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ABSTRACT

’Glacial deposiés, consisting mainly of till and giacio?
lacustrine depositsvindicate th{eeKOr.possibly four major ice
- advances. The Firét Glacial Event is inferred from fragmentary
evidence of a possible Rocky“Mountain till and associated glaciol
‘lacustriné deposit, preserved within the ancient Calgary Valley
drainaée system. The other three glacial.events a:é associated
with the advance of Laurentide ice. The Second Glacial Event
is represented by widespread till deposits preserved on upland
areas around Calgéry as well as in the ancient Calgary Valley.'
Recession of fYhis glacgier ice sheef resulted in deposition of
the Indus till and Indds silt and clay. The Third Glacial Event
was also quite widespread and involved coalescence of Roéky
Mountain and Lauréntide ice. Damming of the Calgary Valley
résulted in the.formation of numerous glacial lakes which
‘drained Southward as représgnted by position and elevation of
meltwqfer channels and the presence of delt; lobes. The Bedding-
ton #ill and)Beddington éilt and clay wegs.deposited during this
episode. The Fourth Glacial Event, alsoc from an eastern sodfce,
was shq;f,iived. Dépbsits associated with this advance are
thin, except where they infilied pre-existing drainage channels.

DeWinton till aﬁa.DeWinton silt and clay were deposited during
. - - A - ‘; - )

A

this last episode. K

Elucidation of the Pleistocene stratigraphy of the Calgary.“
area has been aided by é newly developed subsurface tedhnique
for till differentiation and correlation. The liquid limit
%arameter uhiquély identifies four tills, one Eor each glaéial

event.
v
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CHAPTER I

INTRODUCTION

© Study Objectives

[}

/

‘General Statement B
Ve
‘Many,attemgfs have been made over the last twenty years

ﬁo decipher the élacial history of the Calgary‘érea. The .
glacial deposits of this area a;g;é.complek assemblage of
sediments derived from~both~Cordilléran and Keewé£in ice
sheé£s. This complexity resu;ts either from;incorporation
of debris of;§ P;evibus advance by a Subsequent-advance, or
from mixing of;both wéstérn and eastefn‘ice &here coaiéscencé

has occurred; or from fhterbeddingyof deposité where glacier

fronts have oscillated.

‘A fundamentai assumption haé Segn tﬁét all crystalliﬂé
igneops énd high grade metémorphic ;ocks found iﬂ the drift
wete deriﬁéd from the Canadian Shield agd‘that all carbbnate,
qgaftzite,‘chert and volcanic rocks'fouﬂd in.the drift were
derived from £hé Cordillera. 1In view of thé.possiple ﬁixing
mechanisms‘previously menﬁioned} the issue of jﬁst how many
'Shieié;typelgtohes are required to cbnstitute an Eastern source;
has neveflbeen reéolvéd. I£ would aépear that pgrameteﬁé_sﬁch
as pebble lithology would-only be indicative for the first

advance.



Y

The mixiné has imposed limitations on the classical
techniques of till differentiation and correlation. For
example, Rutter (1965), - in his study on the surficiaf”geol-
ogy of the Banff area, qoncluded that till sheets could not
be dlfferentlated on lithologic characterlstlcs. As a result,
reliance was placed on geomorphic criteria a;d the relation-
ship between tills and other glacial deposits in deciphering
lthe stratigraphy. Similarly, Boydell.(l972), in his study on
the surficial geology of the Rocky Moontaia—House area, states;
"It is concluded that although the heavy minerals support the -
gross dlfferentlatlon achieved by the pebble counts, the es-
tabllshlng of relative ages by laboratory analys1s will not

- add 51gn1frcantly to the evidence prov1ded by-the morphologlcal

and stratigraphic studies."”

Within the immediate Calgaryé?rea, Tharin (1960) postu-
lated two major advances, while Mbrgan (1966) and Glendlnnlng
(1973) found only one. Yet all three workers used essen-

tlally the same cla551cal till differentiation techniques on

~the same dep051ts
Objectives7»/' A

In. v1ew of the apparent shortcomlngs of the classical

tlll dlffErentlatlon techniques 1n certain areas, it was

decxded tojexperlment with a new pethod.

/

A , , .
To this end, the study addresses the following objec-

tives:



- to attempt till differentiation and correLa%ion
utilizing the concept of iiquié limits;

- éo apply this new techniquz to a comglex stratigraphic
area, suéh as‘Calgary, in order to evaluate its use-

fulneSS_iﬁ'eludicating the glacial history of an area.

Location of .Study Area

-

The study area is situated near the City ofkcgfgary in

' Southern Alberta (Figh:e 1-1). This study is part of a larger

study being condqgted by the Research.Couﬂgiiqof Alberta on
the urban geology of the Calgary area. The study area is
covered by Townships 21 to 26, Ranges 28 and 29, West of the

Fourth Meridian and Rangés 1 to 4, West of the Fifth Meridian.

The area is covered by the following 1:50,000 National .
Topbgraphic System maps which have been uéed as base maps for

this project:

82 - 0/1 Calgary
82 - J/16 Priddis
82 - P/4 Dalroy

82 I)l3‘v Daiemead.

General Physiography - o ', i

qu purposes of discussion, the Calgary area is divided
into geomorphic elements on the basis of topbgraﬁhic expres~
sion. The study area is found within two physiographic re-

gions; the plains to the east and the foothills to the west.



Figureil-l

Regional Map



The western half |of the area is characterized by prominent,
A R S ) .

bedrock controlled uplands which are refferd to as Big Hill - -

Nose Hill, Cairn Hill, Copithorne - Towers Riage, and Pine

i ’ J
Ridge. - All of these upland features lie above an elevation

of 4,000 feet a.s.l. (Figure 1-2).

The Big Hill - Nose Hill complex trends northwest -
southeast and covers much of Twp. 25, Rge. 2, and Twp. 26,
‘Rge. 3. | 1

=
Prominent in the vicinity of the City of Calgary is the

large, flat-topped Cairn Hill, which sepérates the Bow and

Elbow Riﬁé; Valleys -at the western edée of the city.

Commencement of the foothills region is marked by the
Copithorne - Towers Ridge'complex wﬁiéh occupies most of the
@Dwestern eédge of the stdy area from south.of Cochrane to
Millarville. This extensive -upland areé@covérs TWps. 21 - 25,

Rge. 4, W5M.

Pine Ridge, trending northwest - southeast, is separated
‘frqm'the COpitho}ne - Towers Ridge complex in the southern
"part of the study area by a flaf lowlénd referred to as the
Priadis Lowland. This lowland slopes northward from anf
'elevation,of 3,897 feet near Threepoint Creek to an elevation

of 3,788 feet just north of Priddik.

* Two other prominent upland areas also warrant mention.

'High Butte, located within the .Camp Sarcee Military Reserve

z

(Twp.'iS, Rge. 2, W5M) rises to about 3,900 feet a.s.l. and
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Figure 1-2 Physiographic Features
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separates the Elbow River and Fish Creek Valleys. To the
north of Calgary in Twp. 26, Rge. 29, W4M, there occurs a
‘'series of elongated ridges.trending northeast - southwest that

rise to an elevation of about 3,600 feet. This topographic

feature is called The Sharp Hills.

The eastern half of the area is rolling prairie with a
regional slope down to the east. Much of this area is a
gently rolling to undulating plain with numerous intermittent

sloughs generating a deranged drainage pattern.

One other distinctive feature is the hummocky topography
and deranged drainage found on top of the Big Hill - Nose =

Hill ridge.

Two major rivers) the Bow and Elbow, flow east across
the aréa. In additibn,ﬂFish qteek,isifouna in the soutﬁwest
cornexr of the ﬁap area, and.Beddingténwénd Nose Creeks occupy
prominent,.well-defined glacial meltwater Ehannels north of
Calgéry.

Review o0f Previous Research

Zae

Stratigraphic Studies ihffﬁé?Calgary Area

P [
ce e

A number of studies have féen conducted-witﬂin the

Calgary area which are of imp§ tance to the present study.
These include: Tharin (19605, Morgan (1966), Rutter and

Wyder (1969), Glendinning (1973), and Jackson (1977).

Al .

Tharin (1960) found evide ce for two major glacial
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advances. Thé first advance (Spy Hill), from the west, depo-
sitéd outwash debris down the regional slope to the east and

- northeast. This‘outwash was_subsequently incorporated in
advancing eastern ice (Lochend). The second major advance,
from the west, (Morley ice) extended east only to the Jumping
Pound River and left the northwé;t trending Spy Hill ridge
unglaciateq; From the north, a deflected lobe of,icg?(Balzac)
brought the Foothills Erratics Train (Stalker, 1956), into the

Calgary area contemporaneous with rejadvance of eastern ice
" ]

(Crossfield).

3

k-4
(=

Morgan (1336) poétulated a>single advance incorporating
western ice, Erratics Train ice, and eastern ice with Erratics
Train ice representing the zone of mixing between the other
twa. Stagnation of the méin flow of E;ratic;‘Tfain ice was
linked with evidence from Glacial Lake Calgary andia556Gia£éd
meltwater channel deposits to show that the lake followed the
ice-front as the. ice-front receded eastward. Morgan also

- bl
fognd evidence for a western till in the Burns Channel which

-|prq-dated the deposition of the overlying Erratics Train ice.

Glendinﬁiné‘(1973), following Morgan, postulated a syn-
chronous yes;ern,iée (Till AJ, a mixed zbne (Till B), amd an
eastern ice. Glendinning-extended\Morgan's work southward
into the Bragg Creek, Priddis Creek and Lloyd Lake area whexge

he deciphered the deglaciation of Lake Calgary.

A'feu§tb study, by Rutter and Wyder (1969), involved the

drilling-of 19 boreholes in the City of Calgary. Although

’
1
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the chief purpose of their report was to evaluate the use-
fulness and limitations of borehole s;ratigraphic‘techniques,
they also provided data on possible new stratigraphichela—
tionéhips previously leftﬁunanswered by surface mapping tqph-

niques.

Jackson (l§77) found evidence for four-glaciations in the
Alberta pértion of the Kananaskis Lakes mép sheet (82 J), éwo
of which involved the Priddis map sheet (82 J/16). The oldest
of these involved the coalescence ?f Bow Valley Till from the
west with mixed western-eastern Erratics Train Till. The . —
latest glaciation involved an advanceyof Fhe Laurentide ice
sheet that blocked the Bow River Valley and caused depositioﬁ

-,

of the glaciolacustrine Midhapore-silts and Clays.
Engineering Studies of Till

A number of studies'Sn engineéring proberties of tills
have been undertaken in the last twenty years by civil en;
gineers. The bulk of the reseaéch workchas been directed to-
ward cléssifying tills in terms of their engineering pro?erty s "
behaviour rather than for till éi@fefentiation. However,*
albeit indirecély, these studies have indicated that till
differenﬁiation is possible using such parameters as patural

moisture content, shear strength, Atterberg Limits, com-

‘pressibility characteristics and grain size distribution.

Rominger and Rdtledge (1952) used soil mechanics data
in the'corrélation and interpretation of Glacial Lake Agassiz

\Jf‘ - ’
sediments. They successfully used the concept of
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preconsolidation stress to identify three old drying-out

surfaces within the “Lake Agassiz clay. Previously, the glacio-

=

lacustrine deposits were thought to have been formed dufing a

single depositional stage pf glaéial Lake Agassiz.

Misiaszek (1960) and Peck and Reed (1960), in their

1

study on Chicago subsoiis, concluded that contacts between
. .

Jtill sheets could no;maf&y be located by conspicuous changes
r‘ - ! .

’

in natural moisture content.
b , . ! e

Chryss&foboglos (1963), employing‘étfatiéraphic tech-
niques, invesgigated a number of tills from moraines éu;roun-
ding Lake Michigan. He used partiélé'size distrigution, par—
ticularly those sieve sizes at which 80, 66, and 40:percent

by weight was‘passing,“togéther with the minus 200 fraction. |

14

Chryssafopoulos actualiy was concerned wigp”identifyiﬂg tills‘

rather than wifﬁ classifying them for engineering purposes. \
The tills were alluclayey and it was found ﬁhét the data from /
the minus 200 sieve fraction was sufficicnt‘to,distinguish /

the various tills.: His analysis confirms that tills do not

<.

{andomlylvary in particle_size(iiifiggution, but conform to a
. & i ‘ s \I

reasonably predictable pattern for any given ice sheet.

\ MacDonald and Sauer (IQ;O), in their study on engineering
properties of tills in the Saskatoon area, successfully,éepara—

ted the Battleford, Floral and Sutherland Tills on ‘the basis
' _ i , -
~of Atterberg limits and grain size analyses.

' £
on tills in Scotland, ‘used

4

3

: .
McGown (¥971), in his study

{

.o»
-

® , L4
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.an approach siﬁilar‘tomthat of Chryseafdpoblos. McGown used
i ‘the fine soil fraction to classify tills for englneer;ng pur-
poses. He discovered that when the blmodal size distribution
oftillewas split into two, the fine fraction showed a high

degree of conformity within tills derived from the same parent

rock type and with similar glacial histories.

Fookes et e1”(1975), during their engineeging geology
study for the Hartlepool "A" Power'Station in England, ideﬂ;
tified a lower, middle and upper till separated by f -
glacial or glaciolaeustrine_depositsL No data wag—gzgg?:ed

~on the lewer till; however, the middle and ‘upper tills were
distinguisﬁed bystheir moisture content and liquié 1imits.
The middle till had a mqisture content of 10 to 16. percent
and a liquid limit range of.27ltot40 perceﬁt, while the upper
till had a moisture content of 19 to;25 percent and a liquid

v

limit range of 36 tg 53 -percent.
e
Edil et al (1977), in their study of tills along the Lake
Michigan shoreline,~ identified a lower, middle agd upper till
.separated by glaciolacustrine or deltaic deposits. The lower
till was non plastic with a natural m01sture content of 4.8
percent. The liquid limit of the middle tlll.averaged 24.3

percent and the natural moisture content 15.6 pefcent whereas

the uppér'tili had 30.5 and 17.2 percent, respectively.

In\general, geologists have provided the strétigraphic
framework of the tills and the engihéeringfdiscip;ine has

attempted to categorize' till properties within that
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pre—established frameWork. The independent studies have in

_ fact reinforced one another with respect to till differentia-

tion. To the author's knowledge, no attempt has been made to

actually use engineering pr0pert1es to produé¢e the strati-

graphic framework.

Method of Investigation

Borehole Program

The present study is 1imited‘to a subsurface analysis of
till units. Data for this research work was derived from 301
test holes drilled on behalf of the Research Council of Alberta

during the summers of 1974 through to 1978. Of the 301 test

" holes, 132 were chosen for detailed analyses, because of pre-

"sence of multiple tills or of thick sections of till. Bag

samples were taken at 3 to 5 foot intervals in most of the

test holes.

The locatlons of the test holes used 1n thls study are

indicated on Figures 1-3 and 1-6.

Laboratory Program . L. A .

The object of the laboratory program was to evaiuatejthe
usefulness of the liquid limit parameter to differentiate

tills. The liquid limit test was conducted on all till

samples ahd some glaciolacustrine, fluvioglacial and bedrock

samples. To evaluate the usefulness of the liqpid/limit

parameter for differentiating tills, cher physicalvpr0perties
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A
\\\%irgins, morainal ridges and ice marginal channels.

13.

~such as: texture, natural moisture content, carbonate con-
o

v . N O B .
tent and percentage of igneous - metamorphic grains within
the coarse sand fraction, were chosen to provide an indepen-

dent check. Alberta Research also determined the clay i

.mineralogy of some samples. However, as this property can be’

expected to relate to the liquid limit, it is not an ind?pen—

dent measure of the usefulness of the liquid limit technique.

Other Studies

.+ Additignal data came from analysis of air photographs
. .
and topographic maps. The air photo work was undertaken on

~1:31680 photos flown in 1974 and 1:80,000 photos flown in

1970. It was used chiefly to assist in identifying vaxious -

till advances and/or retreatal stages By@determining ice



CHAPTER 11

RESEARCH METHODS

Introduction

Dufﬁng the "1974 to 1978 dfilling seasons, samples were
collected rigorously at 3 to 5 foot intervals. The vast
majority of the test holes were drilled by using the ary auger
method, the others, by the rotary method. With the latter,
both cutting and sidewall core samples were rétrieved for

laboratory analysis.

The major emphasis in the laboratory program was the
measurement_of the liquid limit'df virtually all till samples.
Five other parameters were analyzed to confirm or réfedt’the*
ability of the liquid limit to differentiate tills. These
parameters are: texture, natural moisture congent, perqént\‘“ﬁ\
of igneous-metamorphic fragments, ca;bonate content and clay
mineralogy. - To vérify the potential of thg;liquid limit .
techniqﬁe, i; is necéssary to use other.physical parameters
thch'are ;déally indépeﬁdep% of the liquid limit. In this
respect, the clay mineraioqy;is related to liquid limit and

‘therefore does not qualify.ag such’ a parameter.

P

‘Laboratory Methods

"Textural Analysis

~ .

" "A"60 - 70 gram sample and 50 ml of 4 percent €algon solu-
tion were placed dntowé'piastic'graduated beaker and diluted
‘with 300 ml of distilled water. The élurry was mixed for two

> ’ -
.-

14. B
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~ minutes by an electric mixer. The clay fraction was then
determlned by employlng Sto]es' Law. A tiﬁe was oalculated. ’ -
at which alil partlcles greater than 0.002 mm would have ﬁassed ;
a given point. For convenience, this point was equated to
one-third of the.volune Of‘solution. ‘The clay suspension was

siphoned off using a fine capillary tube and evaporated to

3

dryness. Assuming a uniform susgension,-the totalﬂweight of
clay would be three times the measured dry weight\since
exactly one-third of the volume was removed. The remainder
of the suspended materlal was passed through a #230 mesh sieve
(0.0625. mm) The materlal retained on the screen, after wet

51eV1ng, &epresented the sand fractlon. This method allowed

rapld determlnatlon of the relative prOportlons of sand, silt,

and clay. ThlS data has been expressed as the ratlo

J

. S_
M+C
where: S = percent sand
M = percent silt
« : C-éﬂpercent clay. %\\\

Textural analysis is the tripartite divisﬁon of the minus
2 mm fraction of material into sand (2.0 - 0.0625 mm),fsilt
(0.0625 - 0. 002 mm) apd clay (finer than 0.002 mm). Its use,

in the geologic 11terature, is based on the assumptlon that

! -

a glven deposit can be identified by the relatlve percentages

of each of these three end members. !

_ - The data for the S/ (M+C) ratio is tabulated on the various



stratigfaphic logs contained in the Appendix.

Natural Moisture Content

/

During the drilling of boreholes in the field, a
-sample was taken every five feet, trimﬁed, cle;ned and
placed in a piastié‘vial for natural moisture content deter-
'\mination.- An electrié-balance was‘available so £hat each
eyening all.thg vials cou;d be weighed. This process was:
adopted in‘hopes of red&%ing any moisture loss during pro-

samples were

L

longed transportation or storagq% Later, all
-Oven dried at 105° ¢ for 24 hours and the natural'mbisture

content ‘determined. |

This parameter has been found to be useful for differ-.
entiéting either between tillf or between till and other

" glacial deposits.

o

The hatuialtmbisturescontent data is tabﬁlated on the
various stratigraphic logs contained in the Appendix.

