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ABSTRACT

This study of the characteristics of the Edmonton till
delineates various "soft" zones in the till. The basis of
the study is the distribution, both areally and with depth,
of the results of the Standard Penetration Test.

The report indicates that the Edmonton tills are more
likely of a flow or melt-out origin rather than a lodgement
origin. Further, a bilinear relationship between moisture
contents and blow counts is suggested.

The majority of the soft zones in the Edmonton tills
are found away from preglacial or postglacial valleys which
suggests that these tills have undergone little
consolidation due to drainage. These soft zones in the till
preclude the assumption that the local till is an adeguate

bearing stratum.
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1. INTRODUCTION

1.1 GEOLOGY OF THE EDMONTON AREA

The City of Edmonton is located in the east central
portion of Alberta at approximately 53.5°N Latitude and
113.5°W Longitude (Figure 1 After Kathol and McPherson
1875}. This physiographic region is known as the Eastern
Alberta Plain (Alberta 1969).

bDuring Cretaceous times, the Edmonton area was
inundated by a large inland sea extending from the Gulf of
Mexico to the Arctic. Erosion of the highlands area to the
west produced sediments which formed the bedrock in the
Edmonton area. These deposits, termed the Edmonton Group
(Irish 1970), consist primarily of interbedded and
intertonguing sandstones, siltstones and mudstones. The
interbedding and intertonguing of the deposit is primarily
due to the fluctuating nature of the shallow inland sea.

Numerous coal seam$s may be found throughout the local
bedrock seguence which reflects the presence of vast swamp
areas during the Upper Cretaceous Period. Bentonite is also
present in the bedrock, both as a constituent mineral in the
clastic rocks and as individual beds (May and Thomson 1978).

During the Eocene, the Laramide Orogeny caused the
Cretaceous deposits to be uplifted which brought about
subaerial erosion that lasted for a large part of the
Tertiary Period. This long period of erosion led to the

development of the mature drainage system shown in Fig.2.



The valleys of these preglacial channels were very broad
with gently sloping valley walls (Carlson 1967),

Towards the end of the Tertiary, a period of
continental glaciation began with the ice sheet advancing up
the regional slope of the land. As a result, the rivers
aggraded and deposited a sequence of sands and gravels
termed the Saskatchewan Sands and Gravels. These deposits,
consisting of a clean quartzitic sand with minor chert
pebbles, are usually restricted to the preglacial valleys.

The only recorded continental ice to invade the
Edmonton area was the Wisconsin. Westgate (1969) postulated
that local advances and retreats of this ice deposited two
tills which he termed the upper and lower tills. These tills
were laid down on the Saskatchewan Sands and Gravels in the
preglacial channels or in contact with the bedrock in the
upland areas.,

As the continental ice sheet retreated, numerous ice
marginal glacial lakes formed. The montmorillonite rich
sediments of these glacial lakes settled out to form the
lacustrine deposits overlying the till. St.Onge (1972)
traced the history of a series of glacial lakes along the
foothills of the Rocky Mountains as the continental ice
sheet retreated. The last of the series of these lakes was
glacial Lake Edmonton.

This lake first drained to the southeast through the
Gwynne outlet in the approximate area of present day

Millwoods and finally along the North Saskatchewan River.




1.2 LOCAL CONTRIBUTIONS TO THE QUATERNARY GEOLOGY OF THE
EDMONTON AREA

May and Thomson (1978) provide a history of local
contributions to the Quaternary geology of the Edmonton
area. They indicate that numerous investigators, many of
which were associated with the University of Alberta,
studied various aspects of the stratigraphy for the area.
Other later investigators presented some analytical data on
glacial deposits which referred to a stratigraphy consisting
of three tills with intercalated, interglacial beds.

In their study of a portion of central Edmonton,
Bayrock and Berg (1969) acknowledge the presence of only one
till. Westgate (1969) and Westgate et al. (1976) provide a
summary of the Quaternary geology of the Edmonton area in
which the presence of two tills was proposed. The present
interpretation is that there is a single till sheet
comprised of different types of tills (personal
communication §5. Thomson). These till types are discussed
subseguently. Fig.3 summarizes the presently accepted
stratigraphic framework. It should be noted that the sands
and sandy gravels depicted between the two till layers in

Fig.3 is not always present in the Edmonton area.



2. THE GENESIS OF TILLS

2.1 GLACIATION AND THE DEPOSITION OF TILLS

The movement of a glacier over a rock surface produces
erosion by a combination of plucking and abrasion. Plucking
is the removal and transportation of discrete blocks of rock
by the glacier and abrasion is a process whereby glacial
transport of these blocks over an intact rock surface
produces fine particles. The grain sizes produced by the
abrasion process depend primarily upon the mineralogy and
structure of the source rock and the distance the source
rock was transported by the glacier.

The products of glacial erosion are transported in the
basal part of the glacier. Within the basal zone of
transport, Boulton (1975) distinguished two subzones. First,
a subzone of suspension in which the particles are
relatively dispersed (concentrations less than 10% by
volume) and travel at the same velocity as the moving ice,
and second, a lower subzone of traction in which particles
embedded in the lowest part of the glacier have a lower
velocity than the ice because of frictional drag against the
bed. This is the zone where much of the particle comminution
during transport occurs,

Glaciers may also transport debris as medial or lateral
moraines built up from debris falling onto the ice from
nunataks or flanking valley sides, however these processes

were not important on continental ice sheets since the



majority of the glaciation occurred away from the
mountainous regions.

There are three principle modes of deposition which
depend upon the position of transport of the glacial debris
{Boulton and Paul 1976). First, debris transported near the
glacial bed is likely to be deposited subglacially as
lodgement till. Second, where the thickness of basal debris
is considerable, ablation at the snout causes debris to be
released and deposited on the glacier surface where it 1is
often fluid and highly mobile thus forming flow tills. This
process tends to inhibit the ablation of underlying ice.
Outwash deposits on an irregular surface of stagnating ice
leads to the development of an undulating kame landscape.
Third, the slow melting of ice beneath flow till or outwash
cap@ing releases more debris as till, which is often guite
stable. This process preserves some elements of an englacial
debris fabric and has been termed melt-out till. Table 1
shows a classification of till-associated landforms and

sediments (Boulton and Paul 1976}.

2.1.1 THE DEPOSITION OF LODGEMENT TILLS

The deposition of subglacial lodgement till occurs when
the force exerted by the moving ice on particles in traction
over the glacial bed is insufficient to overcome frictional
resistance offered by the bed. Once subglacial lodgement is
initiated, particles already lodged provide obstructions

which impede other particles and create lodgement.



The principal landforms found on lodgement till include
ellipsoidal drumlins elongated in the direction of ice
movement, fluted moraine ridges parallel to the glacier flow

direction and push moraines parallel to the glacier margin.

2.1.2 THE DEPOSITION OF FLOW TILLS

The deposition of flow till is initiated by the
accumulation of debris on the glacier surface. The effect of
this supraglacial accumulation is to preserve large masses
of buried stagnant ice in areas from which the active
glacier has retreated. Because of the low bulk concentration
of debris in glacier ice, melt-out produces large qguantities
of water. Therefore, the resultant supraglacial till has a
very high water content, is extremely unstable and flows
readily down the smallest slope; thus the term flow till
(Boulton and Paul 1976).

Flow tills are particularly prone to flow in relatively
rapid lobate flows. The middle parts of these flows are
often of slurry-like consistency and because of their
greater mobility they may selectively remove much of the
fine fraction from the till and deposit it elsewhere leaving
behind a horizon depleted of fines. As a result, surface
layers of flow tills often consist of a complex sequence of
flow till layers, some rich and some poor in silt and clay.

This phenomenon leads to the classification of flow
tills into two groups (Boulton and Paul 1976). First an

upper or allochthonous till (far travelled from its source)



subaerially derived which has undergone frequent flow and
remoulding. On its surface, water released from active flows
has preferentially transported away fines leaving a till
depleted of fines. Streams on the surface may deposit
stratified sand or gravel lenses which are subsequently
covered by further till flows to produce a layered sequence
of till alternating with fluvial sediments.

Second, a lower or parautochthonous till (little
displaced from its source) which has accumulated basally,
has not been subjected to surface processes and which

retains a massive character.

2.1.3 THE DEPOSITICN OF MELT-OUT TILLS

Melt-out tills generally accumulate as a result of the
slow melting of debris-rich stagnant ice which is buried
beneath a thick overburden. Therefore, some elements of
englacial orientation fabrics are often preserved. These

tills drain very slowly and are often under-consolidated.

2.2 THE EFFECT OF GEOLOGIC PROCESSES ON GEOTECHNICAL
PROPERTIES OF TILLS
The geotechnical properties of sediments should be
related to the sediment source, mode of transport and mode
of deposition. It follows that the mineralogy and grain size
distribution of glacial debris is a function of the source

rock and the distance of transport.



The mode of deposition of glacial debris as till and
post depositional processes also influence the geotechnical
properties of a till. Depositional processes determine the
bulk density of the till and its state of consolidation,
They may also produce sorting in the till which can cause
changes in the grain size distribution and its Atterberg
limits. In turn, these changes affect the shear strength and

permeability of the till.

2.2.1 LODGEMENT TILLS

Lodgement tills have generally been deposited under
considerable ice thicknesses, however they often exhibit
small preconsolidation pressures (Boulton and Paul 1976) as,
when effective pressures beneath a glacier fall below a
critical value, the assumed constant shear stress at the
glacier sole coupled with subglacial deformation causes
remoulding of the till.

The effect of subglacial deformation on an otherwise
dense lodgement till was demonstrated by Boulton, Dent and
Morris (1974}. They made observations beneath and
immediately beyond the retreating margin of the
Breidamerkurjokull glacier in Iceland. These observations
showed a lodgement till with a two layer structure; a dense
lower layer with an average void ratio of 0.38 and a surface
layer with and average void ratio of 0.68.

These authors suggest that the upper layer of the till

had deformed as a result of shear stresses imposed by the



glacier and that under the small marginal effective
pressures, shear failure and subsequent dilation had opened
up the structure to one of higher void ratio. Coarse grained
tills are particularly susceptible to dilation under shear
as the abundant large particles collide,

Thus, deformation by glaciers can produce remoulding of
sediments and destroy structures related to previous
stresses. As a consequence, if a material is remoulded, it
will not consolidate to such a high density as was present
in the former more efficiently packed particle distribution.

Jointing, which is often observed in lodgement till,
also appears to be related to unloading and to shearing.
Boulton {1970) has shown the existence of subhorizontal
joints produced by unloading during glacier retreat which
led to the release of stored strain energy and dilation
jointing. He also found that till often contained
sub~horizontal joint surfaces which carried distinct striae
in the direction of ice movement. Freezing and thawing with
the resultant formation of segregated ice lenées as well as
drying out of till may also produce jeinting in lodgement

till‘

2.2.2 FLOW TILLS

The laminated nature of flow tills is very important in
that geotechnical properties may differ strongly from those
of the massive till around them. Their presence can produce

a rapid and complex spatial variation in such properties.
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Within a sheet of flow till, there is a density
contrast between that material which has melted with little
movement (parautochthonous) and that material that has been
transported a considerable distance (allochthonous).
Parautochthonous tills generally have higher densities than
allochthonous tills. Additional density contrasts are also
observed in allochthonous tills that have been transported
as an unremoulded mass and those that have undergone shear
during flow.

