute %0
similar fabric patterns (Van Viiet-Lanoe 1988). This was largely due 10 the fact
that most perigiacial forms are polygenetic in origin and separating the effects of
different mechanisms on sediment is a difficult endeavour. The three lobes in this
study bave undergons similar processes.

Based on macrofabric analysis, it was concluded that all three lobes have
beea formed predominantly by gelifiuction. The physical characteristics of East |
suggest this lobe has experienced reworking of material by frost creep. Lines of
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and riser suggested accelerated movement due to gelifiuction relative to the east-
stationary. It is difficult 10 resolve these two seemingly different lines of evidence.
like in nature resulting in a stronger preferred orientation at the lobe riser

Tread areas appear 10 bave boen slightly affected by frost creep. The plot of S,
became dominant st the midtread position. Fabrics at this location had low S,
values indicating reworking by cne mechanism. At the riser, fabrics contianed to
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changes in the dip and preferred orientation as well as increase in clasts and sand-

size particles at East I indicated frost creep has coatribute

(Everett 1967; Benedict 1970).
This study used a spatially based sampling scheme. The relationship of

attention. Further investigations must inchude sampling at depth to detoct

joa of form and

Overall, the tread was found 10 be the coldest area in the study site while

%0 occur oaly in srcas with widespread permafrost (Freach 1974). However,




While a comprehensive subsurface temperature data set was collected, no
largely due 10 questionable movement recordings. This study has determined that
in this type of application (i.e. borizoatally mounted over a vegetated surface)

North 11 was concluded 10 be stationary at this time. The effect of
eastward orientation. It was obvious from the fabric as well as through the
characteristics indicated there was 20 movement at presest. North II was the caly
lobe in which fabric did not increase in streagth after rotating paraliel 10 the local
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siope. Lack of any frost sorting on the feature as well as no increase ia coarse
material forward discounts frost creep as the cause for this. Instead, the stones
have likely beea stationary since reworking by plug-like flow.

Both east-facing sites appear 10 be active at this time. However, the lobes
have different vegetation, different spatial distribution of sand-size particles and
stratigraphy indicating different processes at work. One of the East | UDG
sensors recorded a movemeat tread similar in timing and magnitude %0 previous
studies (cf. Benedict 1970; Mackay 1981). The continuous movement throughout
the summer season is similar to that reported by Mackay (1961). Scatter was
large but the overall trend of 20-30 mm could have been real. However, errors
associated with UDG measurements over a snowpack have beea determined 10 be
$2.5cm (Goodison of al 1968). Therefore, none of the UDG results will allow
any conclusions 10 be made about movement.

Summer temperatures were similar betweea these two sites. Therefore,
different stratigraphic sequences may be the result of:

a) differences in other physical characteristics namely moisture

which is related 10 parent slope, and summer insolation due 0

orientation

b) microclimate among the sites is significantly differeat. More

complete microclimate data sets (L.e. including winter records) mey

show larger differences. East | was an opes ares and East I was

Quite sheltered. Cousisteatly high snowfall (as was the case in

18



winter 1991-92) would effectively bury East 11, sheltering the ground

from any extreme temperature swings. By contrast, East I would be

swept free of snow oa the tread and exposed t0 the elements.

The fast freezing and thawing and overall warmer temperature profile of
prolobe compared to the lobes indicates that the lobes perpetuated themselves.
Once established, colder subsurface temperatures resulted in enhanced periglacial
processes. The date of origin of the lobes is unknown. However, due to0 the
presence of buried White River ash, the lobes have been active at some point
between 1250 BP and present.

Although the limitations of short-term mouitoring were realized, this study
was the first to document and characterize solifluction sediment in the Selwyn-
Mackenzie Mountains, Northwest Territories. Interpretations of solifluction
sediments should use as many lines of evidence as possible. It is obvious that the
relationship of increased rates of solifluction movement to0 the perigiacial
processes at work is not fully understood. Further studies documenting the
relationship betweea contemporary movement and contemporary climate may also
shed some light on the complex interaction of the variables at work on periglacial
slopes.
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