‘Igneous - Metamorphic Content

. S ‘ .
- A 50 to 100'gm sample of air dried till was lightly:

-

16.
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I

crushed amdlmaehed throogh a nested No. 18 and 35 sieve.
The material passlng the No. lB'eieve, but retained on the
o;vés sieve, represented the coarse sand fraction. lhe
sample was then drfed and point-cohnted for the percentage
of igoeous-metamorphic fragments usino a binocular mlcro-‘
Scope._ The percentage of Shield—typellithologies such as
granites, gneisses and‘sohists_hae been used extensively

“to distinguish between Continental and Cordilleran ice

sheets. . e

The igneous-metamorphic data ie tabulated on: the

various stratlgraphlc logs contalned in the Appendlx

D mrssa—

' Carbonate,Content
l“ - ’ g

‘.‘4
¥

The’total’carbonate content preSent’iﬁ the minus 200
(0. 074 mm) fractlon of the till samples ‘was determlned usxng

the Chittick Gasometrlc method as outlined by Drelmanls (1962)

The volume of carbon dlox1de evolved in the reactlon of an

approx1mate 1. 5 gram sample and 20 cc of 6N hydrochlorlc acid

was standardlzed to 22° Centlgrade and o atmosphere pressure,

then converted to grams of carbon dio 2 and expressed as

/

a calcium carbonate equivalent.



/

The calcium carbonate data is tabulated on sthe various

stratigraphic iogs contained in thé\Appendix.

Clay Mineraiogy'

¥

Tharin (1960), who studied the clay mineralogy of the
tills in the Calgary area, concluded that eastern tills had,
illite and montmorillonite in approximately equal émounts,

and western tills had an illite content three times that of
C

<

montmorillonite. The high montmorillonite-content is asso-
: - c

Il

ciated with Cretaceous bedrock éast'of“Ca1gary and it isf
almqs£ absent in the Terfiary bedrock underlying and;to_fhe
westbof Calgary. Sinéeltill is composed/of approximatély

80% loéql-bearock maferial,.ié'might be feasible‘to detéimine

eastern yéréus western tills on .the basis of the clay minera-

logic assemblage.,

18.

Using a semi-quantitative estimate obtained from relative

peakjheighﬁé, fill sampies were analyzed‘by'b. W;AScaf? of
"Alberta Research for pércentages qf_il}&te, kéolihiﬁe,;mont-
morilloni;e and thérite;’ The illite An montmorfilpnite
,\perCenta§e§ were used to generate the ratjo I/( +}5 where;

percent illite . .

. . . 3 o
percent montmorillonite. ) /
. . {

I

M

Data for clay ratio is tabulated on the various strati-

‘graphic logs contained in the Appendix.
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. Liquid Limit , 4

An air-dried sample of 100 - 200 grams (minus 40 mesh)

was mixed with distilled water to form a smooth paste and

'

_allowed to equilibrate for a minimum of 8 hours prior to pro-

cessihg. The liquid limit was determindd by measuring the
depth of penetration of a 60 gram;'GO degree cene into a small

mold filled with the soil paste accordlng to the method of

Hansbo (1957) In reality, this method measutes an undrained

‘shear strength which can be converted to a liquid limit value.

f

There are three advantages to using the falling cone method
of Hansbo. These are speed, elimination ofjoperator bias,

and derivation of value for sandy materials which usually

cannot be run using the Casagrande liguid limit device.

~

Hansbo (1957) gives a chart (Table II, page 45) show1ng
depth of cone penetratlon (h) versus shearlng re51stance (Tf)

From Elson's (in Norman, 1959) curve flttlng formula

N 0.10

" LL = . X Mc where N = the number of blows and Mc the

25

moisture content for'that number of blows. The LL determined
- : P ‘ :

-

‘from the Casagrande device may also be expressed as a shearing

resistance.

According to Scott (1963, page 23), the LL as measured
in the Casagrahde device corrESponds to a shearing stress of

about 20 - 30 gm/cmz. Assuming a value of 27 gm/cmzlas a



standard, the LL then corresponds to a shéarimg resistance of

0.297 t/mz.for the units used by Hansbo (1957). Therefore,
Tf

in Elson's equation above, 5% may be replaced by 6_537 to
. ' _ _Tf 0.10
give LL (cone) = T.297 x Mc.

where LL = liquid limit "

Tf

shearing resistance
, A

Mc = moisture content.

It was found that LL (cone) coﬁld‘be converted to LL

(Casagrande) Qy the following equation:
y = 0.7835 x + 6.9676

LL (cone)

where y

LL (Casagrande).

]

X

3

Derivation of.this,equati&% was based on 78 trials with
: .
a correlation coeefficient of 0.88.

The liguid limit data is tabulated on the various strati-

graphic logs contained in the Appendix.

a

20.



CHAPTER LII
1N

DISCUSSION OF LIQUID’LIMIT TECHNIQUE

i -

Definition of Liquid Limit
Atterberg Limits are inde properties used by geoz
technical engineers to classify soils. The limits are baseﬁ‘
on the concept that a soil can|exist in any one of* four .
states: solid, semi-solid, plastic and liquid; depending
B3

on the water content. The water contents, expressed as a

percentage,, at the boundaries between these stages are

called shrinkage limit, plastic limit and liquid limit,

respect ely.

From a geelogical point of view, soil mechanics proper-
ties can be subdivided into those that depend almost exclu-
sively on the source and depositional eﬁvironment of the soil
(prlmary) and those that depend ma‘nly on post-depositional
hlstory (secondary) of the deposits (Romlnger and Rutledge,

1952). v

' The primary prééefties consist of paramete;s such as
grain size distribution, Atterberg Limits, permeability and
compaction,characteristics, while properties like'natural
.moisture coptent, unconfined compressive'strength,,shea?
strenéth relations and cohsoiidation characteristics are
secopdarylin nature since they are affected by post-deposi~

tional loadigg history. 1In general, the primary properties

..J

are measured ‘in tests on completely disturbed or remoulded
soil samples, whereas the secondary propertles are determlned

from tests on undisturbed samples that essentially represent

21-'A
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natural or in-situ soil conditions.:

~

" The boundaries or "limits" at which the soils change

a

from one state to another are controlled by a number of inter-

v

related factors (Grim 1950,‘1953, 1962) and are summarized as
. - _ . . \

follows: ' -
X3

(1) kind and relative abundance of clay minerals;

(2) kind and relative abundance of non—c%ay minerals
' {

[
such as quartz or feldspar, in the less than 2
, B
micron range;

(3) grain size distribution of both clay and-non-clay
minerals; i
(4) amount and grain size of organic material; 3 :
: ki

(5) kind and abundance of exchangeable bases.

Considerable work has been done by Seed et al (1964a,
- : C -

1964b) dealing with the effect of clay mineralogy on the

., Atterberg Limits. Their research has been done on aftifi-
cially prepared miktures of quartz (less. than évﬁlcron frac;
£ion)'and commercially available pure clays. Seed et aiy

. have drawn the following conclusions from their work:

(1) liquid limits -increase with an increase- in clay

content; °

+

(2) 'liguid limits increase with a decrease in particle

size;

(3) 1liquid limits increase with an increase in organic

matter content;



"deposition may introduce considerable variation in these

23.

(4) 1liquid limits increase with an increase in cation

exchange éapacity.
¥
Nowak Hypothesis

Based on some earlier work with plastic and liquid

limits of tills, the author observed a remarkable consistency o

. inﬁliquid 1imits‘in contrast to the generally accepted hetero-

geneous nature of till. This led . to the postulation that

Atterberg “Limits hight uniguely define till advances. The
(2 '
theory was "supported, in part, albeit indirectly, by work

‘ published by Boulton and Papl'(1976).

[

Dreimanis and Vagners (1971) had demonstrated that the

mineralogy and grain sizedistribution of glacial debris was -

rélated ‘to its source rock and distance of transport. Many

) -

of the fundamental-geoteghnical attributes of glaéial till
are acquired dufing>£he erosional and transportation phases
in which initial miheralogy and grain size are determined.

Boulton and Paul (1976) studied a number of’tills of known

.origin at the margins of modern glaciers .and concluded "that

for debris in,tfanépdgi by any one glacier, the relationship ,

~e

between plasticity index ,(liquid limit minus plastic limit)

. [ . & . - /—/'\/ ’
and liquid limit is constant, but that subsequent modes of//' D
: g //\(_/\:

parameters"”.

- The Boulton and Paul data is illustrated in Figure 3yxl.

Data plotted for englacial debris or unaltered lodgemént till
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defined a straight 1ine ;gferred'to as the T-line. This
T-line primarily refleqﬁs ‘the n;tUre of the grain size
disfgibution wifh the percentage clay increasing along the
T-line from left to right. . Thé grain si;e changes which
occur in flow tills due'to‘sorting‘processes as well &s the

mixing of iodgement"tills with other subjacent sediments,

move points away from the T-line. ; g

~9It appears reasonable‘to %ssume that+*in the predominantly
COntinentaziglaciation of'thgﬁérairi; region, the liquid
limit approach to tilludiffeientiation should work since
post;dgpositional mdéificatio;s to predomihantly lngement-
typé till would\be limited to reworking of upper till boun-

daries with subsequent. glacial bdvanées.

THe following quotes from various authors tend to
support the hypothesis that'the liquid limit can be used to

uniquely define distinct Qlacial advances::

2 [e3
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Boulton and Paul (1976) p. 164

We would suggest that the Atterberg Limits
serve as good quantitative indicators of the
fundamental properties of the debris which

- .is-deposited as till.

Christiansen (1960) p. 26

In reference to Qu'Appelle Tills - Atterberg
Limits are the most suitable physical char-
acteristics for the description of the gross

" aspect of till.

o

Edil et al'(%977)

The glacial till deposited by a single ice
advance is usually found to be: relatlvelyw
uniform, with respect to its geologlc ‘char-
acteristics over a fairly large area, and
it is suggested that the same relationship
holds with respest to its geotechnlcal pro- -
pertles.

!

Shepps (1953) ‘ ,

1 .
Howéver, ‘it has been argued that the compara-
tive homogenelty of a till throughout a con-
51derable area implies thorough mixing and
hence long distance of travel, at least of the
firie fraction. | :

s i
et 7
i

White (1972) T .

Tills"vary greatly among themselves, but each
individual till sheet is more or less uniform
in 1ts properties over distance of miles.

Characteristics of a till sheet change slowly,
generally in a direction normal to ice motion.

Rominger and Rutledge (1952) p. 174

The relative values of the correlétion coeffi-
cients for the Grand Forks - Fargo data indicate
that natural moisture content and liquid limit
are the most valuable of the properties in stra-

. tigraphic correlation.
’ ¥

26.
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Supporting Data for Liquid Limit Technique

" General

The ability of fhe liquid limit techniqﬁe to identify’
distinct till units is.supporteé by other physical broperty
detefminations. theee'are: (a) s&fatigrabﬁic relationshibs,
(b) /pereent'igneous—metamofphic fragments, ({c) textural
anaf;sis, (d) . geophysical response, and (e) fabric analy-
sis. A

Stratigraphic relationships and percent igneous-

metamorphic fragments constitute the most 51gn1f1cant evidence

for till dlfferentlatlon by the lquld llmlt parameter.
Stratigraphic Relationships

Durin§ postulatidn of the liquid limitAdifferenfiatiqn-
correlation fechniqﬁe in 1974-75,4none of the test holes |
»d;illed aﬁ that time had encountered ahy convincing multiple
till sections. DUring the 1976 and 1977 drilling seasons,
this information becaﬁe available and serves as‘theemosg
powerful confirmation for the new theory.. Presenee of mul-
tiple ill sections has ehabled the establishment bf "key"
borehole sections.which can be used to trace the various tlll

'unlts over the study area.

Flgures 3-2 to 3- 4 reflect the four main tills encoun-»)
/

tered in the Calgary area. With the excepglon of test hole
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" Test Hole 76-87

LL

30.8
28.7
29.2
27.5
28.0

28.8

X_l
I

. 34.4
36.0
35.8 J
34.2 x = 35.9
37.9 -

37.3
32.1 - gravel influence?

L

Figure 3-2: Liquid limit till supported by stratigraphic
' position o
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78-9
) .LL
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. 35.9
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= 35.3
- 32.6
- 33.3 x = 34.4
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~ 33.0
[~ 34.3
— 3418 ,
- - 36.2
100 — 32.4
B 32.5
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Figure 3-3: ©Liquid limit tills supported by - S

stratigraphic position
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77-38

LL

32.1
30.2
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31.0
31.0 |
31.7 g . o ' .
29.7 | | :
32.2

31.0

»
[l

28.0 .
T 28.9 . x = 28.4
26.7

Figure 3-4: Liquid limit tills supported by
stratigraphic position .
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76~-87, the others show thick glacioiacustrine sediments

(2l
\,

(varying in thickness from 42 to §3Afeet) separating an uppen,
and lower till. Based on stratigraphic position and the liquid
limit values, four different tills can be approximated by the

values 18.3, 28.5, 31.5, and 35.5.

Percentage of Igneous-Metamorphic'Fragments

Within a given till seétion,(the percentage of igneous-
metamorphic fragwent shows a distinct/difference inyéontent
for the Varioué liquid limit till units. For e#ample,

Figure 3-5 iilustrétes a multiple till'section with 2'till.

~ units - 32.1 aﬁd 28.9. The correspbhding.igneéus—mefamorphic'
content‘also éhdws‘aﬁvery cbntréstingybreék of 25.5 vgrsus'
£.5 percent, respectively. A second example, Figure 3-6
illust:ates a similar contrast, butifor two tills in contact.

The upper till has a liquid limit (LL) of 32.7 .and an ignedué-

metamorphic (IM) content of 28.7 while the lower till has an’

R4
Vv

LL of 34.8 gnd an IM of 4.8.

_ ﬁhiie the'ighéous-metaﬁorphic content is ;sédéiatéd with,
a chahge in 1iquid liﬁit within a éiven borehoié, this rela-
tionship i; not so coﬁsistent frdﬁ borehble to.bofeﬁole. As -
an'example, Figure 3—7'illustrates a rafhé; inconsisten£
distribution of igneous-mefamérphic fragﬁents‘within the sahe

kY

till unit.
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1
LL M. o
32.7 27.
31.4 23.4 :
x = 32.1 25.5
- 29.8 4.4
e 27.9 6.5
100 —f , ) /
x = 28.9 5.5
5

Figure 3-5: quuld limit tills supported by 1gneous—
metamorphic content
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Figure 3-6: Li@uid limit tills supported by igneous-~
- metamorphic content
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An examination.of the IM content in various ;est holes
contained in the Appendix of‘this study indicates that it’ma§
be quite high or low for the same unit. However, in gehefal,'
this phemomena abpears“to be related to topographic cr;ﬁeria;
For tiil-3l.5, an averége IM‘content.of 1.7 and 0.6% iqipresent
in test holes 76-10€ and 75-14 which both/occu: in.uplénd.’

/

areas. The same till unit occurring as valley fill deposits

\

. contains 25.5 and 28.7 percént,,for_examéle, in’ test
76—74 and'76—76,\respectiyely. A‘similgr relationshilp occués
for till 35.5 with an IM value of l.6_pércent in the uéland
test hole of 77-45 as compared to 21.4 percent in the valley .
f£ill test hole of 76~37. .The variability in IM content |
_appears to be a function = the erosionél, transpo»ﬁational

and depositional mode of the ice sheet explained Jé follows.

For a continental glacier, the bulk Qf the material is trans-
porééd.;ﬁtthe basal position according to the Qlacier process
model of Clayton and Moran (1974), with decreasi g amounts'of‘ .
material upwa;dfwithin the .ice sheet. Aé'the glacier en-

counters upland and upland flank areas, local sheatring takes

in the

- place and local dEbris is added to the ice shee
intermediate or englacial position resulting in an'apparent

dilution of'previpus material. Tharin (1960) showed that

——

aréé were’/ﬁr
: . .

covered by extensive Cordilleran-type oftwash wh became

the uplaend and flank positions within the Calgar

incorporated in westward advancipg continental'i%e. It is

.
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interesting to note that while the igneous-metamorphic con-
tent can vary within the ice sheet as a function of elevation,

the liquid limit remains gquite consistent.
Textural Analysis

As indicated in the chapter on Researeh Methods, the
percentage of sand-silt-clay has been recorded as a ratio of
sand divided by s?lt-plus clayf In Qenefal, the higher the
ratio, the greater is the contributiop by the sand size frac-

tion, that is, the sandier is the till.

With respect to key multiple- till sections, the textural
analysis tends'to_suppeft the‘diffefence in till type as
determined by the liquid limit parameter. ‘Two multiple till -
sectlons separated by thick glac1olacustr1ne sedlments are
lshown in Figures 3-8 and 3-9. Note the excellent grogping
and distinct difference in S/ (M+C) ratio._ A similar case

with two tills in contact is shown in Figure 3-10.

. As is the case with thevigneous—metamorphie content,

[}

there is excellent differentiation between tills in the same

- test hole, but the cbnsistency is lost while tracing the same

till from test hole to test’hole. Continuity in unlts appears

to be supported only by the llquld limit in both the horlzon— '

tal and vertical dlrectlon of a till sheet.

y .
~
. \:"/
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Geophysical Response

Geophysical logging, in particular the gamma ray log,
effectively supports the usecgf,the llquid.linit parameter
for till correlation. Although geophysical logging has ex-
cellent potential for differentiating subsurface units, it

is not used in the Quaﬁernary field. Success to date has

d

been made with other logs, partlogaarly'thespontaneous po-
tential and slngle point resistance logs by Christiansen's

'work with the Saskatchewan Research Council.
. : "\

The natural gamma log is used to distinguish between
sand and clay material. In general, the log pattern swings
. to the left for granular materials and to the rlght with

1ncrea51ng clay. content.. The natural gamma log is very

optacts betweeh units and whether
; : N '
or not those contacts are s

accurate in determining
rp or gradational. Dyck 11971)
states "Properly/used boreho e logs prov1de the best geo-
—sltu small dlfferences in

physical technique to detect

physical-properties"

Flgure 3- ll illustrates an application of Dyck's state-

,ment to a till as recorded by a natural gamma log run by

Alberta Environﬂent. The figure is a longitudinal section ’
R € -

through a buried valleytsouth‘of Indus. Note the extremely

consistent log response pattern acroes the three test holes
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with the exception of a sand lens at 77-26. The -~trati-
.graphic profile, from top to bottom, is till, gravel, and
bedrock.

-

Examination of the till units in the stratigraphic pro-

files of Test Holes 77-25, 77-29 and 77-26 shows a very con-

sistent tili agﬁreflected by the.liquid limit parameter. In
Test*Hble 77-25, the unit is slightly éandier in thevupéer
‘48 feet. Thié is ¥epresent§d by a él}ght swing to the left
on ‘the gaﬁma log_énd by liqqid limits in the_ﬁigh tWenty
,faan/ For the ;emaindgr of the te;t hole, a; Qell.as,77;29
énd 77-26, the consistent'naéural gamma‘response is reflécted
in tge’ébnéistent liquid liﬁ%é response. The li&GIa—izﬁit

h - [ I i -
data can be summarized as follows to iXlustrate the above

point: | . . - R _
77-25  N*= 25  LL*= 35.3 1.7

77-29 . N =40 . LL=35.11% 2.0 .
77-26 N =28  LL = 35.4% 1.0

!