Drastic changes in grain size distribution in flow
tills can occur as the result of the removal of fines by
percolating water and fluctuations of natural moisture
content due to changing groundwater levels. Partial
saturation due to the lowering of groundwater levels leads
to the development of suction pressures. These suction
pressures decrease the void ratio of the till and result in

overconsolidation and jointing.

2.2.3 MELT-QUT TILLS

When first released from glacial ice, melt-out tills
possess a high void ratio, however this high void ratio can
rapidly decrease under high overburden pressures {(Boulton
and Paul 1976). Melt-out till that is formed at depth
beneath a till cover will adopt a void ratio that is
controlled by the effective stress on the surface of
melting. Pore water pressure at this surface is controlled

by the balance between the rate of meltwater production
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during thaw and the rate of meltwater expulsion as the so0il
consolidates under its own weight.

Morgenstern and Nixon (1971) have shown that the
significant factor in this process is the thaw consoclidation
ratio "R", where R=o/2Cv, o=rate of advance of thaw
front,and Cv= coefficient of conseolidation. The excess pore
pressure so generated is given by: u= d/(1+1/2R) where d=
effective stress on a horizontal surface after dissipation
of excess pore pressure,

The generation of such pore pressures may lead to the
generation of slides within the flow till. Additional
evidence reported by Boulton (1975} suggests that melt-out
tills are most often normally consolidated and generally

unjointed.



3. DESCRIPTION OF EDMONTON TILLS

3.1 GENESIS QF EDMONTON TILLS

As described previously in Section 1.1, "Geology of the
Edmonton Area", Westgate (1969) postulated the presence of
two till sheets which he termed the upper and lower tills.
The present interpretation is that there is a single till
sheet comprised of different types of tills (personal
communication S. Thomson).

In general, the till in the Edmonton area consists of
diamicton containing erratics derived from the Canadian
Shield to the northeast (Shaw 1982). Many of the clasts are
faceted and striated with the regional preferred orientation
of the long axis of the clasts lying parallel to the ice
flow directions. The large clasts of Upper Cretaceous
bedrock and other preglacial sediments within the diamicton
are evidence of glacial erosion and their preservation
precludes deposition by running water or by sedimentation
through a body of standing water (Shaw 1982)., These large
clasts of Upper Cretaceous bedrock and other preglacial
sediments are rare throughout the Edmonton tills and are
generally found near the lower zones of the deposit. This
suggests that lodgement till is rare or is thin in the
Edmonton area and that where present, it is the oldest or
first deposited till.

Shaw (1982) indicated that angular clasts of subtill

sediment are ubiguitous in the Edmonton tills and that the
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presence cof perfectly preserved internal sedimentary
structures such as cross-lamination and plane bedding
precluded the deposition of much of the Edmonton tills by
lodgement. He further argued that a melt-out origin better
accounts for the presence of these structures.

The upper tills overriding the lower tills have
rewvorked the upper meter or so of the lower tills as
evidenced by pebble reorientation. This is a zone of intense
fracturing that represents inherent weakness and a greater
fracture permeability in the till. Shaw {(1982) provided
further evidence of faults occurring in the upper part of
the lower till, the sand lenses found in the tills and the
lower part of the upper till. He suggested that a possible
mechanism for this faulting is subsidence as underlying
stagnant ice melted out. Melting of this ice and the fine
grained nature of the resultant till together with the sand
overburden were probably associated with local
underconsolidation and low effective pressures caused by
thaw-consolidation.

The upper zone of the till often contains pockets of
sand that vary from one to several meters in diameter and
from several centimeters to a meter thick. These pockets may
be water bearing and the water may be under pressure.
Tunnels excavated through the Edmonton tills often encounter
these sand lenses. Their observation clearly shows the

presence of current bedding (May and Thomson 1978).
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Shaw (1982) attributed the sand pockets and lenses in
the till to meltwater of superglacial, englacial or basal
origin and stated that sharp upper contacts of the sand or
gravel pockets implied deposition in an ice tunnel, but the
extensive faulting with relatively small displacements
implies some settling of the sand as the ice beneath melted
out. Consequently, the tunnels were englacial. Any melting
along the roof of the tunnel simply caused debris to be
released and sorted in the flow that caused the melting. The
melt-~out till beneath the sand would cause local
underconsolidation for which the faults and diapiric injects
of till into sand are evidence. Thus it would appear that in
the case ©f the irregular faulted lenses and inclusions,

some form of meltwater origin is quite acceptable.

3.2 GEOTECHNICAL DATA FOR EDMONTON TILLS

In order to obtain the information required to prepare
this paper, a review of the available geotechnical data on
Edmonton tills was conducted. Local geotechnical consultants
as well as the Materials Testing Section of the City of
BEdmonton Engineering Department provided the data for this
report.

The types of data collected include the location and
designation of the bore hole, the ground surface elevation,
the elevations of the top and bottom of the till where
available, the sample elevation, insitu moisture contents,

unconfined compressive strengths where available, the blow
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count values and the Atterberg limits where available. A
complete listing of all the data obtained for this report is
included as Appendix A. Discussions of this data may be

found in subseguent sections of this report.

3.3 GEOTECHNICAL PROPERTIES OF EDMONTON TILLS

As stated earlier, the present interpretation is a
single till sheet in the Edmonton area comprised of
different types of t£ills. These till deposits are
heterogeneous and usually contain a high percentage of local
bedrock material. The upper part of the till deposit has a
dominant system of columnar joints in contrast to the lowver
part of the deposit where the joint system is rectangular.

Boulton and Paul (1976) suggested that Atterberg limits
serve as good quantitative indicators of the fundamental
geotechnical properties of the debris which is deposited as
till. They cited Casagrande (1948) and Skempton (1970} as
producing plots of plasticity index versus liquid limit for
sedimentary clays of low carbonate and organic content and
normally consolidated marine clays.

The resulting plots of the Casagrande "A" line and the
Skempton marine clay line are shown on Fig. 4. Also shown on
this plot is the "T" line proposed by Boulton and Paul
(1976) for samples of till obtained from beneath and at the
margins of modern glaciers in Iceland, Spitsbergen and the
Alps. They suggested that the "T" line owes its position

relative to Skempton's trend line to the difference in
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grading between till and sedimentary clay. When depositional
and post-depositional processes produce a grading which is
substantially different from that of the parent englacial
debris, tills move away from the "T" line.

The points shown on Fig. 4 are from the data obtained
from the Edmonton tills. As this figure shows, relatively
few of the data points lie close to the "T" line indicating
that depositional and/or post-depositional processes have
affected the gradation of the till. This tends to support
the contention that the majority of the Edmonton tills are
of a flow or melt-out origin rather than a lodgement origin.

Numerous authors have discussed the general
geotechnical properties of Edmonton tills. Thomson and
El-Nahhas (1980} produced a table of values guoted by
various authors. A summary of this work is shown in Table 2.

The data of Table 2 show ranges in moisture content
from 11 to 22% and ranges in blow counts (Standard
Penetration Test) of 40 to 150 blows. The majority of these
data points have been obtained from projects in the
"downtown" core of Edmonton.

The data collected for this report comes from areas
throughout Edmonton and exhibit a much wider range of
values. Moisture content values range from 10 to 43% and
blow counts range from 5 to 93 blows. Much higher moisture
contents and much lower blow count values were obtained when
samples from the greater Edmonton area were considered. This

point will be discussed in subsequent sections.



4. DEPENDENCY OF BLOW COUNTS ON MOISTURE CONTENT AND DEPTH

In order to determine whether the blow count values
obtained from the Edmonton tills are dependent on moisture
content or on depth below ground surface, various plots that
examined these parameters were prepared from the data
collected for this report.

The first two plots, Fig. % and Fig. 6, show moisture
content versus blow count and blow count versus depth for
all of the till data collected throughout Edmonton. Both of
these plots show a very large amount of scatter, however the
plot of moisture content versus blow count in Fig. 5 shows a
definite trend of increasing blow counts for decreasing
moisture contents. Further, if we assume the Standard
Penetration Test is an indicator of till type, Fig. 6
suggests that several till types do exist because of the
large range of blow count values observed at any given
depth.

In order to reduce the scatter present in Fig. 5 and 6,
the data points throughout the city were separated into
seven areas:

Area 1 - Millwoods

Area 2 - West End

Area 3 - North

Area 4 - Northeast

Area 5 - Downtown North
Area 6 - Strathcona

Area 7 - South Central

17
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These seven areas are delineated on Fig. 37.

The plots of moisture content versus blow count for
each of these seven areas are presented on Fig. 7 to 13. The
plots of blow count versus depth for each of the seven areas
are presented on Fig. 14 to 20,

The plots of moisture content versus blow count (Fig. 7
to 13) again show a relatively large amount of scatter,
however, the overall trend of increasing blow counts for
decreasing moisture contents is very evident. In addition,
there is an indication that, in most cases, for moisture
content values above 17 to 18%, the blow count values were
relatively independent of moisture content. For moisture
contents below 17 to 18%, the blow counts were sensitive to
moisture content change with large increases in blow count
values for small decreases in moisture content being
evident. This suggests that there is evidence for a bilinear
relationship between moisture content and blow counts for
the Edmonton tills,

The plots of blow count versus depth (Fig. 14 to 20)
still show a very large amount of scatter and do not show
any discernible relationship between depth and blow counts.

A further attempt to reduce the amount of scatter in
both sets of plots was undertaken by plotting only data
points from boreholes with more than one blow count value.
The plots of moisture content versus blow count for the
multisample bore holes from each of the various areas are on

Fig. 21 to 27. The plots of blow count versus depth from
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each of the various areas are on Fig. 28 to 34.

When Fig. 21 to 27 are compared to Fig, 7 to 13, the
degree of scatter has been reduced, but some scatter is
still present. However, the bilinear relationship between
moisture content and blow count is evident, as shown on Fig.
27.

A comparison of Fig. 28 to 34 with Fig. 14 to 20 shows
a significant reduction in the amount of scatter. A closer
examination of Fig. 28 to 34 reveals a slight trend for
lower blow counts to occur near the upper and lower zones of
the deposit with higher blow counts present in the central
area. This trend is illustrated on Fig. 30 by dashed lines.
To investigate this relationship further, plots of the
general stratigraphy and blow counts were produced for a
line in the downtown and Millwoods areas. The locations of
these lines are shown on Fig. 37. The plot for the downtown
area, shown on Fig. 35, generally supports the trend of
lower blow counts occurring near the top and bottom of the
till with higher blow counts being found in the middle area.
The plot for the Millwoods area, shown on Fig. 36, also
supports this observation.

It should be noted that when viewing the plots of
moisture content and depth versus blow count, the Standard
Penetration Test is an empirical test and is dependent on
operator and eqguipment performance to achieve consistent
results. These points are more fully discussed by Lanigan

(1882).
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Since the data of this report were obtained from
various sources, 1t is likely that many different operators
and drilling rigs were invelved in deriving this data.
Therefore, some scatter is inevitable purely from an
operational standpeoint; regardless of differences in the
geology of the till deposits. In spite of this obvious
drawback, no attempt has been made to correct the data for
operator and equipment error. The data have been shown

exactly as presented in the original reports.



5. SOFT ZONES IN THE EDMONTON TILLS

5.1 LOCATIONS OF SOFT ZONES

As discussed in Section 3.3, "Geotechnical Properties
of Edmonton Tills", most of the published geotechnical data
on Edmonton tills comes from projects in the "downtown”
core. These data have generally described the till as having
relatively high strengths and low moisture contents and as
an excellent foundation material.

However, a close scrutiny of the till data obtained
from projects throughout the City of Edmonton (listed in
Appendix A) reveals that, in numerous locations, the till
strengths are relatively low. In addition, some locations
exhibit insitu moisture contents much higher than normally
encountered in the Edmonton tills. All of the locations of
the boreholes from which blow count values were recorded are
plotted on a map of the City of Edmonton, Fig. 37.

The thalwegs of the preglacial valleys in the Edmonton
area are also shown on this figure. The blow count values
have been divided into 3 groups, viz; N=<20, 20=Ns30 and N=
30.

This map shows that although low and high blow count
locations are distributed throughout the city, the downtown
north {Area 4) and the south central (Area 7) areas have the
nighest concentrations of high blow count locations. The
Millwoods (Area 1) and north (Area 3) areas have the highest

concentrations of low blow count locations.
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5.2 MECHANISMS FOR SOFT ZONE FORMATION

As suggested in Section 3.1, “"Genesis of Edmonton
Tills", numerous sand lenses and inclusions in the Edmonton
tills are of a meltwater origin. This would imply that at
least the upper portion of the till is of "flow" or
"meltwater" origin.

Boulton (1975) discusses a model for flow tills in
which he postulates a mass of stagnant ice immediately in
front of an active retreating glacier. As the stagnant ice
melts, debris incorporated within the ice accumulates on the
surface along with large guantities of meltwater. Outwash
streams from the retreating active ice mass flow across the
stagnant, flow till covered ice and in doing so create
channels or small lake depressions in which water washed
sands can accumulate (Thomson, Martin and Eisenstein 1980).

These water-washed sands are then often covered by
lobes of flow till which when combined with the retreat of
the ice, bring about the abandonment of the channel. The
constant shifting of these channels and the accumulatioﬁ of
flow till generates the sand lenses in a random manner.

It follows that the processes operating during ablation
can produce the majority of the Edmonton tills and the lens
shaped sand inclusions found throughout them. Further, an
ablation origin for the Edmonton till also accounts for many
of the relatively low blow count values observed in the data
collected for this report, since the large amounts of

meltwater present at the time of the till deposition would
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result in weak slurry like tills at the outset.

However, the presence of many high blow count values
indicates that some of the till datas is at variance with the
ablation origin postulated above unless following
deposition, some events occurred to bring about
consolidation. Various alternatives are available for the
consolidation of select zones of the till including
dessication, the altithermal effect, local drainage through
preglacial or postglacial channels, regional changes in
groundwater levels and increased overburden load by the
addition of sediments from glacial Lake Edmonton. Also, some
of the till may not be of flow or melt-out origin, but of
lodgement origin. It is most likely that combinations of
these processes contributed to the consolidation of the

select till zones which now exhibit high blow counts.



6. DISCUSSION

Even though the majority of the available data in the
Edmonton area have been collected, the map on Fig. 37 shows
some areas that have relatively little data available.
Although this situation is unfortunate, a brief study of the
map (Fig. 37) shows that the majority of these areas are
older residential areas or undeveloped areas which by their
very nature tend to have a very limited amount of
geotechnical data available.

In section 3.3, "Geotechnical Properties of Edmonton
Tills", the conformity of the Edmonton tills to the proposed
Boulton and Paul (1976) "T" line was discussed. Fig. 4 shows
a plot of the Boulton "T" line and the data points from the
Edmonton tills. This plot reveals that relatively few of the
Edmonton till data points lie close to the "T" line. This
suggests that depositional and/or post-depositional
processes have affected the gradation of the till which , in
turn, indicates that the majority of the Edmonton tills are
of a flow or melt-out origin rather than a lodgement origin,

An investigation of the dependency of blow counts on
moisture content and depth was made in Section 4.0,
"Dependency of Blow Counts on Moisture Content and Depth".
This showed a bilinear dependency of blow counts on moisture
content, As Fig. 7 to 13 and 21 to 27 show, for moisture
content values above 17 to 18%, as the moisture content
values decreased, the blow count values increased. For

moisture contents below 17 to 18%, the blow count values
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could not be easily predicted from the moisture content
values.

Since the Edmonton tills consist generally of a matrix
of sand, silt and clay sizes, those tills with moisture
contents above 17 to 18% may have a higher percent clay
fraction than other tills. This postulated increase in clay
fraction may be explained by the Boulton (1975) till
formation model discussed in Section 5.2, "Mechanisms for
Soft Zone Formation". The numerous outwash streams flowing
across the stagnant flow till covered ice would tend to
remove some of the clay sizes from the areas they flowed
through and deposit them elsewhere. In addition, an increase
in clay fraction may reduce the permeability of the till
locally and thus increase the time required for
consolidation to occur with respect to those areas where the
percent clay fraction is lower.

The plots of blow counts versus depth tend to show a
general trend of lower blow counts in the upper and lower
zones of the till, with higher blow counts being evident in
the middle area. This observation suggests that perhaps
depositional and/or postdepositional processes have affected
the degree of consolidation of the upper and lower till
zones.

As presented in section 4.3, "Mechanisms for Soft Zone
Formation", a meltwater origin for the majority of the
Edmonton tills would account for many of the relatively low

blow counts observed in the data collected for this report.
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After a study of the map (Fig. 37) of the location of the
blow count values in the Edmonton tills, it may be noted
that the majority of the low blow count data points are
located away from the preglacial or postglacial channels in
the Edmonton area, eg., Millwoods (Area 1). Conversely, most
of the high blow count data points are located near the
preglacial or postglacial channels, eg., downtown north
(Area 5) or south central (Area 7).

The mechanism of till consolidation by local drainage
through preglacial or postglacial channels, postulated in
section 5.2, "Mechanisms for Scoft Zone Formation®, is
supported by blow count data of the Edmonton tills. The
presence of the few isclated high blow count data points
away from the preglacial or postglacial channels may reflect
the operation of other possible till consolidation
mechanisms such as desication, the altithermal effect,
regional changes in groundwater levels and increased
overburden load by the addition of sediments from glacial
Lake Edmonton.

The trend of lower blow counts in the upper and lower
zones of the deposit with higher blow counts in the middle
area may be explained by the consideration of depositional
and postdepositional processes. The low blow count values in
the upper zones of the deposit may be the result of the
influence of glacial Lake Edmonton. The low blow count
values in the lower till zones may be due to the dilation

hypothesis proposed by Boulton, Dent and Morris (1974). They
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suggest that shear failure and subsequent dilation beneath
an active glacier can open up the till structure to one of a
higher void ratio which would in turn result in lower blow
count values.

The presence of some obviously softer zones in the
Edmonton till has some definite implications. As outlined by
Thomson, Martin and Eisenstein (1980), the presence of a
soft zone in the till at the site of a proposed 14 story
building complex in downtown Edmonton resulted in the
changing of the foundation system from bearing in till to
bearing in the Saskatchewan Sands and Gravels to eliminate
the danger of differential settlement.

The map on Fig. 37 indicates that there are numerous
areas throughout Edmonton where the blow counts in the till
are lower than the values generally found in the downtown
core., Fortunately, the majority of the large multistory
buildings in Edmonton are situated in the downtown area,
however, as the city grows, the need for large multistory
buildings in other areas where soft zones in the till may be
present will develop.

Thus it becomes increasingly important that
geotechnical engineers understand that till deposits are
more complex than generally considered, both with respect to
geotechnical properties and geologic origin. This reinforces
the need to undertake detailed and thorough investigations
at proposed construction sites in order to understand the

geologic history of the deposits and to determine how this




history has affected their geotechnical properties.
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7. CONCLUSIONS

On the basis of the information presented in this
report, the following conclusions are offered:

1) The departure of the Atterberg limits of Edmonton tills
from the "T" line propesed by Boulton and Paul (1976}
suggests the majority of the Edmonton tills have a melt-out
or flow origin rather than a lodgement origin.

2) The relationship between moisture content and blow counts
for the Edmonton tills appears to be bilinear in nature with
blow counts being independent of moisture contents for
moisture content values higher than 17 to 18% and dependent
on moisture content for values lower than 17 to 18%.

There also appears to be some data which suggests a
trend of low blow counts in the upper and lower parts of the
till with higher blow counts present in the middle area.
This may be due to the effect of glacial Lake Edmomton on
the upper parts and the dilation effect proposed by Boulton,
Dent and Morris (1974) on the lower parts.

3) A flow till or meltwater origin for the majority of the
Edmonton tills and the general processes operating during
ablation appear to account for the many relatively low blow
count values observed in the data collected for this report.
4) The zones in the Edmonton tills with high blow counts are
often found adjacent to preglacial or postglacial valleys
indicating that significant consolidation of these tills may
have ocurred through drainage into the adijacent valleys.

Other consolidation mechanisms such as desication, the
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altithermal effect, regional changes in groundwater levels
and increased overburden load by the addition of sediments
from glacial Lake Edmonton may account for the presence of
the high blow count till zones away from the preglacial or
postglacial valleys,

5) Due to the complex nature of till deposits, it is
important that geotechnical engineers understand how the
geclogic origin of the till can affect its geotechnical
properties. The presence of numerous soft zones in the
Edmonton till mapped in this report make it imperative that
geotechnical engineers take care in their foundation
investigations in the Edmonton area to ensure that changes
in the strength properties of the till which may occur

within their jobsite are recognized.




8. RECOMMENDATIONS FOR FUTURE RESEARCH
1} Conclusions 1 and 2 of this report imply that the grain
size distribution is a very significant factor in both the
geologic origin and geotechnical properties of the Edmonton
till. Further research could be carried out on the grain
size analysis of Edmonton tills to determine if the
postulated melt-out or flow till origin and the bilinear
relationship between moisture content and blow counts are
supported by additional data. In order to proceed with this
work, objective criteria for melt-out till, flow till and
lodgement till must first be developed.
2) This report has initiated a data bank on geotechnical
information on the Edmonton tills. It would be of benefit to
the geotechnical community if this data bank were
continually updated.
3) A project similar to this one undertaken on the Edmonton
tills could be undertaken for all the Pleistocene deposits
in the Edmonton area to build up a data bank on their extent

and geotechnical properties.
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iR 3} tTa ST §2 AVE 4 LY X o 1 €56 4 0.0 CEs .6 1§ o & o [+ YH TD k47,1
tso 170 57 E3 AVE 1 £72_8 BS54 . ¢ °.0 $61.% t5 o @ 0 o ¥H TG 661 .8
1% 170 8¢ £% AYE z ETZ. 8 EE5 . 9.0 E6Y. .8 I} o L @ o TH TD s62. %
r8z 170 §Y S Ave 1 671 . & E&S ¢ ©.0 650 .6 121 L Is o o

193 142 87T TE aviE 3 L 5%, 0 0.0 €501 17 o LE] L] L] TH To €38 72
194 115 37 B0 AVE 1 LEn.s Bkt ¥ °. .0 Y. % X 9 £ 23 o -] TH IO 56, 5%
195 1¢3 571 £0 AYE ' L% A | €82.0 .0 E81.1 13 o 63 a o TH TO €% .3
106 113 §7 EC AVE 3 €69 .21 E62_ 2 c.0 61 .1 1 o [ 3] o < TH TD 85s. ¢
%7 tas $¥ 65 AVE A L3 A | §72.2 .0 €71.3 11 (-] Ja Q o TH TR 7.0
158 112 571 16 AVE 3 6T . & EXT. & ¢.o EE6.%5 14 o T2 o o TH TD €55 .1
198 ae 5T €3 AVE 1 £ET0 .13 £65 .7 o 0 £63.% 17 1823 £3 o o TH T4 &c2x_ 4
200 BA SY i3 AVE 2 £Y¥0.3 EEE. 0 0.9 EEE .1 1Y 187 Es ) o & TH T0 £52.%
201 &8 5T &® ave 3 §T0. ¢ £65 . & °.0 $£5%.4 16 -] 27 o ¢ TH TO $¢32.8
o2 101 Y &4 ave 1 L I E84 . 2 °,0 EE2. 6 14 o 0 L] o TH TO #61.%
203 icx 5% 4 AVE 2 L 3 20 | 64 . % L3 3 ] SE3.9 20 -4 11 o <