-

i . . . R .
), The nétural-gamﬁa log also distinguishes: between two.

tills within the multiple till section illustrated in Test

e

Hole 77- 22 The gamma log in Figure 3-12 reflects a till
(28.1. on basis of liquid limit). overlying gravel, then

éépped by a thick glaciolabustrine sequence, the basal‘unit

number of samples analyzed
llquld limit mean and standard deV1atrd§§

* wheré N
"LL

42.
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Figure 3-12: Gamma log versus Liquid Limit Tills
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of which is a sand. This glaciolacustrine sequence is then
overlain by a slightly sandier till (32.4 on basis of liguid

limit).

44.
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FaBric Analysis o

0 . ro
Glendinning (1973) in his study on surface tills in

Calgary south of the Bow Rivér concluded thaéﬁihéee till
fabricé couid be identified - a westérly source near the
Foothills, a m;xed‘west éndlnortherly‘sdurcé through Calgary
‘and in particular, Caifn Hill, and an easterly source for the”“

'prairie east of Calgary. Although thi§.Study;dbes not extend

very far to the west, it is intéxesting to note that. thé

-
Pt

change in till fabric for the central and eastern part of
his study i's substantiated by liquid limit defined tills.
On Cairn Bill, the following teSt'holes'ana\liquid limit data

serve to illustrate the point:

/

74-69 N*= 2 IL = 27.0 ¢ 1.6
7446; L cN=2 1L =27.53%1.1 .
© 74-a5 . n=3 1p - 26.2 £ 0.8 \
"34—46 N =2 | LL = 27,7 t‘0.6 )

Sgutheast of Caigary,'where-an'eaSterly source direction

is‘indicated, surféce'tills yield the fplloWiﬁg information:?”.

+
=
~J

25 LL = 35.3

77-25 N = )
76-37 N =21 fVLL_=_35;l t 2.1

i 76-8i; - N - 28 LL = 33.8 + 2.4 . o
77-26 N = = 35.4 £ 1.0 )

28 . -LL
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o

where N number of samples analyzedx

LL liquid limit mean and standard deViation

Interpretation Techniques Using the Ligquid Limit Parameter

/ - . , '
A number of_significant'phenomena/ were revealed during

the course of data analysis. These are:

(1) wuse pf‘natural moisture coritent to show influence :
of inclusions as well as map/lithologyr
(2) eatherlng or slope wash 1nfluence on llquld limits;
(3) 1nfluenceJof sand or clay 1nclu51ons on llquld
+ limits; N
(4) gradational contactsﬁ
(5) thrusting.

Moisture Content e zai “.eh ﬂ d
. B — , W
vIt was pointed out ih Chapter.l that others have successja
'fully dsed natural moisture content. to deflne contacts be-
‘htween tlll sheets (Mlslassek, 1960 Peck and Reed, 1960,hahd
;Milligan, 1976).' However, that'coholus;on was,not substahe
‘tlated in thlS study. it is thought that a‘shorterusampling
interval of perhaps 1 or 2 feet mlght help to dellneate
Achanges in t111 units much~better ‘than the flve foot 1nterval
employed in thls study. It is also p0551ble.that borehole
.geophy31cs could be used to map molsture content.v Reoent
‘work‘by the Unlted States Geologlcal Suryey u51hgta percent - .

N
&
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K4 : .
. mbisture calibrated neutron log appears to-have some potential
as a till differentiation and correlation technique.

, | .
. . - ' <
A point of interest arising from the use of natural :

moisture content is its. ability to distinguish different

lithologic units within a given test hole. As/sogoften is

r

the case, there is only a fine distinction between a till
and/a non—laminated glaciolacustrine deposit with ice-rafted
pebbles. This set of conditions is often-met in- the supra-..“
gla01al free water env1ronment where flow tlll 1s assoc1ated

with glaciolacustrine deposition.

It appears that moisture content can readily be used to

o

dlfferentlate the two. types of sedlment. This phenomenon is
illustrated in Table 3-1. When Test Hole 74- 74 was drllled

in the field, the entire sequence was 1n1t1ally 1nterpreted
T 7
as till.: Closer examlnatlon of auger cuttlngs 1nd1cated

<

' 1nterbeds of glac1olacustr1ne = lty clay. In Table [3-1 note

the hlgh m01sture content zones whlch reflect the clay 51lt

portion of interfingering till and 1ake“sed1ments. These

_occur at depths of 5, 10,.15, 25, 30, 35, 65 and 95 feet where
the moisture content exceedsléo'percent;‘ The change in‘mois-
‘ture content'is Supported by a change in sand ratio. The -
lower the sand ratlo, the greater the 1nfluence of flne-gralned

material and hence the hlgher the m01sture content The m01s-’;j’

ture content'and sand ratio serve to ﬁodlfyﬂthe unit to an

o
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?able 3-1: « Application of Moisture_ Content to
Sediment Differentiation Within the
Supraglacial Depositional Environment

_Test Hole 74-74

© Moisture Sand

Depth Content o Ratio -
5 - 21.00 0.08*
10 - 21.16 - 0.02*
15 14.69 . : 0.02*%
20 . 18.33 0.13
25 . '22.77 .. 0.04*
30 T 22,14 ‘ 0.03%
35 . 18.99 ~0.07%*
40 - 19.39 - 0.11
45 - 16.97 , 0.10
50 - 16.13 0.14
55 4 . 15.97 1 0.12
60 - ~18.93 . 0.11
65 = 22.59 0.05%
70 ’ 19.00 . 0.16
.75 18.95 - -
‘80 -16.87 0.24
85 ©16.50 " 0.22
90 16.03. . 0.19
95 - 20.30 . 0.07*%
‘100 : +17.10 : 0.26

105 13.05 0.30

*interbeds of glaciolacustrine silty clay.

A



" upper glaciolacustrine deposit with flow till interbeds and

a lowex-till unit.with minor glaciolacustrine inclusions.

}
i
‘

The moisture content parameter also shows a remarkable
ability to differentiate between sediment types as illustrated
in Tables 3-2 and 3-3. In’Table 3-2, the moisture content is

able to dlStngUlSh between two glac1olacustr1ne facies, an
-

upper. silt and clay unlt and a Jower sand unlt. Breaks in

moxsture content are also assoc1ated with the till and bed-

rock units. Table 3-3 1llustrates a similar characterlﬁtlc

of moisture content, this time applled to alluvial, glac1o—

_1acustrine,'till-and bedrockannrts.
'Weathering or Slope Wash Influence

T111 at the surface weathers chemically through oxida-
tion, hydration, leachrng of carbonates, and by mechanlcal
“changes 1n part1c1es and in tlll structure and in some down-
~ ward movement of very fine materials (Whlte, 1972). At the
Asurface, these weathering horlzons vary in thlckness and
degree of development among dlfferent tlllS. Wiliman\et al .
‘(1966) in their study of weatherlng proflles of glac1al tills
in IllanlS, con51dered the m neral comp051t10n of burled
weatherlng proflles and the- ¢hanges effected by weathering

[ .
in the pebble, sand, 51lt and clay fractlons. In the in-situ

\

. &
"profiles, vertical grain 51ze Vﬂllathﬁ results from stlutlon

of carbonates, clay\eluv1atlon and 1lluV}atlon, disaggregation

N\ e
o\ o



Table 3-2: Application of Moisture Content
to Lithologic Determination

Test Hole 74-68

Depth (ft.) Lithology . Moistufé Content %
-5 .2 silt and clay 19.03
10 o .s1lt and clay . '15.70

15 7 silt and clay 17.41

20 . & silt3and clay 13.36

25 ,iv s gene silt and clay, v 17.84

3o . Fx itie s%%%“and clay © 14.55

35 7 rine silt ‘and clay . 15.26
‘4D - lacust¥ine silt and clay 15.84

45 - lacustrine sand 22.42

50° . lacustrine sand - 24.89

55 - lacustrine sand = ' 23.65 .

60 ladustrine sand 23.59

65 .lacustrine sand - 7 25.57

700 lacustrine sand . ‘ .25.81

75 . " lacustrine sand $25.61

80 © ' _lacustrine sand A i 25.88

85 - lacustrine sand . 26.20,

90 ’ lacustrine sand o 26.51

95 lacustrine sand - . o 26.50 A
100 lacustrine sand 26.11

_...."7_.._-‘--_..-.___.._;.-.._..--5 _________________ . = o e i o 2 o e e o e
7105 . till . y e 18.07 |

110 bedrock - o o 10.21
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Table 3-3: Application of Moiétute Content
to Lithologic Determination

' ‘Test Hole 74-65

Depth (ft.) , Lithology ' Moisture Content §

5 . ‘ alluvial K , . 4.73

1@ | “alluvial e T . 5,63

_________ e e e e e e e e e e = Sl

15 . glaciolacustrine 23.86

20 glaciolacustrine i T 27.85

25 o - glaciolacustrine ' 28.45

30 : " glaciolacustrine o 35.41

35 : ‘ glaciolacustrine . g 23.19.

go glaciolacustrine - L 26.19

45 R till 13.13 =

50 E till 11.39

55 till ° 10.81

60 till \ 18.48

65 till 15.25

70 till - 16.76 5
75 till 15.23

80 till v 12.62

85 till z>, 12.73 _

90 - bedrock .J..- - 10.67

v
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and deconposition of'silicate minerals. Onvthe pasis of
weatherlng characterlstlcs, the authors were able to deflne
elght proflle ‘zones before encounterlng unaltered txll It
was found that the percentage loss of 31llcate fminerals from
the pebble and sand fractions was qulte small upward, and

that decomp051t10n of 51llcate mJnerals occurred prlmarlly

~at- the top of the proflle. In addltlon, the clay mlnerals

displayed a gradatlonal upward sequence of alteratlons from

i

' the unaltered till, characterlzed by a progre551ve increase

in expandable clay mlnerals, and in the uppermost part of

n

the proflles,eheterogeneous swelzlng clays.' The/lmpllc7tlon
here 1s the cha ge i ' =si la;-ratlos as a/result of ,

mechanlcal and hem1cal breakdown of till. Diff renceS'ln‘

en.weathered and’ unJLathered tllls are

AN

shown by Smith (1968) in_ hls study of surflclal materlals

liquid 1'im'i€s be

'ln}McHenry County,1l11n01s (Table 3-4).

D

'remalnder#of theuunlt..

From Table 3-4, it is apparent that the liduid limit °

reflects the 1ncrease in clay content as a result of the

- 3

weathering process.

' ) z
Wlthln the Calgary area,- the upper five or ten feet -
N .

of a glven t111 un1t has a hlgher liquid llmlt than the

& \ QW .
Examples QQ@L change in lquld llmlt Ais 1llustrated
!

)
'

o

"by Tables 3-5 and 3 6. Table 3-5 1nd1cates a 11qu1d limit

‘ sxgnrflcantly at the 10 foot depth. Analys1s of the sand -

of 56 2 for the upper f;ve foot sample whlch changes

S

52.
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Table "3-4: Changes in Liquid Limits for Weat‘:here;d and
Unweathered Till (After Smith, 1968)
+
. =
< Q
. 4J
a - Y}‘ :
He] O
, V] O -
L] ~ .
[} Q Q
b Kol H
()] 4 — - -
Ee N o +
-~ +J) ()] > Lo + b 77}
- r~ (1] 3 1] o — (1] -~
o ] = N M -, ~— 0
1 = D ) n w O =
- Winnebago . X 4 42 45 13 9
Winnejigo x 3 39 324 26 15
) ‘ |
i 4 7/
Marengqo' 'x 6 - 33 47 18 12
‘Marengo X 3 26 40 33 15
. X 12 32 56 12 10
X 3 36 38 26 29
. 4 t’:j,_ .
x 16 53 41 6 12
X 10 -56 41 16 17

Liquid Limit

27

21
36

18
4

17
28

53.
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Table 3-5: Weathering Infihence on Liquid Limit, East

Slope of Nose Hill Upland

74-19

25 —K

r o

[
}l
|

50

S

LL 0 M+C
,/36'2 0.15
29.2 ,_0.35
27.9 .0.48
28.3. 0.31

_ 37.4 0.08

27.3

0.08

54.



o Table 3-6:

Weathering, Slop/éa Wash or Slumping
and its Effect .on the Liquid Limit

3
<

T
P

55.
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ratio indicates a "fining upwdrds" in the profile coupled

‘'with a higher moisture content associated with the increase.

in "fines" content.
. .

*.

» _ AL ¢
- The second example in Table 3-6 spow;,an upper ten fe‘ﬁ%ﬂ&f
with liquid limitsAin-the mid thirty range overlying fairly
consistent limit values with depth. The Sequence‘is not
comparible with surrounding test holés in the area. Its

occurrence is interpréted~as a weathering, slump or flowetill

type of phenomenon.

U

As a consequg@fe of the examples cited, caution has beeny,’

. | .
used in distinguisblng a thin upper unit as a distinct
"liquid limit" defined till. ' . o T

-

Influence of Inclusion

During selection of till samples ngg‘eterminatibn,of

the liquid.limit parameter by the falling cone methgdiﬁbare
v ’ ‘ S A

was-takén to avoid taking obvious. ing¢lusions Qﬁhsahd,'cla§
or nearly disintégrated bedrock fragments, since Eﬁéy could
be expected to locally ihfluence the liguid limit value: The -

same influence can be seen on a larger scale, as illustrated.
in Tables 3-7 and 3-8. - -

L) N .

/ .

Table 3-7 is.a partial stratigraphic profile from Test
. Hole 76-81. ‘Note_éhe sand layer at 56 - 59 feet. The liquid

limit vpiues;ﬁb:/;his till average 33.4 percent which includes
the influemce of the sand layer. - The zone from 30 to 70 feet

appears to be influenced by "dilution" of the higher limit

. - E w4
T ".‘ ‘.& C . . . li‘,%
T sk . . -
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Table 3-7: 1Influence of S\énd Inclusions
on the Liquid Limit

76-81

4




_ Table 3-8:: Mo__difying,lnf__'lu_eng_e‘ of Sand o
‘ Layers on_ the Liquid Limit of Till

76-110 - - T TR

0 _, LL ‘ T
2.8

36.1 -
 35.1 - ‘ ;

35.4

33.9
35.9

34.1 S o
29.0 : |
29.3

34.2

36.2

LY
3

(W
e .
O,

337,38
e 3
Ry

s

58.



values'seeniabove and below this -zone. Similarly, in Table
3-8, a sand layer oocurs at 61 - 64 feet with limits being

affected 1mmed1ately above and below the sand inclusion.

Although there are no pertlnent examples; it appears
' /
reasanable to assume that a clay layer ‘would have the reverse

effect to that of a sand layer, namely to increase the liquid

limit in the area of discontinuity.

Gradational Contacts

In addltion to the 1nfluence 1mposed on the limits by
. I
sand or ciay inclusions, a similar phenomenon can be observed

at the contact between units. Five. examples serve to illus-

"trate the effect of £ill/till contgé&s, till/sand and gravel

COP

contacts,”till/bedrock contacts and%till/glaciolacustrfnej

PR

contacts. . ‘ KA
. ! - ' ~ ; ~ /‘ )
. 1 ; .

L4

Table 3 9 lllustrates how llquld llmlts are affected at

P A

"tlll/tlll coritacts. Analyses of all ‘test data has not dls—-
closed a 28 6 till overlylng a 32.5 till, but rather the

reverse.f It is 1nferred that the basal portion of the upper

/

tLLl shows reworklng of the lower tlll during glacial erosion

resultingijannanoma10qs~condition at the contact.

- - P i~

: _ D - : -
Table 3-10'illustrates the influence on liquid limits

at a till/sand and’érafgl contact. Note that the till is
characterlzed by a cons ilstent 1lmlt average of 27.4 percent.
B,

The underlylng sand and gravel llkGWlse, has enough fine

materlal to yleld»a llquld limit average of 25.0.. An obvlous

<



Table 3-9:

60.

Variation in Liquid Limit Values s

76-79

.-Across Till/Till Contacts

28.2 Rz

/

e
HEAN

LL -

28.8 ‘Upper Till  28.6

32.6 . Lower Till  35.1



oo

‘Table 3-10:

¢

Liquid Limits at Till/
sand and Gravel Contacts

|
- 74=78
‘4
o
. S
e d
LL M+C-
31.3 0.0l
\ 3228 “0.04
25.8 0.67
27.4  0.28
28.3° 0.20
S 25.9 - 0.30
. 29.8 0.32
25.8 ‘
. 24.2 . 0.52

RtV

e B i

61.



- question is whether or -not the -sand and gravel has. locally
'been responsible for a total modification %:T:je llquld

limits of the till. This particular test hol®soccupies an

upland position. It is therefore feasible that local incor-

‘poration of the underlying preglacial gravel has generated

a unique liquid limit till.

&
Table 3 11 illustrates the gradatlonal contact at the

tlll/bedrock interface. as reflected by llquld llmlt values.

This characterlstlc ls\observedxto oocur quite frequently

and has -led to the co;ning of a new term - bedrocklzill.

This term is defined as’a till whose stone content is.m ie

up almost exclusively of bedrock fragments'of in-situ origin.

For all intensive"purposes, it is a reworked bedrock unit

«I' more than a tghe *till." The lquld 11m1t data 1n Table 3 11

62.. .

S~

-shows the 1nfluence of the bedrock and then becomes gradatlonal

into the trueallquld'llmlt value of the tlll. The sand ratio

'1n thls table also reflects the 1nterbedded nature of the

[

Paskapoo bedrock.- Depth 25 to 35 feet is a sand(stone) and

‘40~¢,50'feet a shale or clay(stone).

-

~
g

lable 3-12, which'also examines a till/bedrock contact
is very similar to Table 3-10 which shows till/sandfand-
,gravel. There‘is a fairly sharp.contact between'the 31;4
till and the 37.0 till. However, notice that the till very

looselivresembles thélimdt character of the underlying bed-

1, rock. Is it a true till or bedrock till? Analysis-of the ™%

stone content suggésts °it is a true tlll
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Table 3'_;1; Modification of Liquid Limit Values
"~ at Till/Bedrock Contacts

74-18

LL  M+C
e
25.4  0.27
26.7 0.21
27.7  0.23 | . |
29.7 | . L
32.1 0.81 |
33.0 0.65 ,
34.8  0.56
39,7 0.02
41.4 0.0l
37.5  0.08 ] :
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 mTablé 3-12: ¥Bedrock Influence at
. Till/Bedrock Contacts

LL

31.1

32.8

32.0

31.7

30.9

33.1

32.3 ,
31.9 S
32.2 i \
30.2

26.4

31.6

37.5

36.5:

-38.8 _ |
35.2" o .

ey S Ve e LY. -, 4 e 4 ..: oy D Aot ol~
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Table -3- 13 illustrates a typlcal gradatlonal contact at
.a t111/g1ac1olacustr1ne 1nterface. Sand layers w1th1n the
glaciolacustrine unit have been reworked (21.7) and are
\_f transitional into more consistent liguid limits in the ué?éi

part of the till. .
Lacustro-Till Environments

Because of the majorrproblem associated with the liquid
limits in a flow till/glaciolacustrine ggyironment,fit is-
wortﬁ looking at“two additional lllust;ationc.‘ It was pointed
éeut that where moisture content data is available, it will
generally aid in 1dent1fy1ng intercalations in the flow till
enV1ronment. ‘The twe examples are. from buried valleys, one':

the Calgary Valley,ﬁand the other the Elbow Valley, respectlvely.