04 1o 57 8 AVE 3 £7X.0 6% .7 L= - EEt 5 1y < t1 (-4 (-] TH TO €51.7
208 T &Y §3 AVE 2 L & - § Lab I 872 .4 £§73.3 s -] 11 (-] o

208 &Y 5T E3 ave 3 e¥r7.3 €73 . & 72,4 E¥X.3 t7 o £ o L4

2a7T ®T £Y &3 ave 4 17,3 $§71.8 €r2 & £1T3.3 1» o 1% e °

IoN LEEE 54 3t AvVE 18 41.% L2t I €74, 8 E76 .7 34 Q9 b3 L] L]

200 &6 T €3 AVE t £73.% LE X ] .0 4855 .8 12 (] 3% o ] TH TO &&6 .3
1o a8 5T $1 AVE 2 E¥3.0 L1 S | .0 SEk 9 20 -3 T o o TH TO 663 .8
EER] 2 5T S0 AVE ¥ €¥1.0 83,2 LER N ) $ETY.4 18 207 3 (-3 o

11z "2 57 60 ave 1 £1y.0 3362 42 .8 44,0 22 298 22 o o

211 2 £Y 0 AVE H #6d .2 £81.8 o.0 44,3 3¢ 2is za o -] TH YO G438
214 "2 8T 0 AVE 2 CHa.% EE2. &5 c.0 1.2 18 24a £2 o L] TH TO %44 . 0
It 82 £Y &0 AvE 3 L1 I €62 .4 o.0 48 .0 18 270 42 o o TH T4 S44.0
218 108 %1 1 ave z £13.0 LY X B ) 0.4 SET. . 12 L 31 @ a TH Y0 %6t . 5
217 loa x71 $1 AVE L} Er2. 7 64 . a ©.q EE2. % 15 ap3} k1] o <@ TH YO 662 .4
ta *Y 3T 1 AvVE ] #£73.0 L1 X I | 8.3 $£7.5 14 710 0 o -}

21w *T 57 5F AYE T ET3.3 LAY ) R66 .0 $ET.8 & o LR o °

220 *7 SY 51 AYE 3 1T & L3R I E€5 .7 $E6.1 12 1 L 3 tE

21 1

21

123 ABDRESS BORE GROUND TOF TILL &OT Tiew SAMPLE MEC ou N LL "L COHMENTS
27e HOLE f£LeEvw ELEY ELEY ELEY (%3 kpa 1% (%

2%

26 70 %Y 73 ave i £72 .4 686 5 L= -] EE5 . ¢ 70 44 (8 ] o o TH TO €3 ¢
227 71 57 T3 AVE z ETZ . O L1234 0.0 6§66 .2 2 FEO L 0 o TH Y0 661 &
22a TE ST T3 AVE L] €Ty 2 866 8 0.6 £65 % 17 218 1% [+] o TH TO 6819
223 38 sT 1 AVE 10 E6p .4 E5E . 4 o0 &4 .5 10 o o o o TH T& &6 3
130 €T 87 &4 AVE t L S ET5 .5 0.0 £74 & L L2 o o -] TH TO 862 1
23 1 8T Sa aAve 1 T4 9 [ X1 55 . a a.0 (] o 0 o (-]

232 TE ST 61 AVE L] §771 & 74 . 4 B4l 2 ©c.0 o ] o o o

233 LR 34 &Y aAve T £ .6 €75 .7 0.0 ET4 .4 20 172 ta o L= TH TO &72 1
234 Tt &Y %1 AVE 4 €TT . & €76 a o.0 €¥8 .4 18 20 20 o o TH To &93.0
21% LA ] &3 AvE L] +£17 .6 ET6 .4 0.0 ET4.5 20 108 1o o o TH Y0 §73.0
238 TS 5Y 3 ave L] £78 .0 £72 . & a0 t€¥0c.8 27 47 13 o [+] TH Y0 s8¢ . &
Tt TH ST %1 AVE 4 €78 .o E72.% 9.0 £€2.0 1% 147 28 o 2 ESC €% .6 TD E5&.8
23 T8 XY E3 AVE L] 78 4 €73 .0 LR ) 71,0 21 152 2 o o F5C 664 .0 TO %%
T3 T4 ST €3 ave 2 §TS 9 L B | .0 €Y. 0 20 &7 to a0 Lx tH TD €60 %
240 TY &Y £3 ave 3 £7¢4 . % €117 0.0 264 .6 18 o8 5 o o TH Y0 &61. 2