. -
Table;3—l4'illustrates¢a rather erratic distribution of

limit values. Most of the units are described as lacustro-

till which can be defined as a clay with ntmerous ice-rafted

pebbles or a till deposited iﬁ.an aqueous environment and
_ R B 4 B, »
hence stratified or "banded". Because additional support data;

_is absent, it is very difficult to interpret the limit data.-
;“ —Flgure 3-13 1llustrates ‘a 51m11ar case" to the above. For

-1nterest the stratlgraphlc field profile Kas been compared
to the-gamma ray log. 'The field log 1dent1f1@s a tlll from
57 - 67 feet. The gamma ‘log suggests no tlll This would
imply that the fleld logged t111 is probably a glac1olacustr1ne
“unlt with ice rafted p%bbles. Only a single till 1s’1dent1-. '

fied on the gamma log from 92 to 109 feet rather than 97 to 1

-

-
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Table 3-14: Variation in Liquid Limit Values
T Within Lacustro-till Environments

.
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120 ﬂeet *The gagvel layer 1s not apparent on the gamma: log.

How ever, becaf@e \,hole was mud rotary drllled the gravel

_gﬂgld be191mp well washed tlll sample. In addition to

the_ rnterpretatlgh problems aSSOC1ated with lacustro till .
.-..\u,\\" "

env1roﬂhkﬁ§ the analy51s of fleld and geophys1cal logs

L4 y

»

suggests Quaternary workers can reﬁdlby create their own

\. ::’f Yy

problems w1th 1nte§prét1ng glaﬁlal sgﬂitlgraphy.: Thls 1s a

P
é'

.:,L
gzod exgmplezjlborehﬁle work where a multigleetill 1s créaﬁed
: i . iRy

"to confuse the lssue. it poants “to thé* urge:twngsg, VHEn
.Eworklng w1th borehole data, ‘to sug&?ﬁment fleld4data w1th some: ’

D mechaflcal logs that can ellmlnatéiﬁudgement dﬁ%lﬁaogs

b Ty ‘ : - g e _"
- . . .. ,&‘V‘& B _:.‘
Tlll leferentlatlon and Corref%trbn- f T S

,:é
1‘,
>

-

\ .
‘.rggas surprlslng that it even works.. However, n@;matter hoW .

remarkable the 001nc1dence, the till units defined by lquld
. l“
'llmlts are supported by a wide rangecn_other phy51ca1 proper-

. . \ " o
ties whlch have been addressed at the beglnnlng of ‘this chapter.
, - L] ’

The basic approach te till differentiation and correla-
= Rl : T
£

tion was tofplace;boundaries on the stratigraphit log pro-

files so as‘to minimize standard deviations. The  boundaries:
Lo R - : ‘
were then carrled 1aterally and adjustments may gato effect \

J

a reasonable reglonal correlatlon. ' -
: . . Yy 1\._0. :
: : /

The author would probably be remlss if he drd not attempt
.S

to answer the questlon why°the 11qu1d llmlt technique works.

I I
’ N : ~ -4

PRS- o3 KON
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e - Glendlnnlng (1973) mentloned in hlS thes:.s that clay

mlneralogy, as used ;)y Tharln (1960) ,' 1n hls orlglnal work

;A

\‘l-

on the Ccalgary ar a, served as .a potentlally good corr l!a— .

tion tool and tﬁat thmb aspect deserved further exploratlon.

= 3
Contrary to thin-~ ellef, ‘it car§ b@ shown that clay minerals -
4 r.,‘, :
cannot uniquely de

&
.\.

lqu&d llmlt values werge a re'.

«

'ne tlllS. »y;‘h_ad been thought that the
™ o iR '
clay 3mlneralogy.

-~

é the case. During the . =

o 0 ) Y [ET.

. course of*&lsas progept, theélberta Researcﬁ*Councll Jlas ‘
ﬂ ‘

und’erigken the clay mlneral detﬁmlqatlon of 'some, 27‘8 °t1115

e B
'-HoweVer', thls" does not appear h_*

R 1n the Calgary area. The" dlay mlneraﬁ%ﬂrdentlflcatléjﬁ cpn— &
? .

csn.st&d of 1111t%e,\k§montmorlllonlte, lgaollnﬁe and’ chlorlte.,
5’1: i)

'I‘harln (1960) .had- concluded "that eastern tllls had 1111te S‘ -

and mont&nor:.llonlte gn approx1mately_§equal amounts, whlle

-

western tﬂ.ls had gn J,lllte cor’ three t1mes that of

. ¢ o N
: s
&vmontmorll_“lte.f It would therefore seem reasonable to. ’,
expect that eastern and western tllls could readlly be dls-,
. %
tlngun.shed by thelr clay mlneralogy, in spec:Lf{.c, the 1]:11te/

AY(J]Tllte + montmorlllonlte‘)’ ratlo defined by thls author.
R A

The analys:Ls of those 278 clay sarhples calculated on .

. the bas:.s of the above-dvef:.ned 111:Lte \ratq.o ylelds an average
value of 0 68 watha sta{ndar’d dev1at10n of 0. 09. It would

tappear very obv1ous that,,the tlll 'unlts as defined by the

-

‘liquld limits ‘are therefore not related to clay mlneralogy
In add:.t:.on to the nature of ﬂxe clay m:.nerals, the
- author had tabulated four other parameters wh:.ch controlled

. \ o ' ‘ .‘ h - - — . V



w

L]

clay conteUt, nature of exchang--‘”

lquld limits for idealized clay systemsq These'were-

& Q
: atlons, part e s&;e,

some degree of unlformlty_

-

and organ:< matter content. Whlle

* does occar fof art1f1c1al clay quartz systems (Seed et al, .

'

1964), the:complexlty of 1nterrelated factors in real world

£
)

51tuat10né 1s not readlly understood ' .

’ . \

\ B oL N . b . - .« ( -
Clay partlcle size. has been shown to 1nfluence the llquld
%

limit- parameter. In general ®the smaller the partlcle size ". . |
- i ‘
the greatgr-the surface area and. hgnce the more m01sture that

» - i PE’;
can be adéorbed It 1s hlgﬁly uﬁlikéllgkhat 1abbratory pr - ’

paratlon of samples could produce a %nlform partlcle s1ze to o
. < el P .
accountufor the con51g%ent lrghld llmlts of the varlou tllls.
Y
»\\ 4

T It appeax:s ‘1ntu!t1ve that the QlaC1al transport mechan:L m must

v

. bely spon51ble fof’lhe production of the relatlvely min

it does in the artlflcally prepared clay- quartz systems.'

L - P
varxatrpns in partlcle size in order to account for the

’

larlty An llquld»llmlt values.

.' Lo VI - A . ‘-/ . . ' . \\ - - N
The natuwe.pf egthangézhle cations,_likewise,vhas been ‘a
* )

factor ‘in effectlng 1limit values.' However, tills»are generally

consrdered as 1mpermeaﬁle‘or seml permeable qaterlals. Except -
/

2 -

_.for fracturé syStems, movement of ground\/ter through tllls_

can be expected to be very:. slow..'Catlon exchange capaclty

&
i

S

rln the tills does not appear to have the same domlnance that oL

,
N

The organic matter content of tills.is-generally too
~ X
1nsxgn1f1cant to readlly explaln the dlfference 1n 11qu1d

llmit va}iés.v ' | - . : ‘Ev. ~..q¥
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.' ' .
\:. ’
‘ \

The liquid limit appears to be largely proportional to
i : .

- the clay mineral versus non-clay-mineral percentage rather
v ; 4

,thannthe variation in the different proportions of individual

clay“ninerals. Thié~Wou1d tend to explain the distinct lack ' .

~Aof varﬂhblllty observed 1n the clay mineral anslyses of the
$ 278 tﬁﬁ? samples.l Since the clay mlneralogy is not the -
governing factor, it appears 4oglcal that the‘ba31c clay o

mlneralogy, and hence lquld llmlt value, is controlled by

J
the degree of 1ncorporat10n or dllutlon of materlal being

- -
/ 1

. ‘.,,..:_,-. o
The 1nterrelat1‘g§h1p1g‘ mgXed clay structures, and

'Sk £ .

W «
ge01091c hlstCry of till materlaizin t € real llfe 501l]s§§
o | e

rrlden and eroded by the .&ncler.

v JRleANe
temttends‘to yleld a more 51mplist1c llquld llmlt value than ’

evaluatlen ‘of each 1nd1v1_dual fa_cto; in an art1f1c1ally }pre-

Qo

barea'soil syétem. .‘; | e , i
- , | 1
@W@ t is the author S feellng that the answe% to the iddle.
can bg\found in work by SZabo et at (1975) and Shllts (iL7l,
1973) in dlsper51on traLQs 355001at6d;w1th glac1er trans ort.’

Szabo et al (1975) studled the*dlspe£s1on,characterlstlc’ —

plnerallzatlon froA'the Mt. Pleasant volcano vent. - The llow1ng

pertlnent statements .are taken from Szabo's work
RN ‘;{‘;‘\t ot ﬁﬂﬁ“ \"‘:-ﬁ \'t-? “e » . . lf

. f“Whereas dlsper51on tralns of Cu, Pb and T
zn-.in the fine fraction of till can be - i
~traced for only 2 to 5 km from the \
‘mineralization source, they extend for“

more than 16 km in the _coarse fractlon ) l S
of tlll" 3 S _ ‘ SRS
. : - ) . S |

™y . ° ) i



,r(d "The distributions of Cu, Pb ard Zn in ,
o the fine fraction show little: variation '
with depth in the till.. In the coarse

N - ~"fract10n, h ver, there is a- clear S o .
N . difference imM@both the verticdl . Q1stribu—, ' .
- tion pattern and. the absolute levels of _?ﬁﬂ&

Cu, Pb and Zn- down-ice from Mt. Rleasant”.\ o
R o

The 1mp11cat10ns of Szabo s wark to ‘use of‘%ﬁﬁ llquld

11m1t parameter for dlfferentlatlng t;ll appears stralght
. v
forward Yo avord anamolous 51tuatmons in glac1al transpért

one should exaﬁgpe the flne fragxloﬁ whléh~as characterlzedur

,.‘* e

-fby no véglatlon 1n the Jhrtﬁcal and lmttle in the.horlzontal

ve

dlrectlon. Thls would tend to explaln the rather con51stent

Cw given till..
‘e ’_f PR 4
s

Further to thls, it is concluded that the unlqueness o£
— N

/

"\
the four deflned lquld limit tllls is due- exclu51vely to the

3.

anorporatlon of.prev1oua%y deposrted_glac1a1 drift or bedrocﬁ,m

.



CHAPTER 1V

I - U e o -
.°'ﬁ" STRATfGRAPHY_— EVIDENCE AND DESCRIPTION
. "' "\\“1 . ; - T N : K‘ . .
Bedrock Geology . S e D h . : } )
" : :1 . ﬂ “_, " "}ﬁ‘”<$(, . -§?

zzhe entlre Calgary&area 1s underlaln byithe Paskapoo

Y

}Format%on of Tertnary &gel It 1svbe11eved to,have been de-

B ' 2

pos1te§ on a floodplaln extend;ng*frommbhe foothllls eastward )

.rV.g -
dles drllled for thls &tudy 1ndlcate bhat the PaskaggQ For-. ]"7

s compOSed ogﬂyellnw, brown,gblue and sometlmes yellow~

d” green claﬁ&tOnes tnd.éhales. These varlous units of the
" . @

".’Paskapoo Formatlonzare df varlable thlcknessuand arewpresumede
L X

to be qulte lentrcular, as the unlts cannot readlly be corre—'. .

lated in: splte of the large nﬁmber of "control” drlll holes

NI,

* avallable The sandstone and shale unlts vary from soft to j

A . “‘3
{!»wﬂ a [ a g . w L, s . L«‘ .. -
: Eard énd many outcrops, partlcularly aipng the flanks o bed—
L ' R .
rockvhlghsgshow.fraoturlng of the upper;surfacesh. - .
e | s
-;i thhologic'units w1th1n the PaskapooIFormatlon vary from :

i .)"\'
thlnly beddpd (3/4") to masssve (15 ) A1l beds are essen-
9 r

tlally flat lylng The Paskapoo is. COntlnental 1n~orlgln

i.and is charactér:zed by con51derab1e varlatlon in graln 51ze
\

sand content 3.7 - 58 4% smlt 29 9.= 77 5% and clay 11. 7 -;‘

N -

&k . L \
57. 2%.’ Informatlon dﬁ‘the.physacal propertles of bedrock : \\-

: uﬂlts are tabulated on the varlous stratlgraphlc logs contalned 1'
-in the Appendlx. .‘;~ S BRI i '_L oo b

C R ’ . .
N . e /.. . - . - . .
- :
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Numerous outcroes'of bedrock exist within the study‘area

N Lo

and may be viewed along the Nose Creek and Beddlngton Creek-

sz'meltwater channels in Twp. 25, Rge l, ﬁﬁy, along theoBow

W

River in Secs. 5 and 6, Twp. 25, Rge. 2, W5M, w1th1n the_Elbow“-

River Valley in N:Q.-6-24fl-W5M, and along the Glenmore Reser- '

L »

LA

voir; as well as on the érbwn'éhd‘flanks of Nose and Cairn _

-‘:: . 1_'£:*_,'~
F'“Hill Uplangs. Yot

EN
e

Bedrock lithologies within the Calgary area vary from

N to >
soft clastics and claystones to flrm or hard flssured sand-
N o . ‘
. stones and shalesL

’

holes'and outcrop secty % ‘ : '”,jfu}f
. \ - ”')L o . B e . "'v
zone, . Because of thls weathered zone, problems can occur 1n

A k) . X ,':'/-'7‘ . . . .- o

N AR T . : . : ) : A

deflnlng the topﬁof bedrock , , . x )
. . . ; “;',,‘ St . . . _
Numerous ‘water Weilldrill holes'record-up to 46 feet'of

E]

'brown to blue clay qverlylng flrnggdrOCk and underlylng th1ck

1a1 cggld ‘be 1nterpreted as a-

y,-v a’@

-gravels and sands.. ThlS mat

iglaclolacusﬁ 1ne dep051t or as soft bedrock., Its stratlgraphlc

nk

'p051tlon between bedrock and overlylng gravels suggests that /

this unlt,-where recorded; ;s'soft bedrock,~ - S e R

. . . R .
Thls study also 1dent1f1es another deposlt referred to V~
L ‘ e - _
- as a bedrock tlll A number of examples 111ustrated in
:hfdhapter I;l, clearly show a tlll bedrock 1£terface tran51tlon o
‘?wherp the basal part of the tlll dbased on llquld llmlts and
L 1ithology) reflects bedrock charac éélsilsé. &:;; bednock

. Tl e ‘M RIS
N Ny A ' B v - ! ." : - i
* : R P G/ SR T S A SRR L
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till is composed almost exclusiyely ofrreworked bedrock'frag-

ments in a fine matrix..:,

Saskatchewan Gravels and Sands Q’

A

Stratigraphic Position-'l' R ' S

3 ‘ ’ - - 4 w

e

76.

Sdskatchewan gravels and sands is the name loosely applied -
X . ’ . v -

‘to numerous, widely scattered deposits of~grave1"and sand
< . . - o .
- ) - . ‘ : : F
ﬁound on the Cahadian Prairies. This deposit is identified

3 A |
':Cchlefly by its lack: of stqgis from the Canadlan Shleld and

%L
o)

i
& . ®

- [

nflts stratlgraphlc p051t10n, overlylng bedrock below drlft 1n

"

burled valleys or on low ground ¢ Although %éalker (1968) has
determlned a llst of crlterla for determlnlng whether gravelsf

ER AN

‘are truely of preglac1al origin, thlS study follows the V

generally applled looser deflnltlon of . Saskatchewan gravels

and sands.

The‘Saskatchewa.

(1885)' He 1nterpreted thls dep051t to be Pllocene in age and
3 : T
derlved, in part, from the Mlocene beds 1n the Cypress Hllls.

.

,‘f\/‘ N

than first belleved and a'subsequent paper by Dawson and

l

-’McConnell (1895) suggested that the Saskatchewan dravels were

™

Lo o

"'tlon whlch advanceﬂ to a p01nt somewhere east of Calgary.'

Earller work by Stalker, 1963 1968 ~uses the orlglnal term

.

“ . : v -

avels were'firstvdescribedbe—McConnell

.‘,

. The occurrence - of thls dep051t was found to be more w1despread

. outwash dep051ts From an early Plelstocgne Cordllleran glacla- ’
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“in 1885. That is,

the Saskatchewan graveis and sands refer solely to the last
0 -4( .

sggies of deposits laid down by preglacial rivers before
Quaternary glaciation disrupted the regional'drainage. _

Distribution and\ Thickness

A . . .. . N v
N . . N -

¢
Saskatch.ewafnfgravels and sands are found capping the .

Nose Hill, Cairn Hill and Pine Ridge Uplands;' in part along
the flanks of these uplands and also - :Ln burled valleys. On

1

the Nose Hlll Upland the thlckness of gravels and sands -

‘,‘ y Lnfﬁtlon o‘btaJ.ned from

e ca,ted a max:.mum thlcknessl oL

162 feet 1n the southwest corner ‘of LSD ll, 32‘ 25 2-W5M . *

exceeded 15 feet.‘ Supplem&

[

S water well drilling record

‘ Slmllarly on Cairn and Pine Ridge Uplands, the‘ test -drllllng‘
was unable to penetrate theagravel and sand section by more

than 15 ’fe'et. A maximum thlckness of 85. feet was establlshed
o IQ N O‘& : ,,“._‘f'
on Calrn HJ.ll from a water well at. N W.-5-27+24- 2-W5M. Wlthln

-

Lthe modern day Bow Valley, a maxlmum thlckness of 25 feet of
. - € S

' Saskatchewan gravels and sands was encountered in Test Hole
. 7 . . . \ : : L
) 77—25 Examn.ﬂ@tlor%of water well records ylelded a total L g

th1ckness of 62. feet of granular matﬁrlal at- S. W. 13- 14-25 3-_

R 4 o . ~ - ) . -
-W5M, | B y T Ch T
= . .o w . -

Lithologic Descripﬁion ST

. Table 4-1 icontains_ pebble counts from three _locations on _“' _

o aalite.
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Pebble.Lithology of
Saskatchewan Gravels

andSaﬁg; o
. . v ’ a

v

% Pebbles

74-29

74-53

" 74-76 .

74-45

" 74-61

Carbonate

louartzite

Sandstone

Grit

Chert"

'8%hér.

46.0
28.1 .