TR § XY TET AVE '—1"‘*?.‘??—"**1-.'.—'6'”" e TERE TS UE TS T & o YH YO TT¥E D T T T T e——
247 S0 %y £t AYE 3 €87 .71 fES % c 9 €79 3 ¢ [») 1s [+) a TH YO €717 &
1432 30 571 E0 AvE 1 690 23 64 2 68t .8 BBA % Iv 13 19 o [+
T4 50 3T so0 ave [ 80 .3 [ XTI LE LI 682 7 13 o 11 o ¢
745 56 ST ko AvE H £85 7 AT & 680 & £33 ¥ 24 13T 15 3o 1
248 50 3T 5o avt 3 LTI [T L] £862 .6 1% 107 38 0 © TH 7O &T8 13
i47 5C S1 g0 AvE 1 688 % $8% .9 0.0 €79 % 19 1% 26 O o TH TG §79 .2
24 $0 5T 58 ave 4 92 .8 L XL ] £8T £82 .1 21 1os © %5 21 COAL €87 % YO £ai . 3
249 50 ST s& AvE s £%2 .23 E85 & €57 .7 €90.8 13 131 17 o O COAL £87.7 to c&s5._ o
250 50 5T S5 ave 3 636 .Y XTI °.¢ 662.3 74 185 33 o 6 TH TO E74 .4
281 56 51 $£6 ave 1 [T 88 .7 LI} ET9.3 18 138 40 o © TH TD &7 .4
82 50 5t 55 ave s Eag .1 $86 T oo £77.8 22 136 17 o © TH TG K75 .4
2% $0 £F 59 aAve 1 L8 B} £E83 & 0o &#40.5 S Iy 2Y o ¢ TH YO €%E B
254 30 ST 58 ave 2 91 ¢ EER & s4% 8 §87 & 20 304 3o o o
b131 ¢ 51 56 ave 3 6% 0 E87 . & 86 3 EET. 2 X2 36 10 o o
%6 $0 ST &5 ave a [ XY I 87 .8 o.a Ek5 . & 12 -3 - ) © TH To 873 .1
57 50 8T &5 AVE L] L4 a isa 3 c.o €84 .1 30 100 14 o o TH TB &£7W ¢
253 S0 8§71 % ave L] L2 Y ) LT ] 0.0 684 1 ¥0 23T 28 o o TR TD 679 .1
25 ¥ 45T $3 AvE 3 4419 LE- I c. .0 E7® . % 18 720 18 o -] TH T 674.0
ko 54 BT &5 ave [ BBk & fEE . © 653 7 €84 . & 20 340 31 0 1
161 54 ST 853 aveg & 681y a1 0.0 €Y8.0 21 308 15 p © TH TC E74.0
262 %4 5T §a ave 7 L ¥ 2 I LT 0. o C86 .4 20 35 14 @ © TH T4 &80.3
263 54 ST %4 avE 7 589 & tar. o o4 E4% .3 285 101 12 @ QO TH TO E80. 1
764 54 57 %5 avE 7 L XX I §88 .0 0.9 €83.7 74 180 158 o © TH T# $s0.2
76 €4 ST 58 AVE T 59 & 848 .0 6.0 €80 Y 20 243 15 o O TH YO &a0. %
: 266 59 ST £y ave 3 530 .1 £89 .0 ¢. 0 £47.5 20 e 11 9 e TH TC s81.0
* 267 53 ST %8 avE [} €30 3 S8y . © t.0 §32.8% 1% 4 31 31 @ °a TH TO G&t.0
264 $4 5T %7 ave ] 6az. & L ) 6.0 £77.0 20 o 11 e © TH TO0 ETX.S
6% %4 ST 5T AvE L] 818 £70.0 0.0 ETE. 4 20 154 13 o © TH TD £73.%
210 54 5T  §7 AVE ] 4z 8 £7¢ .o v.o §71.9 s - Y ) © TH TO £71.%
M 5% X7T %7 AVE 1c E83. 3 £80 .12 9.0 €78 .0 21 10% 12 -3 & TH Yo 574 0
277 $9 ST 7 AVE o0 [T E I | L8021 9.0 $77.5 70 162 17 @ © TH FD £74.0
273 5% ST BT AVE 10 83 3 ka0 2 ©.0 €¥5.9 2t 140 13 o @ TH Y0 &74.0
274 59 5T 58 AVE 11 87 .2 45 7 ¢.o #82 .3 18 24p (1 L] -] TH To €74 3
278 3 %7 S8 AVE 12 LY 3 i | E83. & ¢.o 8.5 18 59 L [ L] TH To &€T3.9
276 1
277
ZTh AfIDRESS WORE GROUND TOF TiLL wot TILL SAMPLE MC ouU L] kL "L COMMENTS
2T HOLE ELEV ELEV ELEY ELEY (%} xra RTINS 3]
k3 1
I8t £33 57 s Ave 2 k8% .2 L2 I 0.0 S80.9 17 183 0 [ L] TH Yo £73.¢
RE2 &3 X7V Y AVE 13 a1 & €80 .4 ¢.0 f40.0 20 1§11 EE 3 <& o TH TG &7) .4
2a2 €3 §Y T3 AVE 1 LY T2 } L2 L ) a.a T8 .4 70 21a 18 -3 o TH TO €11 . 4
248 &7 5T 52 ave 14 a3, 2 s$82.0 o0 R0 .8 IO Fi1O ] -] < TH TO £72.3
8% €1 £T S8 AVE 14 £81.2 5L2.0 9.0 B4 % t7 L4 10 -] L] ™" TO £72.4
288 7 $TY 2 aveE 4 L2 3 -] £42.0 .9 €T3 .0 16 o 21 L] o TH TO £72.8
za7 as ST 8 AVE £ 612 .4 £68 .1 0.0 ETi.4 18 o 33 o Q TH TO é$4.8
k4 1 54 5T Se AvE 3 Y2 .4 [ 37 | °.0 EEX . % 17 -] % a -] TH Y0 643.3
F3.3 3 28 ST B4 AVE 5 672 4 LEE A 9.0 &68 ¥ 2o o 24 o < TH T0 $61. 3
280 &6 5T 58 ave % Tz 4 Ete 0.0 - o 40 o S YTH TO E61.8
9t TTE 3T 9% ave 3 ET§ .8 £6% . € 0.0 .o 16 316 4 o o TH TG £87.7
292 176 ST 100 ave f £717.2 665 .5 c.o LT T 192 o o D TH TO 6644
7913 ta2 st 9% AVE ] L LI 87z.7 o.0 17 2s9 x2 L} o TH YO £6a.%
294 183 ST #6 AvE 1 §80.0 &r2.7 .0 & 1% o3 20 o L] TR TO S6&.5%
i9s 182 ST ¥% ave 2 L¥ - | €ET3.7 0.0 4 Y 24% 30 32 16 tW YD £70.1
136 178 s7 4% ave T L -] 668 .5 e.0 + 20 ] s o - TH TO &€& .7
287 175 3T 90 AvE % E7& .3 £68.7 °.0 T o 13 o © TH TO 587.0
- 298 166 ST 1 AVE t 7% _1 L ¥ N ¢.o .6 1T 258 o L] L= TH TO &85 .1
E L 299 163 8T 47 AYE kS €75 .4 §70. % 2.0 o 0 o -4 o o TH YO &9 .8
g 3o 156 SV 20 AVE 3 ETL & 6631 .5 o0 T 1T 1a1 1a -] 2 IN To £€1.2
<
-
[
N
o Je1 18iTIY WETEVE Z L ) L1 3] [-2% ] 82 H T4 FEY W0 o o THYD ESTLY
? 301 182 87Y 7 AVE L) ET2 & SEJ. % ¢.0 458.85 tc 274 a4 13 18 TH TH s4% 3
e Io} tsr 7T 4T AVE L] LR I LI I3 @.9 E%8%.2 16 172 ze o o TH TO &8, 3
o) 11} 161 g7 4T AYVE 4 Err. 7 $£3.2 c.0 E50.T 12 178 a o o TH YO s .
aos 170 87 Y aAvg 1 75 .4 §ks .0 o, o 54,5 1a 258 L3 o < T T8 €63.5
306 tYe ST &3 AYVE * L X I 1 LY ] 8E2.0 $E5.1 t& 220 42 o o
Jay 159 57t TE AVE 1 L4 LY 2 ) o.0 £54.6 1% §%0 %3 o a TH T0 &§%58.3
IO 156 ST 84 AVE 1 621 % s65 .1 ®.0 k4.2 18 738 e o o TH YD €82 .%
Jos 156 ST &4 avE 2 718 [ 11 S 0.0 S84.27 20 98 21 o 9 TH T¢ E67.3
310 tSE ST a4 ave 7 T 8 665 4 0.4 EC€4.5 8 IT2 6 @ o TH YO €§2.4
11 156 ST  #a ave 1 £T1.8 §E5 1 ©.90 $64.5 20 220 1% o & TH TO 681.4
312 48 5T 100 ave 1 &§21.2 L2 T8 | ©.0 $64.2 17 332 22 [ ¢ TH TO &%2.2
Tt 146 ST 1OCG AYVE 2 ET0. ¥ 665 .t g.0 E8X.3 18 338 s o [ TH TO #62.1
314 tI8 SY $%5 AvE 4 $53 & E4T . 0.0 45 & 28 34 o 0 © TK T0 s44.8
3ts 108 £7T 95 Ave 1 &6E 1t §E€5 . ¢ [ - E63.5 tk 729 L4 o -] TH TO 6E7 . %
s 1eS ST ga ave 3 CER .Y E64_2 643 .5 53,7 13 8 42 0 © S5C S44.% YO E4%.3
Y 10T §Y 8 AVE 2 L133 ERO .Y L2 B 3 E57.¢0 10 o &% (-3 o 36 €851.% 1o $%0.8
T8 107 ST  s8 AVE 3 64 5 678 £53 1 £S55.0 01s e 28 o © 550 682, TO S4T.S
31w 167 ST s Ave ] 61 & €590 50 .2 558 .0 1% - ¥ ] C S3C 6%50.2 TO kLas.3
i1z20 "3 57T % AVE L 62,3 LY T | c.a9 $E3.1 ts L 2 o 2 TH Y0 £%3.0
2 179 87 196 avs L] 8% ¢ E52. 0 6.0 -1 18 183 29 L] L] TYH TO &28 .1
322 t10 st t ETI. ¥ (13 3 ) 9.c 1 % 101 22 <o -] TH Y0 B6T7.%
EE$ 11 ST 2 Y38 £T1.8 o.0 LS ] * L ] L] a TH T s67v._2
aza 110 57 a [ ] 338 .4 e.0 S5£8 € 25 187 ¥ o -] TH TD séT.2
32% 1os 5T ¥ 4.9 a1 .0 €13 .4 €36.7 28 o 0 43 L2 ]
¥1e 04 5T 10 €44 .0 4y .0 $24.0 40 .4 2% o 14 o L]
327 fos gy 19 S840 41 .0 34 .0 $37.6 27 © T & o
Ize 104 57T 10 Ed44 .0 4t .0 s34 . ¢ ET6. .8 22 -] L 1] 1&
X2y 104 57T ¥ L1 2 ] L3 [ 13- ] 54,3 33 -] L 13 7T
130 tOF XY A% AVE t 88 . .5 65 .0 3.8 6da . a 33 o k] -] <
X3t t
33
1313 ABDRESS BORE GROUND TOF TlpL BOT TILiL SAMPLE MC Qu L L L COMMENTS
A3z HOLE ELEYV ELEY ELEY ELEY 1%) Kra (X %)
3XK
I8 i0F 5Y 8T AVE 4 LR ¥ A | Efa g EEZ. 8 €642 1t 124 L] < -4
3x7T 43 5T sa AvE $ £62.32 £§S55. 3 LXT -] 64,4 16 ¢ 18 o a
338 to BT 40 AVE 13 LE X sao0. ¢ 431.0 ET¥.Y 13 10% o L] o TH TO €78 &
313 100 ST 86 AvE 132 XTI ) (¥ 0. .1 I8 163 o o © TH TO E80.¢
340 T 5T 86 AVE 1% £42.8% £Te . ¥ 9.6 .4 3o % o o o TH TO &£78.2
T4 101 %% 44 AVE 18 &2 .7 E79 . & e.0 T 20 46 L} o o TH TO EY& .4
242 tO07T ST 83 AVE 1 684 0 [LRE ] 6.0 £ t4 220 © o o FH TG BTV 4
Iay 106 5T &7 AvE 2 Cak 7 €82 . 0 L] 6T .5 3%  wg o o G TH TO €78.%
344 108 ST 44 ave + B4 & %83 1 oo €40.5 17 1as o o © TH TD 6718 .t
145 19T ST a4 AvE 3 551 .0 €80 2 oo A0 .0 37 &6 o o O TH To £7&. %
346 107 S5Y 85 AvVE g LR £74 .3 oo E7T .8 21 Y71 9 o O TH YO ETE . &
34y V08 ST k7 ave z X I €61 2 650 5 B£1 1 |3 ¢ 4 o ©
Jap 164 E1 34 AvE E €17 1 £68 4 oo 566 .8 17 o v 0 © TH TO 2227.8
Jan tOs ST 35 Ave k 6% .8 K62 & ©.0 €1 .t 3% © 3% o o TH TO G40,
350 104 57T 81 AVE 1 6Tt & &5 . 0 €51 .72 €63 1 g 6 Tz o o
Ikt 85 £t  ¥7 ave 1 €66 & Y- 1 $52 0 €S7.9 13 238 3F o a
352 1T SY  TY AvVE ' 672 LR o.0 2.6 18 o 1 o O TH TO £%8.a
asa #7 &7 TY ave 1 eET 2 LLE NS ] 0.0 6§58 .9 1y o TT o C TH YD E%&.4
I8 50 ST W7 AVE t 6§62 .9 [ L7 PO - €36 .3 22 o 27 o B tH TO SEs .t
ass 5% ST #3 ave 2 663 9 53 .0 0.0 57 .2 20 € 20 6 O TH YO &%7.3
s L1 2 1 71 AYE 3 62 ¢ £5T .8 0.0 E%56 .2 20 o £ L4 ° TH Yo S£& .0
ae? 3 ST 84 AVE 1 £85 o £62 . & -} €59 . ¢ 23 O 36 4T 1% TH TO 5.3
%8 43 =71 a3 AVE ks LI - ] $62.2 ¢.0 ERO .2 t4 $1 37 ts TH D %% 3
13 ] €4 £Y 43 AYE ' [ 53 2 ] (119 LI $€3.3 17y - 2 TH T $80.3
LX) %4 €Y &1 AVE 2 ET0 . o 566 .6 62 .6 EEE .Y t& 15 o o
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University of Alberia

- T S TR EYTTEY EVE Y U eYe TTERS T i) BT va %Y 1%
i 367 B4 5% 431 avE Ll £To.0 6686 & (= ) E6% T 27 LR 1% a o T T £50 7
E kR3] €4 57 53 AvE L Lo -] E6% & o Q BEL 1 17 %4 21 o =] TH o &80 7
i A6 4 E7 5T TE AYE ) ETO 2 66 1 o o 654 4 i LR T < o T# 1D &62.9
? 385 £7 s7 T& AVE 2 £20_ 2 666 1 o o €E4 S 14 12% 24 o o IH T8 &84 .0
{ LY 184 T 10% AVE ] &80 7 L3 0.0 %0 4« 20 [<] 58 o o TH Tt Bés &
8T 184 5T jo3 ave 2 LE2- I ) €71 & a. o #7370 & 1a o 45 & o TH T8 &67 . %
Jo s 144 SF 109 AVE ¥ s2t .0 ETt 0 0.0 667 & 17 s27 50 o o TH I1H £5131.3
363 T84 ST 10& AVE 2 Lao . 5 472 39 o Q £E72. 0 1% o Ea o [ T™™® Yo £3%0 1
ire ES4 ST 14 avE H §7& .2 §70 . ¢ o.0 6E8 4 18 219 34 = a T 10 566 .2
374 184 ST 114 Ave L] $6 7 k10 9 0.0 E1o 31 20 o 17 o o TH TO 667 4
vz T41 ST V11 AVE 2? LY 1- T §13.0 o.© €72 & 17 T4 ta ] < TH T0 &72.3
Ira 142 SF 14 AVE L] 82 7 ET4 T (=2 -3 674 .5 T8 L 11 o o TH YD £74 &
IT4 170 5T 103 avE 1o (3 X0 S840 3 L3 B | ET8 .5 A X338 23 a =]
11 ITe ST to67T ave 22 &89 6 LEE I | [ &s0 9 17 o s o o TH TO 6%6 3
31s 170 ST 31t Ave e 630 4 £83 . 5 oo E&1 & 3% 2113 o L4 a T TD £%7.0
= tI8 ST 106 AavE 1 ETa. 8 §rz .0 0.0 €71 2 t& Zzao 8 o o TH TO €702
ITe 178 21 10& avg T [ 2 1-B] ETS . % L 674 1 0 o 8 2% 13
aTs 174 ST 106 ave 1 €717 .1 E72.7 c 9 B0 .5 1k 220 6 o o T 10 468 &
140 FE& ST 10 AvE % 73 .71 466 4 o.0 5€3 1t 17 o 26 o =] ¥H TC &1 7
XAy 156 ST 110 AVE 27 74 % 68 © c. .o 6EE & 14 tEE T [+ o TH T0 451 5%
Juy S8 ST 116 ave 2 B4 1 5648 0O oo 61 .9 18 21Y Fa-} 0 o TH TO €61 %
R 156 51 ti0 ave 3 £Ty . & §ET .5 o.¢ €66 .3 18 s L} o o TH TD K61 .3
2hs 158 ST 110 ave 3 €T3, 8 667§ L~ 1} 63 .2 e 9% 2?2 o O TH YO £5t.1]
i1ss 17¢ 5T 10% AYE 3 ET6 . & £7e .3 0.9 €9 & 17 13% 1 o [+] TH T €67 9
388 1
A57
Jea ADORESS ECRE GROUKD TOP TILL EOT TELL SAMPLE MC oOU L it P CUMMENTS
a5 HOLE ELEY ELEY EiEv ELEY 1% KPR %t %
380
1 ETO ST 105 AVE & $74 4 669 . & ¢.0 EE¥ O 15 758 a0 o a fH TD $87T.9
192 172 ST 105 AvE 1 £75 .Y 6% & 0.0 EEE . 4 16 114 ta o o TH TD S&c._ ¥
383 EE4 ST 162 aAvE i 81 .8 ETa & oo ET7.% 28 X2 1¢ o L
194 180 T 142 avE 5 [N I | €17 3 &0 €1% .0 18 119 23 < o TH TO &6 . %
395 180 57 102 avE s LL R | €7V .1 a.0 ET6.% 22 (31 LR ] 0 TH TD 659 .58
k2 1 186 £T 103 ave 2 LT . © €TQ .3 e.Q ETE.3 17 210 20 ] o TH Y8 €v0.2
I 166 57 103 AvE ] E7E. O L% I | o.0 £6% .0 1y 210 T - L TH FO &¢°7.7%
=R 2} E78 SY tox ave ] [ I €719 o.0 ET1.% 1T 128 I o O TR TO E&4.%
3% 178 SY 102 ave X [ I [ 0 o.e §72.5 20 184 15 o e YTH TO E&T. &
400 178 ST 102 ave “ £vs.3 €73 .0 €7¢.2 17 108 0 o 9 TH YO £87%.1
LR 2 178 ST 02 AVE L] 678 .3 Ty 0.0 £T0.8 16 100 I3 1] o TH Yo s47. 3
402 178 £ET 102 ave s €727 L p-] a6 ¥T2.6 18 122 tY o O TH YD &E8.7
403 172 ST 102 AYE s L W $73.8 o.o ET1 .1 T tss t6 o 0 TYH YO &6a .2
£0& F431 ST 115 AVE 1 §73.3 L1 9.6 EEEC. 0 t2 1%y 26 3 T OTH YO §63}.8
40% 143 $Y 118 AYE 2 ®T3.0 8T .2 0.0 CEEE .7 19 287 2% o o TH YO &2 .8
408 14X 5T (18 AVE 2 £71.0 L3 I o.a ET3.2 ta 134 1% o O TH TH €632
407 143 3Y 115 ave 3 £71).0 £6% . & c.& $§€3.% 1% 148 2% o € TH YO $83.32
“0a T43 ST 115 ave 4 6ETY¥.3 L2 S 4 o.0 &65 .7 21 &2 ty o o TH YU &%3.%
409 143 ST 16 AYE 5 £T3. 2 €67, 2 o0 684 . % 16 220 0 L) L] TH ¥0 &6 .0
4EQ 143 ST 115 avE L] 672 .2 67 . % 0.0 &6 .9 3T 18532 LR -] B TH TO §EX. 4
a11 143 ST 114 AVE 13 &T3 % L3 X - ¢.o CEXT. & 18 o z2 o © TH TO E5% . &
452 TAd 7 114 AvE 1 E731.58 664 . O 0.0 660.0 16 274 3 o a TH TO K54 &
413 EEY XV 114 AVE ? €7y, 2 £6a ¢.0 €67 .0 11 282 2% © ¢ TH Yo £%9 2
412 143 T 1ta AvVE . E13.2 L1 3 | 0. 666 0 t8 o tE © L] TH TO d%3 .
415 143 ST f18 AvVE [ $§7T31.% £64 .4 Q.o E6f. 8B 1§ © 1% L) o TH YO E80.1
418 143 ST 115 AvVE t ETX. % €67.2 c.o €8 .3 s L 31 e 9 © TH TD £64.7 anas
LR 148 5Y 194 Ave 2 £53 .5 dag. .3 2.0 6T9.2 ta 371 23 o o tH TO €78 .5 Aaan
418 t46 XY tra ave % 635 .7 £77.8 e.0 €T7.1 13 L] 1% o -] TH Yo £717.0 Saas
A1 E 138 ST 111 ave F £€%1. 0 Es7T. 8 o.0 E66.6 14 ¢ 311 o o TH YD £4£5 .1 LI
420 1XX ST 115 AVE 1 £1¢. 6% 85 ¥ ¢.a E6% .t 2% et o 0O TH Yo &£3.2 AN
CE A VYT ST 73 AVE H [l 3 LI 39 [ 820 AV TE LY 3 o " YH IO tEG. ¥
422 EXIY ET 115 AVE a €70.3 %4 .5 0.0 €7, ¥ L) 2 o O TH TY s61.38
az3 133 ET 11§ AYE z 70 .4 (11 8 | e.0 64 0 32 2 L -] o TH TO ss2.8
428 142 EY 111 aAve » 72 .8 S$EE . § o0 €€X.6 10 TS 21 3¢ 15 TH TO 82, 1
azs 132 8T (0¥ ave 1 EE7.8 L33 % 0.0 £5%.0 16 SEa -} L o TH -7
426 T3 5T 101 AvE ] 57T .2 L 0.0 83 .85 1% o 36 0 -} TH .2
427 123 St tot ave 3 E57 .4 §61.9 °.0 Fk1.4 21 132 a4 o o YH a
428 5E ST 114 aAve 1 63,2 §57.a ¢.0 #87.5 3t 10% a0 e TH 1
4z 25 £T 114 ave 1 $61.2 EET.2 9.0 €51 .4 17 o a0 o ] TH 1
10 5 5T 113 AvE Ll E62 .9 *57.% o.0 656 .8 0o 124 20 -3 9
431 *5 ST 154 AvE . s5£2. 9 £57 .5 .9 654 1 15 o 54 ) o
432 TS ST 110 avE 1 L1 3 ] 80 .8 ©.0 €57.8 15 g4 40 L] o TH TO &%7.8
433 TS ST $10 avEe 5 €611 65T .1 o 6 £55.86 132 =} T2 o o TH TO £83.7
aza &5 XY 110 AvE & E¥S.Q €Ty, 2 e.¢ €70.9 311 105 L] © ] TH T &710.3%
436 P13 ST 111 ave 1 6642 €57 8 .0 $5T.1 17 Asa 27 ¢ ] TH TO 6%s .3
436 *S £T 106 AVE 1 68 32 L2 B c.0 5% .0 20 Jat 11 o L] ¥FH TG %54 %
437 A% 5Y 108 AVE z (1] LL3 | o.0 6%8.4 18 L] 1 o o ¥H YO0 &85 .0
432 "% ST 108 AvVE 2 (32 E5®. 2 o.0 ES5 .0 i85 o £ o O TH YO §%5.0
413 40 £Y 101 AVE 3 w41, E14 . % £32.8% £32.4 185 141 LI o 27
440 P11 £Y 130 AvE » [ % 3 €81 % 0.0 E79.7 15 &5 £ o o TH TS ETY Y
a4 1
aay ADORESS SORE CROUND TOP TILL WOT TILL SAMPLE HC QU LI XY L COMMENTS
“da HOLE ELEV LLEY EiEY ELEY 1% Kpa (Xr {X%)
a4
4ag 112 ST 130 ave 10 [ X L) E8E. T .0 $T7T.& 17 ¢ 2 O ® TH YO €76 .t
AsT 2% ST 108 AVE L [ 11 3 554 .0 @. €54, 23 # 14 @ © TH TO #8a.7
iy *8 5T 104 AVE ] $64.0 L2 I 4 ¢.¢ €57 .4 1% ¢ 54 o o TH TD £8%.2
any & ST 108 avg H LLX -] 5. ¥ ¢.0 58,3 14 239 a2 o ¢ TH TO %% .2
(3 1-] BE ST 104 AVE 4 54 0O (2 I o.0 8.2 1§ 134 ¥4 -3 o TH TD #%55.2
A%y % ST 10K ave 2 [ L LI ESN .0 o.0 €E%.3 22 »s LI -} ¢ TH Yo £%§5.23
4%2 % ET 108 AVE z L LI (22 B v.0 GEE. ¥ 3 ¢ #¥Y o 0 TH TD #3563
4%y 104 T 105 AVE 1 562.0 #%%.0 o.0 €54 4 1% L - I ] Q@ TH TD ¥%2.12
454 P10 ST 106 Ave 3 628 [ 3 -] o0 €84 20 -] - - ¢ TH YO #%31.0
a5% 117 ST 108 AYE L] c8%.4 $57.3 b.0 K56 .5 ¥ o 4 o © TH TO #8%.3
458 1904 St 104 AvE 4 85 4 tEa. Y 0.0 655 .8 1§ o 20 ¢ O TH TO $%%. s
a%7 104 £EY tOS AYE 2 c2. 0 BEs .3 Q.0 E$T.9 12 ¢ 8y o L] M TD &%1 . &
A5 108 5T 104 AVE 3 €48 .1 8% .3 ¢.o £537 .8 1§ a4 k¢ o0 B TH YO 652.3
ASE &S ST 106 Ave 10 82 .0 5% .0 o.o €53 .4 18 o 37 is s TH T8 §%50. X
4k0 105 ST 146% Ave ) E§2._13 54 & 0.9 §51.2 13 L] 1% o (-] TH TO %1 ¢
a6 108 ST 108 ave 5 €74 .6 L3 2 ) 0.0 EFES .8 t7T r¥% e o o TH TO 66% . o
LX 34 116 Y 1901 aAve 1 E62. 8 €65 .1 o.0 54 .1 13 210 18 o ] TH YO 82 .1
46 ta? ST 10t Aave 3 4t . 4 75 . ¢ .0 674 .4 19 130 s o L+ ¥H TO £62. %
s64 127 57T 101 ave 1 681 .4 ETS & 0.0 E67.9 2t 1190 19 ° (-3 TH D &62.%
465 10T ST 101 AVE t 81 a £15 .6 [ 661 5 15 L] 19 17 s TH O &62 . %
466 147 ST to1 ave 3 CEO % ET5 4 oo E70 . 4 e 120 21 o o
487 YOR 5% 100 AVE § 669 & £61. % ©.0 EE82 & 14 o % o o TH TO €523 ¢
468 97 5Y 101 ave 1 L 8 -1 T2 1 L1 663 .2 14 a0 &0 ¢ o S$56C EED .9 TO 66:. 0
4B 100 ST 102 ave 1 ¢EE .0 €63 .17 Q.0 £81 .71 22 8 » o o TH TO E£%%.0
TG to0o ST §01 ave I &85 Y $E0 . & LR 3 ) E80 ¢ 23 181 18 51 [ 3 £SC 648 . & Td £4% 2
47119 100 ST 01 avE X S6% .3 sE1 1 L £53 .5 ta L] &4 37 14 $5C 543 .9 TO 4% 0
472 toe ST 10t AvVE t LT3 ] 64t 4 Ef0 T 54 4 17 %%4 a0 -] o S50 £%90.7 Y0 €ke. 9
ary A% ST 101 AvE 3 EEN 1 €0 .7 S48 .3 43 .2 10 229 27T I Lk} SEC A8 .2 YD K44 8
4£Ta BF SY 10} AVE -+ L2 A ] L1 X-I 4 [ L B ES1T.0 13 $7& 52 Az 11 £5C &%t .1 YD £471.9
7 1Y ST 103 ave L] SE5 2 80 a2 LEE T | $49 £ 13 a0 4o I% [N 3 S5C S48 . 2 YO w41 4
478 5 3T (o4 AvVE 1o 84 7 LAY ) B4 7 B4 .8 9 o 21 o o £%5C E43 .9 YD €37 5
417 1Y ST 104 aAvE " 6K a 80 § L I- e ) 4% .8 18 -] 24 -] o FEL 443 7T TO §37.2
“are £T 103 AVE tE EF% « EE1 % o.0 “4n.0 13 o I8 o <
47Ty BT 5T 10X Ave " L X . | SE0 . % 0.0 E52 .3 1% o 4K £l o TH To 645 .0
480 100 ST 101 AVE n 66 9 E51 4 o.0 54 10 o &0 o o TH e &5%F T