18.8'

- 62.7

"

67.7
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i

Ngse H111 (Test ‘Holek 74-29, 74-53 and 74- -76) and two locations
on Cairn Hill (Test Holes 74-45 and 74-61) . These pebble
counts yleld'a ”carbonate—quartzite—minor‘sandstone llthologlc

assemblage for éaskatchewan gravel ‘and sand deposits. The

R
gravels are falrly sandy w;th llttle to moderate amounts of

~ clay blndér, and relatlvely hlgh calcium earbonate contents N

between 20.9 and 38.0 percent. The deposits are“described in
water well boreholes as gravel, sand .&nd gravel or gravel and

- . o . . . L8 SO .o .
'boulders. Water wellxdrlll records also indlcate cementatron

4

ﬂas a characterlstlc of these deposxts on upland'hreas as well

-as 1n burled valleys.. ) R »ff;'. ' . 7
o . . iyﬂ “:._ ‘ o ,

.'. “l

A number of lquld 11m1t tests on %ﬁe flné matrlx com-,

o

hvi

"ponent of ehe sands and gravels gave a range of 18. 7 to 28. &,
P : éW & .

W1th an average value of 24.8, .. " ~Q 8

i

“«



Pleistocene Lithostraf;gfaphy
\ . N L

. ! -

- Inttroduction
\ . ,Thls sectlon establlshes the Plelstocene subsurface !

N
stratlgraphy, by C1t1ng the eV1dence, chafacterlstlcs and

, areal.extent, where feasi ' for all dep051ts assoc1ated
BN
h

w;th eachmglacial event. The sﬁratmgraphlc relatlonshlps;

’% ety .‘
fo? each unlt are iliustrated by‘éross—sectlons‘whose loca—

Y £io e indexed in 1-3 1- SR
‘%111 ns are in exe : ‘1 Fzgur%s I'L,FO, 6: oo
% - ] - ) A ~ ‘. - n;[; 4 -
: L To avoxd any age connotatxons or c0rrela€gons Wlth o
revmously nahed (Tharln, 19605 Morgan,Nl966 Siglker;

.,1'9_6:0_» '963, 1973) / the author ‘has establlshed a new set of.

oy

) L. . o ' . °

T oA RN ) ' .

iStratigkaphicﬁEositiqn!it E S T

N

BNV ' : -

The f;rst glac1a1 sedlmenrs w1th1n the study area -

are assumed to have been’ dep051€!5 by dordllleran 1ce.‘

A 51ngle occurrence of Glenbow~tlll 1s belleved to ex1st

P

w1th1n the ‘old Bow legr Valley south of Cdﬁhrane.\ The b

type reference sectlbn is Test Hole 78- 8 wirich contalns a

0 \
; mult1 le till sectlon. Ev;dencé for thls thln t111 1s pro{ :

\ Oy | VoL
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..Glenbow Tilkn. DR [ I
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Atterberg Limits. The base of the unit was not encountered,

however, it is overlain by a glaciol :custrine unit. The

\| 4

reader is referred to the stratigraphic profile of Test Hole

78-9 in the Appendix. . B 5

Although the till encountered in this test hole is only 3+

feet thick, it ddes appear to have a number of distinguishing
characteristics. Because the complete unit was not penetrated,
more than one origin may exist for this deposit. It is either

.
till or dirty gravel.

Liquid Limit

A single liquigd iimit value of 18.3 percent was determined
for the 1Indus till. The value is characteristic of a sandy
till with little or no fines and appears to be typical of a

western till based on the following deduction.

The author recently had the opportunity to be involved
with an extensive test hole and tgst pit program for the
upgrading of the Smith-Dorrien Road in Kanénaskis Country.
Till at this site is unequivocallylof Cordilleran origin.
Analysis of some 60 samples of till gave a liquid limit range
varying from indeterminate té an average‘of 17.5 percent.

The low liguid limit value, the stoney natufe of the till,
and its lithologic composition lend some credence to its

western origin.
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-

Lithologic Description | .

The Glenbow till ié'grey in color, quite stoney and
contains an abundance of carbonate pebbles. Shield-type
lithologies were not present in any size fraction of this
till. The sand/silt-~clay ratio of 0.06 indicates a very
silty till composed predominantly of rock flour. The sand
ratio has a significant contrast to other tills of eastern
origin. A single determination for calcium carbonate equi-

valent yielded a valﬁe of 56.0 percent - the highest value

of any till samples within the study area.
Glenbow Silt and Clay
Stratigraphic Position

The name Glenbow silt and clay is used for glacio-
lacustrine sediments wgich underlie the 61dest eastern till
in the study area at Test Hole 78-9. The deposit can be
traced from the Bow River, near Cochrane, to an isolated
area south of Shepard but north of the river. Stratigraphic
relationships for these two areas are illustrated in Figures
4-1 and 4.2 1In this aréa, the la-~ustrine deposit overlies
sand§ gravel of assumed Saskatchewan gravel and sand origin.
South of Shepard, the lake deposit rests directly on bed-

rock. »
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ﬁistribution, Thickness and Physiéal Attrigﬁtes

The Glenbow silt and clay unit varies in thickness
from 25 to 55 feet and is confined to buried valley(s)

associated with the old Calgary Valley system.

The sediments invarigbly indicate a ?fihing—upward"
sequence with silts and‘sgnds at the baseygrading upward
in;o varved or banded silts and clays. An examination of
the stratigraphic profiie for Test Holé 74-73 gives a
clear indication for the fining-upward or transgressive
sequence. T It should@ be noted that the liquid iimit and

moisture content increase upward in the profile, while

the sand ratio decreases.

Second Glacial Event
]

The Second Glacial Event is the most widéspread'

event delineated within the study area amd is clearly

of eastern origin.. The glacial deposits associated with

this event are the Indus till, Indus silt and clay, and

/

Indus gravels.
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'Indus Till

Stratigraphic Position, Distribution and Thickness
r .

The name Indus till is proposed for a fairly homogeneous,
thick, till which occurs as -a valley £ill deposit south of
Indus. The type reference section is répresented by Test
'Hole 77-26. »Stratigraphic evidence for this event is pro-
"vided by stratigraphic relationships, liquid limit, percent
igneous-metamorphic fragments, texture, geomorphology and

ice direction.

The Indus.till'haé a Qariety of stratigraphic relation-
ships. The most cpmmonqusition is overlving bedrockvo;
sand and gravel. However;“locally, the till rests on glacio-
lacustrine sediments. The Indus till is found distributed in
ola buried valleys, innlowland.plain areas and on bedrock

controlled uplands and upland flanks. o |
. .

Oon the Nose Hill Upiand, the till overlies Saskgfchewan
gravel and sand (Test Holgs 78-3 and 74-33) and, ﬁo a minor
exfent, bedrock (Tést Hole 78-7). The till attains a“maxi—
mum thickness of 62 feet in Test Hole 74:77. WhereQit
occurs on uplands, the Indus till is a surface till character-
ized by a hummocky mérpholo§§% Along the eastegn and southern
" flanks of the Nose Hill Upland, the till is overlain by a
veneer of younger tiil or glaciélacustrine sediment.
Stratigraphic relationships are illustrated in cross-section:

L4



-Figure 4-3. . To the east of the Nose Hill Upland in the-
"vicinity of Beddington and Nose Creeks, the Indus till has

-

been removed by erosion.
‘e . 7 . . '
On the Cairn Hill Upland, Indus till is absent except
for local remnants preserved along the sbutheast flank of
the upland in‘Test Holes 74-40 and 74-44.. 1In both cases,

Indus till overlies bedrock and is overlain by younger

till.

In the area of the Bow Va1léy, within both the Calgary
"and Dalemead topographic sheets, the Indus till 6ccurs_as_
valley fill overlying either béafsck.or grévels. Within the .
Calgary sheet, Indus till overl;es Glenbow silt AQd clay in
Test Holes 78-9, 74-73 and 74-58, and is overlain by Iﬁdus
silt and clay.: The readef.is referred to stratigraphic pro-

file 78-9 in the Appendix.

In the Glenbow Lake area just south of the Bow River
the Indus till overlies bedrock and is overlain by hummocky
Glenbow silt and clay. . The stratigraphic relatiohships are

illustrated in Figure 4-4.

( . .
Although surficial materials have been extensively

reworked in the City of Calgary proper, some stratigraphic
information is available from the "Inventory of Environmental

S : : "
Geology of Calgary, Alberta". Cross-section Figure 4-5 shows
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Indus till as a valley £ill within the Elbow River Valley.

The base,of the till was not encountered, but the unlt

overlaln by glaciolacustrine sediments. -

To the east of Calgary, on the Dq}roy she 2y tH
_S ‘NJ - \ "

till is either the surface till or it: ﬁf covere kbyLa discon-

SR,
tinuous veneer of younger till. The contact for th1s younger

Eill‘and fheJIndus till trends north-northeast along Chester-
mere LakeL(Figure 1-2). Thé elevation of this morainal con-
tact varies from 3250 in the nbrth to 3375 in the southern
bért of the Dalroy sheet. This contractgggg be traced fu;ther
south on the Dalemead sheet up to the Bow River. gtratigra—
phic.relationshfps_for the Indus and younger till are indi-
cated in Figure 4~6. Air photographs of thg ;?stern part of

" the Dalroy .sheet indicate numerous recessiocnal moraines.

The ground moraine of this area is locally covered by out-

I

wash veneers and lacustrine sediments.
s

To the southeast part of Calgary on the Dalemead sheet,
the Indus till overlies sands and gravels (Test Holes 77-25,
77-26 affd 77-29) or Glenbow silt and clay (Test Holes 77-4

and 76-47), or bedrock (Test Holes 7§-84, 76-37 and 76-110).

In most cases, the Indus till is at the surface, al-

though it is veneered locally by lacustrine and out&aéh

\
\

silts and sanas. In the southeast corner of the Dalemead
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sheet, the Indus till occurs ag a thick valley fill reaching
_a maximum thickness of 207 feet at Test Hole 77-29. South of
the Bow River, Indus till is absent as the surface rises.

Stratigraphic relationships are shown in Figures 4-7 and 4-8.

'Indus till is also found along the uppér'wa;ls of the

s

Highwood River Valley in Test Holes 76-109 and 76-87. A

complete stratigraphic section was Tfot enetrated in these
test holes. However, it is assumed that tern till
(perhaps Glenbow till) underlies this till at'depths below

Jiver level. While no distinct break ‘in till is observed
5at 76-i09, 8 feet:of sand aqd_qilt égparatés two'tills in
76-87. St;atigraphic relationships are.iilustrated'in
Figure 4-9.° - v

4

' Southwest of Calgary, on the Prgedis Sheet, Indus till

.

iswconfined to the Pine Ridge Uplénq or its flanks. On the

top of the upland, the till occ®rs as a surface till over-

lying bedrock. Along the upland) flanks, Indus till overlies
‘ , , ‘

either sand and gravel (Test ‘Hgle 76~107) or bedrock (Test

»

Holes 76-104 and 76-98).. IpAest Hole 76-106, Indus till™"
overlies A0 feet of silt (possibly Glenbow silt’énd clay
which in turn overlies a thin unoxidized.till (Glenbow till?),
.Stratigraphic re;atiqnships for' the ihdus titl on the Pine

Ridge Upland are indicaﬁed Qn iross—section Figure 4-10.



94.

paedays jo yinog

UOT3085-SS01)’

000‘'0G:T :SH
00S°'T:T ":8A

(S s

yooapag

Ae1o pue 371s moqualn

6°S¢ TITT3 . Snpul
T°¢€e . TI1T3 :oumcm@@wm

"mHHwowAwuﬂsﬁmumﬂumuum

Figure 4-7

, o
- A 4
0o | . . [ ooze
Katten
mog \
n e
Z ve = = L oo0¢€¢
1°€2C = =
i =
3 - - 00vE
% ,
. . S W i : o= ) Kis -
* Yo LT ) L
. “..ha. : .Vw °
3 g . 4\A. ‘ X < N M P, S ok .
2 - Loz N ~ w.w -
v -t - - 3 T )..n o ;
,,..... =7 ‘ 5 N .‘J ) , B ..U
- 8¥-9¢L ¥8-9L . T - v-LL ¢ L N Ly-9¢ by .




95.

SNpur JO Yinosg UOT309G5~-5SS0aD

. ‘ ‘ | 3do0apag
000'0GS:T :SH , pues pue T1aaexb uemayojeyseg
00G‘T:T :sA 8°p¢ _ IIT3 snpury
:89T7T130xdg or1ydeabriexls
wm — 00T¢"
Ww
7
o
mm oozt
Wm
L MM — o00£g
o

LE-9L ; 18-9L 62-LL 9z-11

Figure 4-8




96.

Aof[en POOMUBTH JO UOT3IDIS~-SSOID

000°0G6:T *:SH
00S’'T:T :SA

L8-9L

T°9¢ TI1IT3 snpul
Aeto pue 37TSs snpul .

£€°8C - T1T3 uojbuippag
KAe1o pue 371s uojzburippag .
L-°ce TIT3 uUojuIMaqg
S :9TT301d Uﬂcmmumﬂumuumm

p—t

Ka11eA poomybTH

J

60T-9."

00Z€

‘00€€

00vE

004¢

Figure 4-9




97.

puetdn 8bpty BuTqg UoT30985-S501D)

2

o4

86-9¢L

000°05:T : gy
00S°T:T : SA

Z°s¢

..JI%

AdDOxpag
-C°S¢E "TTIT3 snpurl
‘91713019 oTydeabrjzeaxg
T
£°9¢

JI¥

00T-9L e LT-SL

Figure 4-10

— 006§

| 000V

—— 00TV

— 002%

— . 00¢€y




D

Physical Attributes

till

N = 287 x = 12.0 R
N = 178 X = 16.6 R

N = 497 ' x-= 35.6 R

L 4

Laboratory analyses conducted on till samples of Indus ..

have shown the following range-of values:

sand/(silt &‘clay) ratio:

Nx

N = 332 =.0.36 R = 0.25 to 0.47
moisture content:
N = 256 X = 14.2 R = 12.2 to 16.2

illite/(iilite & montmoriilonite) ratio:

0.57 to 0.75

i

N = 174 x = 0.66 R

igneous metamorphic content:.

1.9 to 22.1

calcium carbonate equivalent:

11.4 to 21.8

liquid limit:

34.0 to 37.2

98.



Structurally, the Indﬁs till is stiff where it

cd

occupies buried valleys, but is often’dry and crumbly on

the upland areas, most likely iﬁ;fésponse to post-glacial

. . oo
desiccation.

o

?

The 1gneous/metamorph1c content of the indus till,
as determined from the coarse sand fractlon, generally
exceeds 10 percent where the tlll occurs as valley fill,
while on the upland area, the igneous-metamorphic content
is eithér absent or in trace amounts. The low content:of
Shield-type fragments on the uplands-can be qttribufed
to two factors. Oﬁe is thevénglacial position withindﬁhe
iée as it shears up and around bedrock controlled uplands;
and the other to the massive volume of western-type litho-~-
logies incorporated by the eastern ice. 1In a continental.
glacier model, virtually all debris is carried near the
base,of the ice with minimal ;ediﬁent carriéd upward into
the iée. When the ice encountefs\bedrock uplands, it seems
reaéonable to expect that the incorporated local sediment
will dominate. S J

| \\ |

During examinatioﬂ‘of the sand@ and pebble fraction of

the various tills, a rather enlightening phenonenon was

encountered. vTraditionaliy,ﬁstudies in glacial stratigraphy

99.



in Western Canada use the percentage of Shield stones

to diétihguish between eastern and western ice.- As an

- exéefiment, thg autﬁor examined a number of sﬁze fracﬁiéns
fér a given till sample. While the pebble fréction was
distinctly absent invShield—type lithblogies, the latter
was detected in the mid to fine s%pd fraétioné. There-
fore, on the basis of pebble analysis oqu, the till has

a wesée:n Source,.but the various sand fractions would
indicate an eastern squrcé. It would therefore'appear
that one could in fact be mapping nothing but till iitho—
facies of a specific size fraction - a somewhat meaninglégs
éxercise; In view of this, it shauld not-appear startling

that the Indus till could have such a wide variation in

igneous-metamorphic: fragment content.

4

The following table which summarizes the physical
attributes of both the Indus and Glenbow tills, indicates

a significant contrast in their properties:

Parameter Gienbéw Indus 
LL. 18.3 35.6
S/ (M+C) . 0.06 . 0.36
IM° ~absent . o 12,0
= MC IR 14.2
’ I/(I+M) -  0.66

cc 56.0 16.6

100.



" Indus Silt and Clay N

4

AVStratigraphic Position, Distribution and Thickness

The name Indus 51lt and clay is proposed for the
laminated silts and clays which overlle Indus tlll The
type reference section 1s in Test Hole 76-40. The base of

I N~—
the unit is a 35 foot thick, fine to medium sand, dark grey

¢

sand which grades upward into a 22 foot 2zone ﬂf interbedded

olive brown to olive grey silt and clay. The top of the
unit is cdapped by 15 feet of clean, fine to medium, dark

greyish-brown sand of probaBle dune origin.

The Indﬁs silt and clay ié preéerved only within pre-
Second Glacial Event drainage valleys where it escaped”
subseqﬁentverosion. As a fesult, Indus silt aqd'cléy is
generally found only within the old Calgary Valley drainage
system. Two previous cross-sections, Figures 4-5 and 4-9,

" indicated 65 feet of Indus silt and clay within the Elbow
Valley and a.thinner 10 foot section of sand within the
Highwood Valley, respectively. The thickest section‘of
documented‘lndus sixf“énd clay occurs in the type section -
in the area of Bow Ri "~ bend; Twp. 22, Rge. 29. At this
| locality,'Indué silt a:r- clay overliés Indus £i11 and is
overlaln by the. youngef De¥inton till. The stratigr phic
relatlonshlps at the type 'section are 1llustrated 1nikross—
section, Figure 4-11. fourth occurrence of Indus silt
and clay was found within the Lloyd Lake basin where .

it overlies Indus till and is overlain by sand and gravel

101.



1102,

o
.

PUBH IBATY MOg UOT3085-SSOI)

vj.

Xo0apag

: \ £°9¢ T1T3 snpul

Ae1do pue 3TTS snpul

000°05:T :SH 9°1¢ TET3 uo3luTMeq
00S'T:1° :sA - AeTo pue 371s uojuTMag

:97130ad otydeabrieaas

TITT

[ 00f£¢

Zg

— 00b¢

L gB-9¢ 0v-9L e-LeL

Figure 4-11




103.

aQ

of probable fluvioglacial origin. Figure 4-12 shows the

stratigraphic sequence at the Lloyd Lake locality.

\
q ]

Although drainage channels associated with deglacia-

» B - N
tion during the Second Glacial Event are no doubt present,
only éysingle fluvioglacial’deposit was encountered during
the test drilling program. Test Hole 76-59, within the Lloyd
Lake basin encountered 30 feet of gravel and medium to coarse
sand overlying\Indus silt and clay and, in turn, overlain by
Beddington silt and clay. The clean nature of the granular °

deposit as well as its coarse grain size indicates a probable

fluvioglacial origin. : .