|

TEREERYTUTe Rwd Ty T T

o TERVES ¥4 eET . T RET W BRI A B9 vy ¥¢ o 7o
l aYE 29 EEs 1 [ XTI €42 .6 §5% ¥ 14 ¢ 12 o U OS5%C 6%7 4 TO Kay 3
ave 4t 654 .6 £80 2 ° o €52 8 32 o 0 o o
Th ST 192 ave 13 “«65 7T BEi & T €5y 1 17 ] £a 4] [ S5C €43 0 TOD g4 &
¥Y 51 101 AYE 1 LS 2 %3 9 4 5 6£%9 1 14 a 21 o Q
| 9% St 107 AvEe 3% bs5 .4 €E1 A 80 1t 686 7 Hi e 27 © ¢ S5C 856G 3 1D &aj 2
f I3 St 4t oave s £%1 9 668 1 o 665 9 12 o 12 © o TK Y0 &€&
N 17 51 &+t AvE 2 £7t.8 SEA. % [ X €EE7 . & 27 =% 11 © a
H T? £t BT AVE H $11 ¢ [X ¥ S €64 2 £51 8 20 aa 10 ¢ a
i 11 ST s AvE ¥ £ .2 §61 & s63 .1 €EET © 22 a0 12 © -3
i 5O 5Y 101 avE i LY ' §59 .8 559 .8 659 % bE 7%k o o o
H #21 5T 103 ave s RET & £56 0.¢ §%8.3 213 3721 74 O O Tk TOD E53 %
‘ 3 £ 106 AVE % téc 7 58 ¥ [ ] Cag % 7% wa 17 0 © YH TO ES1 1
| T+ 5T 106k AVE 1% $56 % £55 .2 0.0 #%0 ¥ 22 163 11T © o I1® TO0 k43 1
ET¢ ST 12% Aavg 1 GAG Y 674 .2 0.0 £T2 1 12 ¢ 41 0 ¢ TH TD &7%.12
L3
ADDRESS BCRE CROUND TDP TILe 80T TILL SAMPLE MO OU L | COMMENTS
HOL £ ELEV ELEY ELEY ELEV 1% KFPa T
501 178 171 12% AvE k] €19 .3 [ ] ° 9 $72 5 18 ¥4 I8 XX FS TH TG £%% .3
502 1Te £7 128 aAve * £19 .7 73 .23 [ E72.5% It (23 ER ) G TH FO E&7. &
501 163 €T 12% ave 1 s20 . § 8759 6.0 £74 0 22 6 18 o O tH YO E£2.4
504 163 $* r2% ave 2 £80 .1 $715 .6 a. o €74 .0 21 o 15 0O o TH TO 662.2
505 16 5T 126 AvVE 3 ST .8 E74 2 o o ET1.6 & o &7 © O TH TO &61 .8
- 506 170 51 118 AY¥E &1 iat.3 £74 .8 o.0C L¥s 1 5% @ 37 o G TH TO £77.4%
"5GT TET ST 170 AVE 1 L1 I} ETZ 1 0.0 ET1. .8 16 72 2¢ 11 18 TH TO 670, 0
Lot FET7 $Y 120 AVE 2 6TH . & €T o o ETO & +E Jaz s © o TH TG &£9 .9
508 147 3T 170 AVE 3 479 .4 €72 7 6.0 £7:.8 17 771 3o ¢ o TH YD 701
sre F5E 5T 108 BYE | tag. v tae 1 Q.0 €79 .8 20 3 11 0 o TH YO0 £76 .71
11 1Sk LT 118 AVE 2 LY I S840 & (-1 ] €79 .7 20 10 0 o o TH T0O €76 .7
stz TS5§ 57 318 AVE 1 s8s.2 53 & °.0 E80.0 17 11 1% 36 18 TH 10 £76.8
511 156 ST 116 AvE 13 LE3 8z 2 0.0 80,9 17 iy 18 o o TH Y0 ST 4
sS4 158 ST 118 AvE . [T 1 LY T 4. a £7%.9 1Y 20 % © T IH YO 615 .%
$1% 127 ST 12T AvE 1 4480 81,6 c.o L8216 23 o 24 © © TH TO 67163
g6 177 Xt 127 AYE 2 ita .0 L B 57167 878 .8 t7¥ L o © o
17 137 £¥Y 2% AvE 1 &7% .5 70 . a.0 §€7.0 1% 178 28 o o TH TD &%) &
[ R} 128 £ $2€ Ave 2 £713 .0 EEE . 1 a.90 E4E & I0 Iss 31 o o fH YO &3 .0
s1e 128 5T 126§ AvE t .1 [ 23 3 ] ¢.0 €52 .6 s 323§ e ) 3 TH ¥0 &k, 0
520 174 5% 1€ Ave . $7x.1 §67.2 o.0 $66.4 17 2ok 43 O o TH TO EE3. %
B2t 128 5T 135 Ave b3 [ 3 3 § E8E .6 c.0 §63.2 I46 82 I3 o o TH 7D &4z 8
€22 114 87 125 Ave 1 £70.0 56.12 e.0 6% . 8 IO ) ax o a TH TO &85 7T
£22 17V 5T 115 AvE 3 EYL 6 ERE .4 8.0 BE% .58 2L T ‘a o o TH Td &2 &
524 122 ST 118 AVE 4 £Tt. % $6c. ¥ e.o 565,53 ¥ 172 18 O O TH YD E&4_ 2
25 PEX 2T 125 AVE 6 L4 | L LN 6.0 ETX.6 2% 2z 10 © ¢ TH YO 72,0
$2c 1§37 ST rFS AVE [N ity 3 Y40 0.0 €72 0 17 L} 33 ¢ (] TH Y0 E%z7.0
517 170 ST 125 AVE 24 LT 18 .5 c.0 £13.5 20 o 0 o o TH TQ €719
518 3137 5% 1B BYE 1 L0 L 2 T Q.0 €7%.7 I5 128 15 o o TH TO €72 1
5329 P17 ST 148 AvE 1 L1308 ] €757 o.6 £73.7T 20 23p 2a O o TH TO ET2.1
530 15T 37 V18 AVE 2 L2 13 3 675 .8 G0 ET5.1 21 11% 27 o a T™H O £7t £
53Xt F3T ST 118 AYE ] AT ETL .8 0.9 £71.6 Z§ 144 25 © O TH YO &70. 4
537 1E7 3Y 118 AVE - €310 §TE 2 [ -] ET3I. 8 21 [ 2 © -3 TH YD $72.1
$32 117 ST 138 AVE 5 s40 .7 ET5.4 o.0 €73.4 21 74 27T 32 2r TH TO &7T1.%
s34 142 ST 104 AVE 3 LR -1 $ES .1 0.0 GEA. 8 26 TE LI -4 -] 1#¥ YD &60.5
535 141 S 104 AvVE 2 [l ) 8% .1 Q.0 BE4 .9 ta 27 25 2 [} TH TO S60 .1
s36 142 57 1cd4 AvVE 3 [ 3 LT 0.0 &€3.2 18 r70 2% O oYM Ta €53 .9
517 112 £Y 130 A¥VE L ] 85 .5 LI BN 1 0.0 €81 .2 16 172 a7 a o TH TO &4%97.7
" s34 112 ST 1310 AvE ¥ SL8 . % 81,6 o.0 ET&.1 17 ap2 53 o Q9 TH TG €72y, 7¥
= 5318 113 57 1310 aveE 10 cLs 1 B8l .2 o.¢ 680 .7 7 o 28 o © TH TO RTE .V
5 $40 $7 ST 127 AVE 3 &6% .2 5852 0.0 €63 .7 % sag 30 aq 9 tH TO E852. 2
L
.
o
< L LR #Y BY 13F AVE ¥ [ 1100 S T3 e ] .0 FLF ¥ e I5F  ¥% & & Ym Y& tEE
b4 54} P ST 12E AVE ] [ X T ) [ LR o.0 £%1.4 17 390 431 B o fH TO Eas 1
" 4D $T 5T 138 AVE 11 £§%0. 3 L1 7 I | 0.0 E66.1 30 o 2% -3 [~ Ty TO k4§ ©
= LY} 112 ST 124 ave 1 k84 o TN 0.0 £76.7 18 o so o o TH TD €75.0
4% 112 ST 12¢ Ave 2 ‘81 . 0 £Ta. T e.0 76,7 17 o 19 -] =] TH YO §76.C
A% 197 st 123 AveE 1 7.5 £61 . a 8.0 £S5 3 15 £S5t 26 0 O TH YO E5&.3
547 te7 5T 3123 &vE 2 £67 .8 661,11 8.0 BEO0 .5 18 270 kL] o 9 TR TQ K587
548 104 ST 24 AVE 1 Lko0 , 4 £y .8 o.v £3a.) 3 Y2 o © © TH YD 67% &
549 #7 5T 175 aveE 3 EET. 1 EEY .7 oo €58 . % 15 13% hel o Q TE TO E58 . 4
554 17T ST 128 aAve 5 SETY .+ £61.4 -] B8 .6 14 170 © 42 1&2 TH TO £52.3
55 ]
552 .
5% ADDRESS BORE CROUND YOP Y11 80T TILL SAMPLE MC Qi N L "L COMHENTS
554 HoLE  ElEY ELEY ELEY ELEV (%} KPa th1 orxl
545
L3 4T 5T 1320 AVE 5 561, ¢ $5% ¢ .o &8a.1 17 107V ¢ [ o TK TO &54 &
557 2T ST 123 ave 11 €86 . % &R2. 8 a0 E$7.5 3a 2 o o ° TH YO 6857 %
538 3T ST 123 AVE it €EE. 5 E£2.8 9.0 £60.7 12 o 34 o [+] TH TE &§57.2
L 31 107 St 120 aAve 1 S8t £ra % 6.0 £71 .0 ta o =% = o TH Ta £F1.3
ERD T 120 ave 1 [ L 2P | §E2. 0 0.0 E8G .2 18 o LR (] ° TH T0 &%8 . 4
S8 5T 314 AVE + £5E .o 811 0.0 $§0.2 22 230 1% @ o TK TOD &S5&
682 5Y 118 AVE H L1 ] 61,1 -3 EE¥.8 23 114 15 O © TH TO a%¢. %
81 AT 118 ave 2 LL L] L1 a9 S§5F.% 1Y S36 33 o o Tk YO 3% &
1 1Y 2T 117 AvE 1 £62.8 EKY. % o.0 %% .3 1Y ° 42 a a THK TO 853, 8
S5 IT 117 AVE 2 LEE I ] EEY. & 0.0 EE5.9 13 o Ao o © TH Yo &£%8.12
[ 11} ET t31 AVE F 83,2 60, % e.0 £E9.3 1% 210 xt o Q
&7 T 131 AVE 1 L LLY 2 J o, ca7 . 7 1a (-] 20 -3 ]
%52 ST 131 AVE L] 8%y, 7 tas 0.0 CAd T I8 108 < o Q
1 21 Y 131 ave 1 £51.7 4.0 o0 §33.3 & 1M o o ]
L 1) 2T 131 AvE 13 o6, T LX S W ] e.0 €32.2 t§ ZaAY -3 -] -]
=T BT 131 AVE T LX S | t46_ 2 .0 $34.08 15 L] 2 e o
®T2 21 13t AVE H &a 2 t48.3 .0 §3%.4 5 Iea ] o <
BT} £Y 129 AVE H 62,0 G4 7 6.0 ELE . Kk 1S 440 o o o
T4 ET 13¢ AVE 1 %2 .6 48,8 [LL % | san. 8 20 -] 17 e o
ETs Y 127 AvVE 1 [ 1% . ] L1 I ] 9.0 5&§3.8 31 (13 L] o )
7e £T 134 AvE 2 47. % 584 2 o.0 5£2.9 3 77 ¢ o @
£y Y 128 AVE T LA R *%3 2 v.0 4.7 3T i o o 0
4 ST tIF AVE + 674 6£2 2 ¢.0 401 2% t2a o o© °
571 $T 128 AVE 1 LI T3 | 63 2 ¢. 0 ES52.6 3% Ak LI L]
sad $T 121 ave T L3 I 54 1 0.0 £%%.4 75 tai 6 o Q
L Y] £T 173 AVE 3 1 T3 L2 TR 0.0 €541 17 134 o a L]
583 ST 14 AVE 1 LD | £%1.0 0.0 48 1 1% o 431 o )
481 £T 158 AYE F $50 O Eay .9 0.0 f48.0 16 o3 4z a L}
544 St 170 aveE ] E59 .4 851 .Y 0.0 €49 1 16 330 35 0O [
sas ST 121 AYE . 58 . 0O 6§51 .9 a. 0 €50 T 47 1IC 20 © o
S3& ST 1p4 AvE 5 EEW .5 6§56 .1 0.0 E5% 1 312 Y3 13 o °
58T 51 124 avE 5 £5% .5 ES5E 1 0.0 £%2 1| E5 t1§ 27 © ¢ TH 1D fa1
588 57 176 ave 5 €549 .85 £53 1 L} EX0. %5 1¢ 758 37 © [
L) St 126 AvE [ £5% .5 65237 .o E4AL . 3 t7 13¢ 315 © 0 TH TO B4% O
530 $Y 177 AVE 7 Esa %3 .2 c.0 Ead ) 3 ¢ 19 o O TH TO 647 7
XNt 50 ST 118 AVE 5 LA TN | BADI R oo 41 1 5 ¢ 35 © ¢ TH TO &40 o
592 &5 SY (1% AYE to L 22 0 ] £52.2 Q.0 E4s 3 1% (<] 15 o & TH TO €48 3
132 % £T 72 AVE 1) €58 .o ta5 1 .0 E45 8 g o 431 o O TH YO §42 #
sva 1 BT 118 AVE ' &85 2 [ 0.9 4% ¥ 7g 0 20 o L]
s T4 ST 11T AVE t §53 ¢ 5437 o.0 E36.3 1t 3% a2 o o
[ 2 11 IE ST 137 AVYE T €83 o w41 1 .0 EY¥p. .3 72 © 23 o <
[ X8 22 5T t24 AVE v 646 .3 (ST 0.0 $34.3 8 28T %% o © TH 1O €23 ¥
el 22 ST 128 AYE 2 tag 3 €37 0.0 410.2 15 T4+ 24 o @
s 22 ST 306 AYE 3 $41 a [ 3 Fat £313.2 78 T 363 2s o )
€00 21 57 133 AvVE 4 CAE . ¢ 4a3 3z Q.o 42 L o 7 o @ TH O $£24 2