Two other drainage chénnel§'appear associated with the
Second Glacial Event. North of Lloyd Laké'a buried.channel' o,
trending wesgt fo east contains younger till overlying bearock.
Similarly, within the Elbova;yer south of Cairn Hill, this
' same youﬁger till overlies beérock. Absence oflfluvioglaqial
deposifs‘withih these Channels would éuggestﬂtheir origiﬁal
thickness was small or thaf they have beeﬁ completely eroded

~

during the Third Glacial Event.

’ -
¢
g

Third Glacial Event

The Third Glacial Event was the last extensive glacia-
tion within the Calgary.area and was responsible for genera-
ting most of the geomorphic elementsvﬁow visible in the study

area. The ice mass for this event originated in the northeast and
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7 o ) .
was responsible for deposition of the well documented quart-

zite erratics train.

r

Stratlgraphlc evidence for this event is provided by the
liguid limit parameter and stratlgraphlc position, aided in

part by sand/clay ratios and coarse sand fraction.

The main deposits associated with this event are-ﬁﬁe
Beddington till and the Bedqington 51lt and clay. Numerous
meltwater channels associated with deglaciation of the study
area are evident on topographic maps and air photographs.
These chénnels apd their, fluvioglacial sediments are dis-

cussed as they relate to d%glaciation.

Beddington Till

Stratigraphic'Position, Distribution and Thickness

A

: The name Beddington till is proposed for a sandy till

-

which contains numereus scattered quartzite erratics. The N
name is.derived from the historic Beddington E;ratic which
lies in LSD 13, Section 23, Twp. 25, Rge. 1, W5M. The type
referenee‘section'is"represented by Test Hole 74-6 which is
located fwo mjles east of the Beddington Erratic. The!type
‘section contains 69 feet of olive brown to grey, sanay silt
tilrl], with minor amounts of igneous-ﬁetamorphic stones and

an average liquid limit of 27.3.
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.

The Beddinéton till %g/iound to occur in one .0of' four
strgtigrAphic relationships. 1In the'prairie region on the
east side of the study area, Beddington till occurs as a éurd
ficial unit and overlies bedrock at depth (Test Holes 74-6
and 74-15). Within the'old Calgafy Valley drainage system,
Beddingtoﬁ-till'is found overlying Indus till, indus silt \
and ;lay, or'SaSkatchewah gravels. Beddington till ovgrlying |
Indus till is founé on the northeast flénk of the Nose Hill
Uplénd in Test Hole 74-29, on the Pine'Ridge Upland iﬁ Test
Holes 76-97 ahdk76f66, and along the éoutheast flank pf the .
Cairn Hill Uplandﬁin Test Hole 74-40. Albeit thin, ice dis
inferred to have overrun all the bedrock controlled uplands

within the Calgary area. The above stratigraphiq‘relation—

ships are illustrated in two previously sited cross—sectidnﬁ.

Figure 4-5 shoWs.the’Beddington till”overlying Indus silt and

.clay within pﬁe Elbow Valley, while Figufe 4-9° shows this till

overlying either Indqs'silp and clay (76-87) or in contact

with Indus till"(?p—lde. A third cross-section, Figure 4-13,

illustrates thevStra;;gfaphic'relationship'along the northeast

flank of the Nose Hillepland, ‘

Béadington till is fqund overlying reworked bedrock along
the entire length of the Elbow River in Twp. 24, Rge; 2.
Likgwise, it is found within the Lloyd Lake basin in Test

Holes 75-24 and 75-26 where sediment from the Second Glacial

. Event was eroded.
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e

The only location where Beddington till has a rather

22D
continuous cover on an upland area is Cairn Hill (Test Holes

74-69, 74—@1, 74-45, and 74-46 on top, 74-60 and 74-63 on
flank). The till occurs as a surficial veneer, usually less
than 15 feet thick, on the western part of the upland. On

the eastern edge of the upland, the till gives way to Sask-

atchewan gravel and sand.

On Nose Hill, the Beddington till occurs as a discontinuous
veneer except where it locally infills topographic lows in
the Indus till, such as in Test Hole 74-77 'where the till is

|

' '45 feet thick. Other isolated deposits vary in thickness from

2} :
10 feet (Test Hole 74-32) to 35 feet (Test Hole 74-28).

Within the Nose Creek area, the Beddington till acquires
a thickness of 69 feet at the type reference section. Else-
where on the:gently rolling-prairie terrain, the thickness

seldom exceeds 357feet;

On the Pine Ridge Upland, Beadington till was not en-
countereé in any of the test\hoﬁes.. However, it reaches
a thickness of some 65 feet in Test Hole 76-97 along £he south-
east -flank. 'Els§Where, it is a veneer varying in thickness
from 5 éeet (Test Hole 76-104) to 15 feet (Test Hole 76-72).
In the Lloyd Lake basin, the Beddington till aﬁfaips a maximum

thickness of 37 feet in Test Hole 75-26. The till is generally

confihed to an east-west channel just north of Lloyd Lake. ‘ -

2
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Within the Bow Valley and the City of Calgary core, the
;nvento%y Study indicates Beddingtoﬂ-till underlyiﬁg either th%ck
deposits of Beddington silt and clay or post-glacial alluviéi
gravels within the modern day Bow River Valley. North of the Bow
River, Inventory Test Holes 2160 and 560 recérg é plus 43 foot

and 38 foot thickness, respectively, of Beddington till.

The distribution of éhe Beddington till indicates a
minimum elevation of 4,250 feet for advance of the ice‘mass
during the Third Glacial Event. This elevation is determined
from a small kame deposit which lies on the western boundary
of the Cairn Hill Upland in the northeast quarter of Section
19, Twp.' 24, Rgé. 2, WS5M. A similar, small feature kame
occurs on‘tﬁe Nose Hili Upland in the south half of Sectidn

28, Twp. 25, Rge. 2, WSM.

Geomorphic Evidencé and Ice Direction

.

Geomé}phoiogically; the Beddingtoﬁ tilllforms érpund
moraine with relief in'the order of 10 feet. In the Nose.
Creek area, the tili is characteriéed by numerous Washboard
structures and glacial flutings. North-south trepéing wash-
board moraine{is visible on air ph&toéraphs in Sections 11,
12, 13, 16 and 25, Twp. 25, Rge. 1, WSM, and Section 36,
Twp. 24, Rge. 1, W5M°iﬁdicating an ice direction from the

east.  Evidence for a northeast to southwest ice direction is

found along the northeast flank of the Nose Hill; Upland in
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Section 2, Twp. 26, Rge. 2, W5M, and Sections 2 and 3, Twp.
26, Rge. 1, WS5M. At the latter location, washboard marks are
Na;:.j

‘parallel andéflutings normal tb the northeast flank of the

upland.

Glendinning (1973) has done a till fabric study on sur-
face till south of the Bow River. In the area of Jumping
?ound Creek, he indicates an ice flow direction to“the east;
east of Highway 2 a direction to the west; and between the
two areas, particularly on Cairn’Hill, and the Sarcee Military
Camp, a'mixed:zone with both westerly and northeasﬁerly ice

directions. .
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Laboratory analyses conducted oh-till.samples of Bedding-

ton t@ll have shown the following range of values:

sand/(silt & clay) ratio:
N = 193 X = 0.32

moisture content:

N = 231 t? 14.2

-

R

0.19 to 0.45 -

11.6 to 16.8

it

illite/(illite & montmorillonite) ratio:
{

N = 35 X = 0.73

igneous-metamorphic content:

= 4.3

"1

N = 79

calcium carbonate equivalent:

N = 172 X = 4.3
liquid limit:
N = 288 X = 28.4

The l6EIBWl

R.

R

table compgies the
f I

0.66 to 0.80

0.7 to 7.9

15.7 to 25.5

26.0 to 30.8

results of the physical

ﬁpropertiés_of the tills thus’ ehcountered:

/ N

. 0.36

Parameter

IL 18.3 \/ 35.6
S/.(M+C) 0.06

IM L abseﬁ

MC ya // ;4,2
I/.(I+M) ’

cC-

Glé}QEfi' Indus = Beddington e

28.4 . ™

0.32

4.3

14.2

0.73
.20.6 °



Comparison of the results indicates a contrast fof thé
two eastern versus one western. till. ‘'However, with the
exception of the liquid limit and possibly igneous-metamor-
phic content, the other parameters do,nof readily distinguish

between the two eastern tills.
" Quartzite Erractics

The Beddington Till is characterized By large biocks of

guartzite and pebbly quartzite scattered along a parrow belt:

in the foothills of Alberta. The largest‘quartzite erratic

within the study area is the Beddington Erratic located

in LSD "9-26-25-1-W5M. N4 ,

Considerable work on the Erratics Train has been

. B . .
carried out by Stalker (]956). He comments (p:710):

"The blocks rarely show significant

weathering aside from frost action...

'No glacial striae were discovered.

during careful examination ,

of many of the blocks and it seems ' . J
probable that none was produced during
transportation of the erratics to their

present position..... ", ' ’

’Stalker describes the erratics as follows:

"The rock is very uniform in char-
acter over the entire length of the
belt studied..... It consists mostly
of fine pebble conglomerate and coarse
- massive to bedded quartzite, cross-
bedding being commonly displayed. The
. coarse quartzite dnd conglomerate hor-
izons are commonly separated by a silt-
stone or shaly bed, % to 1 inch wide.
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Quartz veins of about the same thick-
ness also occur in a few of the blocks.
The rock commonly breaks along,these
beds or partings and along the veins".

With'respect to the source and mode of transportation,

Stalker (1956) conéludes :

"Valley glaciers could have quarried
- the rock from the valley sides and
received the boulders directly on their
surfaces.,...Had only valley glaciers
been present the erratics would have
been deposited in lobes opposite the
valleys. . It seems logical to conclude
therefore that mountain glaciation
alone could not have effected the
‘present distribution of the boulders..
. Regardless of the source of the
erratics Laurentide ice was necessary
to effect their distribution in a narrow
belt controlled on the east by elevation.
The large size of many of the erratics
and th¢ absence of striae indicate.that
'~ the blocks were carried on or near the
surface of the transporting glacier".

Additionai Qork by Mountjoy (1958) concluded.phaﬁ the
bavell Formafionyéf Lower Cémbrian age neaf'Jasper,
Alberta was‘the‘soﬁrce’of the errgtiCSEand an Athabasca 
._valley glacier was the transporting agent. fMountjoy's
conclusions'we£e based onléhe similafity of lithologic.
de#ériptions betweeﬁ the rocks of the Cavell Formation

and those described by Stalker (1956).

“There is unequivocal evidence for ice deflection

“adjacent to the foothills. Roed1(1975) mapped drumlins
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and other glacial lineaments south’ of Edson, Alberta.
Boydell (f972)'alsaumépped'drumlins and glacial flutings
.ihaicating a squtheast&ard movihg icé mass west of éylvaﬁ
Lake. South of‘thg Cglgary area, Jackson (1959) mapped

a drumlinized terfain with a southeasterly flow from the

Bow Valley ih the viniéity of Jumping Pound Creek.



Beddington Silt and Clay

_Stratigraphic Position, Distribution and Thickness

)

The name Beddiﬁgton si;t and clay is proposed for
an interbedded sequence of silt and clay whi;h overlies
Beddington till. The type'reference section is in Test
Hole 7%—22 where 62 feet of glaciolécustrine_sediment
separates the underlying Beddington till from the overlying
DeWinton till. The base of’the unit is a 35 fost thick grey
clay, which is plasfic and occasionally mottled with silt.
-Except for small interbeds, the clay showé maséive'bedding.
InVQHe upper 27 feet of the unit tﬁére is a considerable in-
crease in silt‘content"geheratinQ‘a clay extensively mottled

by irregular: silt pockets, blebs and lenses.

An extensive glécial lakg‘system is associated with
deglaciationiof the ice mass for -the Third Glacial Event. .
Aﬁ upﬁer limit for glaciolacustrine sedimentation is recorded
in Test gole 77-16'at an app:oximétevelevation of 4;346'feet.
At this locaiity, 46 feet'of'laminated clay.overlies a stdnéy

till.

It éppears that deglaciation during this event was a
progressive retreat with lake levels dropping as the ice re-
treéted eastward. Althoﬁgﬁflake sediments are found as high

. e R Pl :

as 4,340 feet, the highest Hrainage_outlet is evident only

115.
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at the 4,000 foot elevation within the study area. Stalker
(1968), studylng the geology of the Cochrane terraces,
descrlbed three major deltaic terraces above the townsite.
Terraces at 4,Q00, 3,950, and 3,850 feet were all considered’
to be the result of deposition of outwash from Bighlll Creek
into ssuccessive stands of a glacial lake. Thevchange in

each glacial lake level is marked by a north-south trendlng

meltwater channel,; generally with a delta deposit at its

southern end.
[}

The.Beddington.silt and clay is found associated with
two major.stratigraphic pcsitions“. In the nor thwest part of
the study area near Glenbow Lake, Beddington silt and clay
overlies Ind&s till. Throughcut the reﬁaihder of the area,
it exclusively"overlies Beddington till. A single'cccurrence
of Beddiﬁgton silt .and clay overlying bedrock, is ﬁound onv
the northeast flahk of Pine Ridge Upland in Test Hole 76-69..
With the exceptlon of the buried Calgary Valley system, the

' Beddlngton silt and clay occurs as a surf1c1al unit. At

_//~th%s latter locality, Beddington silt and clay is overlain

, .
by the youngest till in the study area.

On the Nose Hill Upland, Beddington silt and clay is
generally qulte thln, as in Test Hole 74-55 where it is flve
feet thick. An’ exceptlon occurs in Test Hole 74 78 where the
51lt 1s 50 feet tthk and appears to occupy a 1ow w1th1n the~

post—Second Glacial Event topography.
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Within the Bow River valley,_east of the Bearspaw Dam,
Beddington silt and clay reaches a thickness of 77 feet in
Test Hole 74—83;"At Test Hole 74-59 on the‘souﬁh side of
the Bow River, a minimum thickﬁéss of 96 feet was encounte;ed

as the base of the unit was not reached.

In the Glenbow Lake area, Beddington silt and clay
overlies Indus till. The thickest section of glacdiola -
trinexwas encountered in Test Hole 78-17 at a thickness of

. 1

68 feet. e ‘ N\

<
¢ e 4
- 12

_Within the Elbow;ﬁiver valley, Beddington silt and clay
°ou£c;6ps and excluéively overlies Beddingfon,till. Bed@ingtoh
silt and clay reaches a maximum thicknes; of 87 feet in Tést
Hole 74-41 and wedges out in a north and south direction as
it approaches the Cairn Hill and High Butte, respect;..ively.

At Test'Hole 76-59, near Lloyd Lak;, Beda@ngton silt -

~and cléy if 50 feet thick and overlies fluvioglacialpsédi;?
ments. associated wiqhhdeglaciat;on du;ing the‘Inaus"till |

glacial event. o . - S

Within the Ciﬁy'of Calgary proper, Inventory Test Hole .
\ I952 records 108 feet of glaciolacustrine sediment on ‘the |
‘north bank 6f the "‘Bow River. Between thé prntown area and
iMidnaéore, theére igia’compleﬁ interbedding of glacial sedi-
ments which"appear to includevIndus till, Beddington silt and
clay, Beddington till and the youngest till and glacioldcus-
trine sequence. Since dépthito bedrock is less than 25 feet
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in most cases, and the units are less‘than 6 to 10 feet
thick, little confldence is placed on belng aple to decipher S

the” stratlgraphy. ) .

‘Beddington Silt and. Clay Related Drainage Channels v

. Within the Calgary area, a large number of meltwater
channels and Splll&ays are assoc1ated with the retreat and
deglaciation of the Third Glac1a1 Event. » Each channel is |
related to a drop in water level,as the ice retreated east-~
ward. These lake still- stands are descrlbed from west to

east acrzés the Calgary area and their locatlons are .reflected

on Figurkés 1-3 to 1l-¢ by the allgnment of meltwater channels.

Still-Stand at Elevation 4,000 Feet

The first recorded major still-stand in the history of
deglaciation is fhev4:000'foot level documented by;Stalker
=‘(l968) north of the Town of Cochrane. The still-stand is
\refﬁegted by a flat-topped deltaic terrace. To the south,
the 4,000 foot lake level is représented by the Pridd'J;.;s _V
Channel which parallels the southwest flank of the Pine
‘Ridge Upland, and runs northeastward toward the Sarcee Re-
}.serVe. Tnis part of the channel is presently oecupied by Fieh
Creek. The channel ls some 17 miles in lengh and about42,1
miles at its widest point near the Town of Priddis. . Although
no visible delta is associated with this channel,'it'is locally

s
Esr.

z
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floored by gravel, as seen on the Priddis topographic‘sheet

in Section 13-21-3-W5SM.
Still-Stand at Elevation 3,950 Feet -~

This stiil-stand,is documented by Stalkef‘(l968) from
a gravel terrace nortk of Cochrane. Although no othe; 3,950
level channels are evident, it is assumed that the large,
‘extensive Priddis Channel complex served to drain water south-
ward at this lake level stage. There is a fairly well d;— ,
fined 3,950 foot elevation lake terrace in Section 34-21-3-W5M

and Section 3-22-3-W5M, approximately 3% miles south 6{ the’

Town of Priddis. - : ‘ #
Still-stand at Elevation 3,850 Feet o - ’ T

This- lake level has also been documented in the Cochrane
area byfstaiker (1968). A well defined  deltaic terraceawas,

formed, as Bighill\Channelndrained into a élacial lake. | i

North of the Bow River in the east half of Section 19
and the west half of Section 20:24—2-w5M, £he Twelve Mile
Coulee delta fecords the. 3,850 foot level. It'is a ﬁarrow
¢hanngl, aﬁout 0.2 miles at its widest poiht and about l;i
miles in length. '

A second, much larger channel also drained tbe Nose Hi11 

~—

Upland at the 3,850 level. This channel, called the Reilly
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Channel has a well developed delta lobe which crosses at
the 1ntersectlon of nghway 1A and 85 St. N.W. fThe delta .
"lobe covers Sect®ns 9, 10, 15 and 16~25-2-W5M. The upper
part of-the channel is only 0.3 miles wide, but has a minimum
depth ef 100 feet. Overall, the channel is approximately

1.5 miles innlenéth.

South'of the Bow River, this lake level is represented
by the Bearspaw Channel which lies along the west flank of
the Ca1rn Hlll Upland - 1n Sectlons 26, 35 and 36-24-2-W5M.
The channel is about 2% mlleé long, as indicated by the
3,875 contour line on the Calgary Sheet (820/1, Figure 1-3)
and 0.6 miles wide at its north end. The southern end 6}
this channel is littered with exposures of gravel and a low

atv
&

relief delta. A water well at é.W.—26—24—3—W5M,recorded

99 feet of sand and gravel overlyingqbedreck.

Within the Prlddls Sheet (Flgure 1-6), the 3,850 foot
level can be traced along the Lott Creek -~ Slx Mile Coulee
Channel, which crosses the Sarcee Reserve in a southeasterly
direction. ' The chanpel is over k3§ miles in length and in
places 0.5 miles wléé. It 1quu1te shallow and lacks the
‘welI defined valley sides typlcal of*most meltwater channels.
The max1mum elevation of the channel floor is approx1mately
3,820 feet -No gravels are evident anywhere along 1ts length.

- Based on-the shallowness of the channel and lack of gravels,

it is concluded that a relatively small- flow existed as this

~
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channel drained into the Fish Créek basin.

Still-Stand at Elevation 3,750 Feet

%

L d

A fourth major still-stand is'fepresented approximately
by the 3,750 foot elevatioﬁ.‘ This sefies of channéls can be
traced froﬁ’the soﬁthwest“flank of Nose Hill southw;rd towafd
Pine Creek. Along the southwest flank, tﬁe upper reach qf
the Raﬁchland Channe; is\outlined bf the 4,OodAf66t countour.
" The chahnel_is‘not readily traced southwaré:ﬁd,e;eyatioq
3,750. However, at this latter elevation, the 1:50,000 topo-
graphic map indicates a gravel pit_in N.E.—Z—ZS:Z—WSMQand

N.W,.~-1~25-2-W5M w%;h.a“well defined delta lobe.

South of the Bow River, the Sarcee Channel marks this

3,750 lake level. This channel is located on the east flank
W

of the~Caign“Hill upland in Sections 1, 12, 13, Twp- 24, V
Rge. 2, E5M. Tpe chgnhel is approximately 3,milés in 1engg?
and 3/4 miles in width, with an average Aepth of 60 feet.
:The west side of theﬁSércee.Cha:£el is wellldefined and-cut ’
into bedrock."The east side of the channel must have been

o ) .

contained by ice, as thé:deposits grade gently eastward inﬁb

glaciolacustrine silt and clay.

“

- The southern end of the char el ié‘marked‘by the Sarcee
Delta, a large continuous lobe of coarse gravel, sand and

gravel and cross—-bedded sands dipping southward. The north
. , S
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/ o
wall of a gravel pit w. .in the delta contains approximately
60 feet of stratified sand and gravel with numerous stacked
channel sands grading from sand and gravel at the base to

thinly bedded silt and clay at the top.

Sou of the Elbow River, the Fish Creek - Lloyd Lake
Channel warks the 3,750 foot level. The channel starts in
a gully southwest of Glenmore Reservoir and fans south to
Fish‘Creek, turns sogthwest and ‘then south into the Lloyd
Lake/basin. North of”Fish Creek the channel is marked by a
north-south slough alignment and a gravel pit in the central
part of Section 13-23-2-W5M. From Fish Creek to Lloyd Lake,
hthe qhénnel is shallow and not less than 0.5 miles in widﬁh
‘at-“its narrowest part. The maximum élevation of .the éhannel
fldbr at this no;;hern end is_abbut 3,730 feet. At the~1aké,
.the.channel widens Fo about-1.8 milesoand bifurcates. North
of the existing Lléyd Lake, the northern channel trends east-
west. It is some 4 - Similes in length with ‘a ma#imum“width |
6f 0.6 miles;:ﬂTﬁe'southern channei tﬁrns southeast of Lloyd
Lake( " These tﬁo channels, whose sides are marked by the
3,750 foot ciftgur,lgre both about 1 mile in length and 0.2“
to 0.3 miles 'in maximum width;" They both drain southeast

n -

_into the Pine Creek basin.

o

No evidence for glaciolacustrine deposits was found

above elevation 3,750 in the Lloyd Lake area. It aﬁpears
‘\\_/'. .
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that this basin acted as a holding basin to carry flow from

the Elbow and Fish Creek Valleys to the southeast.

Still-Stand at Elevation 3,650 Feet

Another still-stand in glacial retreat is represented .
.at the 3,636 foot elevation.: Much of this channel is ill-
defined due to its shallow nature. It is identified on the
Foédgraphic map by the’gresence of elongate sloughs aldng

its course, as well as occasional gravel pits.

On the Calgary Shget, the still-stand is represented by
three well défined and one po?rly défined channels. The m?st
prominant channel is the Bedroék iné¢ised Beddington Channel
in ﬁhe northeast flank of.Nése ﬁill. This channel extends
, some 25 miles northwest to beyond the study area ard is approxi-
’mate£§ 0.8 ﬁiles wide with a maximum depth of 80 feeét in

N.W.-21-25-1-W5M. Moderately thick gravels overlie weathered

o

bedrock along the channel walls. The Beddington Channel gives'
_ ‘ e R ) |
" rise to a_majﬁ?“delta at its southeastern end. The topo-

graphic map iﬁdicates extensive gravels covering the north

half of Section 15 and the south half of Section 22-25-1-W5M.

Another ¢charmel, documented by Meyboom (1961) but
unnamed, parallels the southern flank of the Npse Hill Upland
and is herein called the Highland Chanhel after the Highland

’ N . i . (Y .

Golf Course which is located within the channel. This’
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channel is approximatel 4 miles in length and about 0.6
miles at its widest point. It covers Sections 28, 29, 31,
32, 33; and 34-25-1-W5M. The presence of gravel pits at the
western end of the channel in S.E.-31 and S.W.-32-24~1-W5M
suggest that this ehannel may have been. reused by a subse-

quent advance.

South of the Highland Channel in N.E.—i9—24—l—W5Mzis
the Nerth Hill Channel.ﬁhich drains southeastward from
McMahon Stadium. It is a short channel, about 1 mile in
lengéh and 0.5 miles wide: An Inventory fest hole, I 2533

encountered 46 feet of a mixed lithology of gravel, sand,

silt and clay overlying bedrock.

South of the Bow River, the 3,625 test level becomes a
little obecure but-can be traced as a shallow, broad channel
from the Alberta Childrens' Provincial General Hospital
southwestward through the Mount Royal College campus where

a smailfdelta extends eastwardAoff the main Sarcee Delta lobe.’

. South of Glenmore Reserve;r, the channel is traced'elong
an alignment of sloughs in Sectien 7‘23—1—W5M. A greVel pit-
is visible on .airphotos along this alignment of the soueh.
bankvof Fish Creek in N;W.—31-22—1—W5M. The channel continues to

’

follOW'depressions marked by the 3, 650 foot contour in Section

30- 22 1-W5M, then swings easterly to jOln the northern Lloyd

Lake channel before moving southward into the Pine Creek Basin,
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, o N
and then Wilson Coulee.
still-stand at Elevation 3,550 Feet (\

On the.Calgary sheet, this still-stand is reflécted by
the bedrock incised Nose Creek Chénnel which forms a major
geomorphic feature in the_éést half of Twp.\25, Rgé. 1, WSM.;

) . : \

It extends some 30 miles in a north-south trend and is approxi-
mately 0.5 miles widé with a ma#imum depth of 40 feet. Most

of the channel floor is bedrock with overlying discbntinuous,
put widespread gravel bars. The extenﬁ‘of gravel deposits.

is seen on the topographic map in>Sections 1, 2 and 10-25-1-W5M

and Sections 13 and 35-24-1-W5M.

:The sputhern.extension of this channel occurs albng the
Elbow River where it’makes a right angle bend at the Glenmore}
Reée;voir. it is trééed éurther south througp'an‘alignment
of sloughs on the Canyoﬁ Meadows.Golf and Country Club, a
gravel pit at S.E.—5;23—1—W5M, and another alignment of
sloughs in the east half of Section 32—22—1—W5M. The 3,650 
.and 3,550 foot level‘chaﬂges amalgamaté at the northern Lloyd
<

LakevChannel. ’

’Still—Stands At Other Elevations

Three other channels, documented and named by Meyboom:

. *
] -

(1961) occur in the southeast corner. of- Twp. 24, Rge. 1,
' \ > .

W5M and are traceable as far south as the confluénce of the

N



- From here the channel parallels a well-defined gravel terrace,
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modern-day Pine Creek and Bow River.

;The Macleod Channel at an. approximate elevation of

- 3,450 feet, follows Macleod Trail southward through the City

of Calgary. It can be traced by extensive.gravel pits in

the'north_half of Section 10 and the south half of Section

{ .
15-23-1-W5M; gravels pits south of Midnapore in Section 34-24
1-W5M; and along a long, narrow élough and more gravel pits

north of Academy.

The Burns Channel represents the‘3,32§ foot level of
deglaciation.» This channel starts in the East Manchester
Industrial Park and follows a CP spur line southward to the

Smelting Plant in the south half of Section 26-23;1-W5M,‘

passes near the Bonhybrook Sewage Treatment Plant and joins

the Pine Créek‘Channel at Section 8-22-29-W4M.

The Ogden Channel is the lowermost channel at elevation

- 3,300 feet and contains the modern-day Bow River. Theigravels

'in these laﬁter two channels are probably a mixture of

(R

Beddington fluyioglaciél deposits and post-glacial river
graveis carried from the west by the Bow River. \\

\.

N\
\,

A\
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Fourth Glacial Event

The Fourth»Giacial E&éﬁt was tﬁe least extensive glacia-
tion. - All evidenge suggests an ice lobé-advanciﬁg from the |
‘north. This ice mass leff a thin veneer of till over the
‘lowland areas except where it infilled‘meltwater channels
formed in the préviouS'glacial event. Although the southern
extrémity of this advance is not identified'within the study
‘area, an east-west trending‘morainal ridge occurslsouth of
the Bow River from Twp. 19, Rge. 23, W4M westward toward
the Town of Okotoks. This morainal rldge is broken only by
the nghwood River and Arrowwood Creek drainage systems. The
ridge is rather well marked by the 3,500 foot contour souﬁh

of the Bow River on the 1:250,000 Gleichen sheet.

L4

Stratigraphic evidence for this event is provided by

the liquid ‘limit parameter, stratigraphic position, and the,

percentage of igneous-metamorphic components in the coarse

sand fraction.

The main deposits associated with this event are the

| DeWihton till and the beWinton-silt and clay. Meltwater
channels ass;siated with deglaciasion 6f this ice‘mass have
reoccupied former Chanheis’cut during the Third Glacial .

Event, in particular, the Glenmore Channel.
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Dewinton Till - N
Stratigraphic Position, Distribution- and\Thlckness

The name DeWinton till is proposed for a clay silt till
found north of DeWinton withih the o0ld Calgu. Valley drainage./
| systeﬁu The type reference section is representec - Test
_.Hole 77-38 whieh'cohtains_40 feet of till overly.ag 53 feet
‘of Beddington silt and clay, and underlying 27 feet of clean,

stone‘freel mediuﬁAto coarse sand of'pfobable‘fluvioglacial

origin. .

AIthough the DeWinton till is found to occur in three
different stretigraphie relationships, the most common is.
DeWinton till overlying Beddington silt and clay. ‘This re-
latioﬁship is encountered in a number:of tésé holes - 76-40,
76-42, 76-74, 76—76,>77—42, 77-22, and 77-38, and is restricted
to the Calgary Valley drainage system or.to pfeViously‘eroded
meltwéter.chahnels. Within_these buried.channels, DeWintén
till varies from 10 to 15 feet with the exceptioh being the
E&pe,reference section. Stratigraph@c'relationships within
Ehe Calgary Valley are illustrated in cfoss-secﬁionvFigure

4-14.

In ﬁhe northeast part of the study area, till is found
as a dlscontlnuous unlt overlylng Indus tlll into which it
probably grades eastward Tlll thlcknesses of 15 to' 30 feet

occur in Test Holes 76-22 and 76 -3, respectlvely
|
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\
Sout?west of Caigary néar Academy, Dewintoﬁ Till occupies
another buriea channel which'occﬁfs at an approximate'elevak
tion of 3/625 and 3,65Q_feet. Three test-holes, 76-108, ‘
.76-117, an'd 75-14, are aligned along‘this channel. | Along
this alignment, the till approaches 100 feet iqfthickness.
Fig 4-15 is a cross—section‘glong this fofmer chénnel.

The thickness of till in this channel is in sharp contrast

to much thinner drift in nearby test holes and water wells.

A second cross-section, Figure 4-16, illustrates the
stratigraphic relationships across the channel from the L1oyd
=-Lake area to the east;“The Lloyd Lake plateau has Beddington
silt and‘ciéy overlying}B;inn ton till. East of a ridge

through Test Hole 76-54, DeWinton silt and¥clay overlies

¢

4DeWinton till.

In the Blizzard Lake Area, Dewinton till is found
wedging out against bedrock. It is in the order of 15 -'20

 feet thick in Test Holes 75-7 and 76-75.

' Limited disﬁribufion‘and/or eroqioﬁ of the DeWinton till
has made i§5difficult to trace, partiéulari& in the City of -
Calgary. A number of Inventofy test>holes~(I710, I1660,
12816, 11503, I2461, 12928, I291s, 12898, IlBO,Pand I725 all
record thin'multiéle‘till seciions.and‘relatively éhalléw o
depths td bedrbck; Assuming these muitiple till sectiqns
reéresent the two yduﬁgeét tills, because of the shéllow dépth\

to bedrock, it fdllostthat they are probably Beddington and
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DeWinton tills. As discussed in Chapter III, the liquid limit
approach to correlation is ineffective for till différentiationi

where units are thin or interbedded.

' The relatively thin pature of the DeWinton/Beddington
tills and their associaféz glaciolacustrine or fluvioglacial
deposits can be observed in Tharin's (1960) Airport Section
and his Incinerator Section. The Airport Section is located.
in a sewer outfall gully in_S.E.;ZLZS-i:WSM, and contains two
tiilsvseparated by glaciolacustrine deposits. Liquid limits
conducted on £he uppe£ and lower tills yielded vqﬁues of 32.0
and 25.4, respectively. Similarly, at the Incinerator Sec-
tioq located in S.E;-3—24~1—W5M, two tills are separated by
lacusﬁrine and glaciofluvial deposits.. The upper.till yielded
a liqhid limit value of 30.9 énd,the lower till a value of
25.3 | |

oo

The distribution of the DeWinton till indicates a minimum

elevation in the order of 3,625 to 3,650 feet as the limit of

‘:_-w_'—\.\_

the ice mass during the ?ourth Glacial Event. This. elevation
is determined from channel-infill_depSsits along the approxi-

mate Glenmbre Channel alignment. " , ' S

" Physical Attributes

. ¢

;Laboratory analyses conducted on till samples of DeWinton
‘. , - (

till have shown“the following range of values:

-

(-



sand/(silt + clay ratio)

N = 128 . X =0.29 R =
moisture content: |
N = 185 x = 13.6 R =
illité/(il%ite + montmorillonite) ratio:
N = 70 x =0.72 R =
igneous—metaﬁorphic content:
N = 27 | X = 8.9 R =
caléiuﬁ carbonate equivalent:
N = 20 x = 17.3 R =
liquid limit:
N =117 x = 31.8 Q R =
lwhere-N = number of samples anélyzed
X = mean
R = range of values. !

#he following table compares

properties of the tills thus far

~

Pafametef Glenbow* .Indug
i S 18.3 - 35.6
S[(M+C)v 1 0.06....°0.36
AIﬁ "abseﬁt 12.0
Mc - 1.2
I/(1+M) - - 0.66

cc 56.0  16.6

~

i

described:

Beddington
- 28.4
0.32
4.3
14.2
'9.73

20.6

0.15

- 11.3

0.66

0 to

15.0

30.4

w

134.

to 0.43
ito 1579
to 0.78
19.5

to 20.3

to 33.2

the_reéults of the physical'

DeWinton
31.8

+ 0.29
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7

The data would indicate a contrast for the three

eastern tills versus the western till. However, it should
be pointed’ouﬁ ﬁhat bnly very li&ited data exists faor the
western Glepbow till. Among the parameters, only the

liquid limit enables a .distinction between tﬂe three eastern !

tills. —
- DeWinton Silt and Clay

Thé,name DeWinton silt and clay is proposed for laminated

glaqiolaéustrine silts and clayey silts of variable thickness
¥ . . . “ . .

within the old Calgary Valley draihage system south of the

- ) ‘ : ] ‘ . 4
Midnapore.district. The type reference section is represented
ol '-‘ B - X . ‘o 23 !
by Test Hole 77-22. A 10 foot thick unit,of DeWintonksilt
( . o ~ w
and clay overlies DeWinton till. The upper five fee‘“{; a

‘well sorted, clean sand which overlies five feet‘of silty

),

sand with till-like lenses.

N

The thickest section of DeWigton silt and clay is

_encountered in Test Hole 77-38 where'%7 feet of'medium,

N .

< - ' :
sténe free sand overlies the yod&gg;t till. Elsewhere,

. 0 . - s . o . ) ] n
the unit seldom exceeds .10 feet in thickness. A strati-
graphic section illustratfng the geologic relationship

Q

is shown on Figure 4-17.
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. iy ) /"

Other Studies ¢

8o

An examination of over 1,000 water well records ih_the
study area has yielded additional inforﬁation, particulérly
with respect to preglacial and interglacia; vaiiéys. .While
'there'is an inherent danger in accepting lithologic descrip-
tions done by water well drillers, it ‘has been fouhd that

;changes in lithology are rather well defined. g

b .

The pertinent water wells are located on Figureé 1-3 to

—

1—6~and-lithologic descriptions are appended to this thesis.

A summary of significant data from the water wells is tabu-

latgd as follows:

iy Channel
- Location Association L Remarks
. = ' .
NE-7-7-25-2-W3M = - Calgary Valley 236 ft. of drift overlying
. NE-8-7-25-2-W5M Calgary Valley 115 ft. of drift, 83 ft.

sand, overlying bedrock:.

NE-12-7-25+2-W5M Calgary Valley 222 ft. of drift over

NE-14-7-25-2-W5M  Calgary Valley 240 ft. of drift over
i lgh(xﬂ{ N .
NW-4-23-25-+W5M  Nose Hill -~ 92 ft. of gravels and
hmﬂderscxerk
NE-14-22-25-2-WSM  Nose Hill 47 ft. drift, J92 gravel,
‘over bedrock i
NE-15-32-25-2-WSM  Nose Hill 70 ft. drift, 100 gravel -

b : 7 & boulders, over bedrock

{

1

/ L

"3



% SE-2-22-29-W4M

SE-3-22-29-WiM
SE-4-22-29-W4M
SE-7-22-29-WAM

NE-31-21-28-W4M

SW-6-22-28-WAM

SE-1-22-29-W4M

SE-34-21-28-W4M

- NW-20-23-1-W5M

NW-1~23~2-W5M
&

o

SE-5-23=2-W5M

NE-28~22-4—W5M
NE-30-22-1-W5M
NE-34-21-1-W5M

]

SE—36—21-1—W5M

Nw 13-21-1--WSM

Calga/ry Valley

/
Calgary Valley

Calgary valley

Calgary Valléy

Calgary Vvalley

Highwood' Valley |

‘Calgary Valley

Calgary Valley

Calgary Valley

Calgary Valley

" Glermore Chnl.

Fish-Lloyd Chnl.

" Wilson Coulee

Wilson' Coulee

Wilson Coulee

-

138 ft. drift,
bedrock

165 ft. drift,

bedrock

~136 ft. drift,

bedrock

155 ft. drift,
bedrock

165 ft. arift,
bedrock

205 ft. drift,

182 ft. drift,
bedrock .

1126 ft. drift,
. bedrock :

150 ft. drift,

138.