[T TEETT T FYOVIY EV ) & [ €YY YTV OF6 9 6 YW Yo R U T
[X-} 10 St 124 RVE ' [T 6435 @ 0@ £4) ¢ i1 zar 19 © & T 10 Bia O
§6X 30 ST 128 aveE 2 601 3 4% ¢ .0 B40.0 1T 245 24 O o TR TO BIX 7
o 10 ST 1z8 AvE z [XR (X3 v.0 £35 .8 139 S 22 @ O Th 1D 611 .2
£0% 34 ST 17% avE ' E4T 5 £37T % 0.0 38 .3 22 a 5 o o
606 1
807
o ADGRESS BORE CROUND TOP TiLL BOT T1iL SAMALE MC QU W Lt PiL  CDMHENTS
€09 AOLE ELgvw ELEY ELEw ELEY th KPA LR I ]
€10
E1 Ae 5T 175 Ave 1 642 & 637 % 0.0 €34 & ve & L ] L
£12 I ST 120 avE . £51 & L2 ] v.0 £50.4 26 I6X 314 © [
613 tiE ST t50 AvEe 1 £7T .8 €71 3 0.0 €32 .% 27 134 [ a
t1a 118 ST 1S3 AvE 1 79 4 6714 8 0.0 £74.1 74 t91 15 0O [
61 P11 ST ES? avE 1 €716 1 51 21 0.0 §71.5 20 1712 11 @ o
616 13 ST 152 ave 2 £717 3 £13.9 9.0 E¥Z.0 19 124 17 o ]
617 116 3T v82 Ave t 674 % €T .9 o.0 3.2 1% 148 150 3
6te P16 ST 152 ave 2 €711 & £11.3 0.0 €77 .4 21 18+ 13 o ]
613 P21 ST 14S AYE ' 6T7.% tra 8 [} $71. 6 3t 195 11 o °
i 620 12t ST 147 ave 2 £T5 & £7% .7 6.0 1A .5 28 & 21 o o
[ 521 123 5T 147 ave 3 T b E75 . - T4 8 17 0 17 ¢ o
: 672 123 $Y 148 AVE 4 cve 1 £ . 0.0 €75 .1 40 %7 L] L]
[ X3} 121 51 St aveE 5 TR 6§76 . a c. o £74.8 22 9 t3 o o
[+ 122 57 1%0 aveE [ [ 31 [ £ 3] 0.0 €75 .4 23 o 1 0 o
2% 123 $Y 151 avE 7 £80 & €77 .0 c.0 76 .4 21 8% 5 o o
- €24 V21 5T 1%2 avE a 680 .0 £7s .7 o.0 TS .Y 237 -] L] -} o
N 527 121 $3 443 AvE v £77.3 €71 .7 0.0 £71.1 18 261 18 © o
628 121 5T 143 ave 2 €77.0 £72. ¢ 0.0 §72.3 I3 157 10 o ]
£29 127 ST 137 pve ¥ 5718 [ F 3 68 4 £10.68 © o ¥ o O SS5C 6&8 2 TO 667 .6
630 VZ7 ST 183 AYE 14 €$0. % £§78 .7 ¢.0 £E7T:.2 & o 18 o [
e31 118 %7 &% ave I 57T.3 ET3. -] $£T72.4 23 23 13 L ©
5312 18 571 145 avE F €T77.2 €721 S0 §72.% R0 27y FL ] o
32 142 ST 137 AVE t K8z 7 6788 £71.% ET6.% 1% I78 It o [
534 142 ST 137 AvVE 1 eE2.1 6748 & €73 & €76.3 1% za2 34 0 ]
[ %31 Y42 5T EXS AVE 2 LY N £1Y.0 €T 0 £76 .1 1% 225 a8 o o
L 11 142 ST 13& AVE 3 E81.3 76 .6 e€r2.7 $73.% 23 2%% t4 o -]
[ 142 ST t3a AVE A s81.13 76§ €T3, 1 E¥T .8 20 12y 16 ° L]
s$3e 142 £Y 133 AVE L] £3t.2 5163 ET2.8 E75.3 20 20t 20 o o %3¢ £72.%5 YO €71.4%
[ 33 ] 142 ST t33 AVE 4 s81.2 €76 .2 $T2.% +¥3.8 13 7%} 22 o 1o
40 149 ST 13a& AvE T L I $12. % c.0 £€70.3 T 232 L1 o o
LR} 14% 5T 37 AvE 0 Y8 .3 BTO.& £65 .8 %8.1 18 o 1% o (=]
542 117 ST 13T aveE t ETR. Y *«7X.2 ¢.Q §TT.Y 2% E2 Y o o
643 $17 ST 137 AYE 2 £16.7 £T73.3 ¢.0 £70.3 3a o 2 -] -]
£44 117 ST 137 AVE 3 ETH & T2, 4 e.o $69 .6 V& VE2 23 L] ©
45 EtT ST 137 AVE a 767 §T2 .4 e.0 £T11.8 12 (11 15 -] L]
4486 T1T ST 137 ave 13 ETS .Y T2, 0 L.0 ®TF2.1 38 13 -] & o
LTS 85 37 15C¢ AVE 2 €718 .2 €77, 0 6.0 §¥6.0 Tt 142 e @ o
[TFY £EB 5T 150 AVE 3 TR .2 £71.3 0.0 €76 .,0 13 so? o o o
649 88 57 150 Ave 4 €77.2 €78 .7 0.0 €T85.1 27 1%3 6 o L)
6%0 28 5T 150 AVE 5 676 . 4 [ F 3 1 0.0 E74.% 23 210 @ o o
651 27 51 151 AVE H E¥7T.0 ET4. 8 0.0 €T3.0 27 [} $ o ©
652 37 ST 183 AVE 2 EYT. O ET4 & 0.9 e¥t. 8 22 -] 22 34 I
E5X 87 57 153 A4vVE 5 ETE .4 L3 I o.H &0 % [+ -] 16 L] (]
54 9% 5T 1583 AVE T 5676 .7 ET3.9 0.0 E¥X. 4 22 (] 1% o L3
[ 53] 1H3 ST 1855 &avg L] 6TA . & £7T4 .2 ¢.0 473.0 70 23X8 27 o -}
£55 113 57T (%5 AVE 1 E7b.% K74 2 G.a 71,8 t7 © 43 o ©
[ 3% S¥31 5Y 1585 AvVE 2 67T .3 £731.8 ¢.0 £T2.7 18 Z%& 28 o Q
- 658 T13 $Y t55 AVE z? Y700 E¥3 .8 0.0 ET1.2 V¢ o a4 o [
= L 59 96 S5V F3% AVE 1 BY2 .4 $E63 . & ¢.0 $65 .1 1% o 43 o o
E 650 $6 IT 1235 ave ? £72.4 LA L) o.0 65 .Y 6 -] 53 L o
<
2
b (1X] T
g 52
- EEd ADDRESS BORE CKQUWD TOP TILL #0T TILL SAMPLE Mo ou L3 L L COMMENTS
5 L3 B HOLE ELEY ELEY ELEY ELEY 13 kPa i%) 4%
E6%
[ 2313 #8 ST 135 AVE 3 £ET2.0 LL3 I ] -39 -} EHE.% 17 & 56 o L
K57 $4 3Y 137 AVE a €57.2 EES .t ] CE3.6 1% ¥y 4B 28 1A
EES 64 3T 137 AYE 5 -2 2 S63. 9 Q.0 SEY.S 1% o T2 o o
569 T4 5T 13I8 AVE 2 se5 7 [ Y 0.0 $81.5 22 e 1f 9 o
£l0 41 ST 131 AYE 13 E42 _ 1 636 . § o.o €340 16 ¥32 25 ¢ o
571 41 ST 13t AavE 1% 647 & 635 .6 0.0 £32.6 1€ 327 26 O o
6372 41 ST 131 AvE 13 [T ¥ ) 5368 0.0 $30.9 18 132 1B o o
€73 42 ST 13t AVE 14 €43 .4 £38.3 0.0 £37T.3 16 226 18 0 @
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