22" grayel,
24" “gravel,
31 cjrével,
25" gfavel, '

42! gravel,

bedrock

42' gravel,

9' gravel,

bedrock

27" drift, 112' sand &

gravel, bedrock

156 ft. sand & gravel,

bedrock

110 ft. drift,
100 ft.-drift,
185 ft. drift,

160 ft. drift,
bedrock

bedrock
bedrock
2 ! gravel

25' gravel, -

84 ft. arift, 66' gravel,

bedrock

ot
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CHAPTER V

|

|
|
'

GLACIAL HISTORY .

General Remarks

The borehole straﬁigraphy and‘geographic distribution
of the tills discussed previously, provide evidenqe,foftthrée
énd possibly four significant glaciations with the Calgary
area. Iée margins were reéonstructed by examining thg stra-
tigraphic sequence and distribution’of‘subsurfaée.units, the
liquid limits,lﬁndwthe location and elevations of the various
meltwafer.channels and major spillways. 'Considérable e%phasis
has been'putlon the use of the“liquid limit parameter to

determine the position and extent of the ice frofits.

Pleistocene Drainage Modifications

The éreglaéial And/or interglacial drainage patﬁéfns Bf'
'the study area were fﬁnaameqtaily ﬁhe same aé today bécaﬁse
of the bedrock éont;olled uplanbs, bethen the valleys, ;hich
restricted dfainége‘chahges.  ?he drainage,‘through>£he'gla—
cial period, wés undoubtedly modified.by~spbsequeht.major
ice advances. Evidence for this is provided by the number

of tills which ‘are present within the valleys.

First Glacial Event

During the First Glacial Event, ice moved eastward out -
N ) . . P

139, . Lo
I3 . ) .‘1'?5‘9



of the Rocky Mountéins down pre—egisting glaciai

valleys and coalesced over the foothills tovform a
piedmbhf,giacier. Thé'eaStefn extent of this glaciér has

. been tracéd ﬁo_at least south of Shepard. Although limited
till deposits associated with this advance have been uncovered
to date, a number of thick glaqiolacustrine sequences are
-found occupying the incised Calgary Valley system\\ Based on

- the daﬁa control avaiiable, it would appear that preserva-

tion of deposits associated with the First Glacial. Event are.
. \;' r

confined exclusively to the ancient Calgary Valley system
where they underlie the material deposited from the earliést

known. eastern advance. ’ \

Retreat of this ice left a humber of newly created . —\ ¢
drainage valleys which became infilled'by subsequent ice

advances. 7 : N
. : ‘ - o

~Second Glacial Event - . L

The time "'span between the First andeecond’Glac;a;
Events is uhkngwn. There is no evidence for bﬁried soils
between these depoéits andvthose‘of tﬁepreceding advance.
However, deep tributaryfvaiieys;ﬁo the main Calgary Valléy
. \ 7 g

: 4. '
were incised duringgthe»poSt—glacialfperiod.»

t=

During- the éecondleacial Event, continental ice moved

westward from the Canadian’shield;',The glacier associated
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/

w1th thls advance was thick and extensive, as 1ticovered

old river valleys and all uplands within the Calgary area.

The max1mum~westward extent of.this ice mass is not known'

and presumabiy lies somewhere to the west (Jumping Pound
Creek?) of the stud& area. .The prominent\Bighill Creek Va;leyﬁ
in the northwest corner of the study area may representAan

ice marginal channel for this glacial event. However, bore-

hole data west of this valley éas’not acquired, so that the
origin of the.surficial deposits is unknown. Ice from this.
second event reached a minimumselevation of at least 4,350
feef a.s.1. Deglaciation during the Second Glacial Event is .
recorded solely by glaciolacustrine deposits‘yithin'the buried
Calgary Valley. - o

e : -

The ice mass must have remained at the eastern edge of

the study area for a con51derable perlod of time, for . the
tlll dep051ts are surf1c1al units as well as occupylng pre—
Second Glacial Event drainage valleys,.most notably the Indus

Tributary‘VaIIEy. A low relief morainal ridge is believed -

to mark a major standstill of the ice mass.
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Third Gladial Event

| The Jhlrd Glac1al Event was the laet e#tenslve
A
glac1atlon within the study area: -Glac1a1 flutings and
push marks record an ice flow dlrectlon from the northeast
for thls event It appears that a Cordilleran,glacier
within the Athabasca Valley was responsible for quarryino
“the qﬁartzite erratic blocks. However, the Laurentidé'lce>

.\/

_sheet wasAresponsible for distributing the blocks as . a
narro; belt of erratlcs on the western outsklrts of .

Calgary. The dep051tlon of the quartzite: erratlcs was
initiatedq by changesern elevatlon, particularly bedrock

uplands. As the ice thinned over these uplands, the

erratics grounded out.

"A small kame deposit on ¢airn Hill.yields,a - “7
minimum elevation of 4250 feet for advance of this ice - - ’C:l
mass. Alteit.thin, ice is inferred to haVe overrun all |
Vthe bedrock controlled uplands within the Calgary area.
'The max1mum westward limit 1s not attalned ‘within the
study area, but probably’lles;rn the vicinity of Jumping‘

Pound Creek (Tharin,:l960).



143.
\

Almost all the geomorphdc features present within the
west half‘of‘the'study&area are asSociated with the deglaciation-
of thisﬁice mass;’;Deglaciation is'characterized by huherous
meltwater channels and extensive glaciolacustrrne deposits

as the ice mass retreated east and northeast.

An upper lrmlt for glac1olacustr1ne deposition at ele-
vatlon 4,340 feet 1s found w1th1n the Whlskey Creek valley
in'the southwestern part of the Priddis sheet. The assump-
7tionhis'made that,the-retreataof the Third Glacial Event ice"
mass was a continuous regression,luith'lake levels dropping
as ﬁhe ice retreated eastward. Impouhdment of glacial waters

. {
is belleved to have taken place between thls ice mass and a
‘vwestern source 1ce mass further up the modern ~day Bow Valley.v--
Although lake sedlments are found -as high as 4, 350 feet, the

—

flrst major stand-stlll for - the ice mass was at elevatlon

4, 05d teet glV1ng rlse to the Bighill Meltwater Channel
'northeast of Cochrane. Stalker (1968), studying'the geology~
of the Cochrane terraces described three major deltalc
terraces above the town51te. Terraces at 4 000 feet, 3 950
‘feet and 31550 feet were all cons1dered to be the result.of

dep051t10n of' outwash from Blghlll Creek into success1ve

_stands,of Glac1al Lake Calgary.k

South of the Bow River, the 4,000 foot lake levei is

¢represented by the Priddis Channel‘treﬁdinginorthfrom Priddis
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5]

'fo tﬁe south near Millarville. The 3,950 foot lake leQel
does'net appear to:be present nerthlogfthe Bow River. --South. .
of the Bow, it is assgmed that the lake 1evel droppea accor-

+ dingly, but still maintained its position within the Priddis
Channel.

o

.A second still-stand occurs at elevation 3,875. North
oé the Bow'River, in_Section lé; TWp.‘25, Fée. 2, the‘Reilly
Meltwater Chahnel dfained into-open waters\of'the Bow Valley.
The samexchannel éan‘be'traced south of the Bow River in
_Section 25) Twp. 25, Rge. 3. This chanhel enableanwater
- within theaBow Valley to‘Spill'southWara into the.Elon Valleyié
The glaC1al lake 1mpounded w1th1n the Elbow Valley. apparently

ex1sted 1ndependently of that occupylng the Bow Valley except

for the Reilly Channel connection.

The Elbow Valféy drained southward at elevatidnv3 850

'through the Lott Creek - Six Mile voulee Channel and into

-the Fish Creek Basin.

A third still-stand occurs at an approximate §§750 foot
)elevation. Sogth of the Bow River,ﬂthe.Sarcee ﬁeltwater
Chahnel occupies a "sidevhillﬁ pesition on the east:side of
the Cairn Hill Uplandu\ The seath end of the channel‘conﬁains
_ ! ; : S
a faieed:delta feature in Sections 1 and 2, Twp} 24, Rge. 2.
Nerth:ef the'Boﬁ River, the Sarcee Chaanel‘caiébe traced to
. . %
another shorﬁ channel which drains Nese‘ﬁill. A small gravel

LN e |
v o . y
{3
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"deposit, presumably a delta, occurs at the south end of this
channel in Section 2, Twp. 25, Rge. 2. This channel, at
elevatign 3,750, permitted a second connection between the

Bow and Elbow Valleys.

"No eviﬁence 6f°glaciolacustrine deposits from the Third
Glacial Event was found above elevation 3,750. It appears
that this basin acted as a holding basin to carry flow from

the Elbow and Priddis-Fish Creek Valleys southeastward through
' \

tWo~para11él outlet channels into the Wilson Coulée‘Meltwater

~ Channel.

A fourth still-stand occurs at an approximate elevation
| . . : : :

of 3,625 to 3,650 feet. This‘still-stand as well as the next.
three, are apparently short lived.. South of the~Bow River
the Cﬂannél crosses the Mﬁunt Royal Collegé.campus and_then.
swings>é;ightlyﬁeastward near“leYd Lake and continues east

until it passes south of DeWinton into Wilson Coulee. North:

i

of the Bow, the channel ﬁasses_through'the present area .of-

McMahon Stadium. 1In addition,‘two other channels occur at

o e e

thé 3,625'elevati§n marklgﬁ the south and‘ﬁbrfhéast~éides_

of the'&o$?_Hill'Upland.‘ The Highland Channel formed in

the Vicinity of thevHighland Golf Course as ice began to
’stag'e én the Nb’se Hlll Upland.‘ This .cha";?nei was déveloPecir

concurrently with the bedrock incised Beddington Meltwater
- - v A . o v N - 2.
Channel on the northeast flank of the upland. As the ice

continued to retreat eastward, continued use of the Beddington

t
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~

Channel resulted in the formation of a delta as meltwater -

flowed into theipioglacial lake, ponded between the Nose Hill -
Upland and the main ice mass to the east. ‘

v

A fifth still-stand occurred at an elevation of 3,525 -

~

3,550 feet and resulted in the‘blockage of the interglacial-

Elbow Valley Qrainége. The meltwater channel parallels the

- M
right angle bend in the river at the Glenmore Reservoir and

proceeds southward to tie into the Wilson Coulee Channel.

\

North of the Eow River,Vthis still-stand is reflected by -
. \ N

the bedrock incised Nose Creek Channel. T

N

South of Calgary, in the Ogden-Midnapore area, two

'\f%therrshaliow channels mark retreatal stages of Glacial Bow

Lake. These ére the Macleod Channel at elevation 3,450 and

the Bonnybrook Channel at elevation 3,350.

The last documented channel is the post-glacial Ogden -
Channel in which the'modern?day Bow River flows. The eleva-

tion of the floor of this channel isvapproximately 3,300 feeﬁ.

{

Fourth Glacial Event

[
i
1

The_Fourth;Glacial Event was the leqst‘extfnSiye gia_
ciaffon;‘it'¥eached an elevation of about 3;625 feet. This
- ice mass advanced from the north leaving a thin till veneér
over the lowland areas except where it i?filled meltwater

‘ckannels\from the prévious glacial gvent. Although Ehe southern .

f . . s
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extremity of this advance is not found within the study

area, an east-west trendlng moralnal rldge Occurs south of
)

Bow River from Twp. 19, Rge. 23, W4M toward the Town of Okotoks.
This ridge is broken only by the Highwood River and Arrowwood

n - : \ N

Creek drainage systems

1 ridge jtrending northeast and

-'of Shepard appears to mark a maJor

- he oveégll retreat of eastern ice

¢ v

.' which remained essentlally statlonary along the eastern boun-

dary of the study area; The south enl of thls ridge ends ln,

u

a small delta compiek. The ridge is easily traced northward

along Chestermere Lake to at least Delacour.



CHAPTER VI

'SUMMARY AND CONCLUSIONS

<
The Pleistocene stratigraphy of the Caigary aréa is
recorded by deposits associated with four d;stinct~g1a—
cial events. The oldest'giacial.eveﬁt igvinferred’frém
f%égmentary evidence of an early Cordilleran ice Sqqxcef
The other threéﬁéiacial events are associated with the
advance of Laurentide iée." The following composite
stratigraphic"éolumn,“from‘youhgest to oldest, has been
' A

determined for thelCalgary area:

" DeWinton silt and.clay ‘ : Fourth Glacial Event

DeWinton till =

A

| I
Beddington silt and clay : Third Glacial Event

Beddington till

Indus silt and clay; . Second Glacial Event
Indus till - SR . : .
Glenbow silt and clay - , First Glacial Event

‘Glenbow till o

Saskétchewan gfavel‘agd saqd

Paékapoo Bedtock.

" The stratigraphic, relationships of the proglacial

lake sediments and tills to the ice fronts provides
. NI ' I ! ey v ) - \
eyidence) that the CordiXleran and Laurentide ice-maxima

-~

~a
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duxing each glacial event were not synchrOnous and that

the valley glaclers had receded con51derably before the

1

contlnental ice sheet advanced into the Calgary area.

- o

In this study, the stratigraphy has been elucidated by

application of a new approach to till differentiation and

correlation f“namely, u;iliihtion‘of the liqdid’limit

parameter. This technique is strictly a subsurface tool,
. . . .. A ¥ . _
since ‘it is a prerequlslte to-minlmlze weatherlng and‘re—

worklng 1nf1uences in order to successfully apply the .

ﬂmethod. By means of key test holes contalnlng multlple

tlll sectlons, a number of till advances hsbe been

identified - each associated with a‘dgsﬁinct glacial event.
: = : - i . . . ‘ . . @ . .

The characteristic liquid limit of each basic till unit,.

from youngest to'bldest;,isﬂsnmmarfzed as follows:

DeWinton\till 31.8 .

Beddlngton tlll vl" 28.4 ’
Indus g1 35.6 -
Cochrane #ill 18.3. ks

It has been observed that whlle other phy31ca1 propertles

A2

' can vary laterally and vertlcalIy, the lqu1d ll%@} para-

B ;&Q‘* ~

meter is remarkab conSLStent Variations in liquid llmlt

vaLues are relatlvely easy to 1nterpret in splte of many

p0381b1e 1nfluent1al factors. Success of the method, lies

N B -
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‘in thenappéfént ease by which thg well mixed matfix
material yields a diagnostic limit value. The contrast
in limit valﬁe among the various till units is due solely
to'incorparation of prefeXisting drift material and bed-
rock coﬁR&ed wifh fapia mixing withighﬁhe.till ma#rix.

4

.

Expe%imentation‘with a limited number of gébphysical logs
indicates another potentlally powerfui technique for till
d*xferentlatlon and correlatlon. In partlcular, the gamma
ray log is an- extremely versatlle log. It can be used

e accurately locate the top and bottgﬁ of beds, to de-
fine whether‘the contact is sharp or gradational, @nd.to
indicate the relative clay content. The log is very useful

[

in determining depositional characteristics of the various

”vé'iments in terms of stable, fining upward or coarsening
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LEGEND

N Till

'Glaciolacustrfne
silt, sand, clay

rSand and Grave 1

-

————— %)

sBedrock .| Mixed Lithblogy

'
&),

“a

No sample

recovery ,
¢ 4 '
LL - = 1liquid limit (%)
MC = moisture content (%) o =
S/(M+C) = sand/(sand + silt) ratio ' )
I/(I+M) = illite/(illite + montmorillonite) ratio
.CC . = calcium carbonate equivalent (%)
L, IMY = igneous-metamorphic content (%)

. ' ) ~.. i ’ ",a~_' - .
S.E.-4-16~-25-29-W4M = southégﬁt corner, legal su%division 4,
- : section 16, township 25, range 29,
west of the Fourth Meridian .
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i T o . elev. 3560
74-4 | S.E.-4-16-25-29-W4M

S‘ . ' .
.LL - _MeC - MC M CC - - Remarks
33.1 030 22,3 3152
2505 0.57 15.2 6.7  20.9
29.2  0.63 11.5 23.6
27.4 0.58 12.3 " 3.2 19.3 27.6 + 1.5
28.3  0.40 105 22.7. )

0-26 Till, sandy silt, olive brown, low stone content but
‘stoney 20 - 25 ft. '
26-40 Bedrock, shale, grey
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‘ ‘ | . , .. . . elev. 3560 . i
74-6 c : S.E.-1-26~25-1-W5M
S |
LL M+C MC cc 1M Remarks
NN 30.7 0.34 15.8 14.8
NN 29.8 0.36 12.9 13.0 6.5
NN 27.8 0.36 15,2 14.3 . \ (
Nk 29.7 0.36 14.6- 15.9 0.6 .
R 26.3  0.36 _15.3. 13.0 9.2 - 27.3 + 2.3
NN 28.6 0.35; 14.0 14.8 B
PR 25.3  0.38) 14.1 15.1
RIS 28.6 0.36 12.8 15.0 3.1 -
NN 25.7  0.29 15.1 17.3
AN 27.0 0.38 14.9 18.0 0.7
e R 24.7. 0.39 16.2 14.5
o BRSRNNL 23.2 . 0.31 15.7 15.9
N EES - o :
x4

0-69 TTkl, sandy silt, olive brown to 55.feet then
gréy in color; low pebble content and generally
- small in size; wet at 36 feet, stoney from 56° -
- 64 feet . ' . 3
69-80 Bedrock, shale,”grey, very hard
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elev. 3525
74-9 a | N.E.~16-22-25-1-W5M
) o
S
LL M+C MC A Remarks
24.7  0.31 14.2 26.1 + 1.9
N 27.5  0.29 13.7 :

v

1 0-33 silt and clay, yellow brown, crudely bedded

_ octasional stones

'33-42 Till, silty, greylsh—yellow,xabundant‘\pall
pebbles, dry ' \ ' :>

42-55 Bedrock, shale, grey s

3
- 13
« E“,),'_
. -::;:.
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o ' oy eiev. 3535A
$a-11 -~ 8.W.-1-15-25-1-W5M
S_
LL M+C . MC IM CccC ‘> Remarks
31.1 0.19 10.1 22.0
32.3 0.18  17.2 18.4

'%‘7.7~o.19 13.7 8.2 20.0

0-15 ¥Lacustro-Till, yellow brown turning to olive
brown at 10 ft., ‘pebbies scarce, crude;y ‘
_ bedded, clayey silt
15-20 Sand, yellow, well sorted, some stones
20-25 Till, olive brown, silty sand ’
25-35 Bedrock, s:.)ltstone, brown



o . elev. 3630

’: [-'
74-15 - ‘ S.W.-4~34-25-1-W5M.
’ —
S_ ‘
LL M+C MC IM CC Remarks
37.0 0.17 20.5 « 28.9° weathered
26.0 . 0.19 16.5 19.5 28.0 + 2.7
29.9 0.18 - 15.1 19.1
33.8 0.21 13.9 16.4 trans.tional
o \ B

32.5° ’ , e

0-20 Till, sandy si;t, olive brown, stoney
/20-30 Bedrock, shale, yellow :



, (
S ‘%%/3 ‘elev. 3655
- . . L) ;«D
74-18 -  S.E.-1-20-25-1-W5M ._
S X
s_ o -

0 . LL M+C MC _IM - C. . Remarks
AR 25,4 0.27  10.7 . 20.0 o
- 26.7 - 0.21° 11.8 6.5 % 24.5 ' ~

F 27,7 °0.23  14.7 24.3 ©  27.4+ 1.8
29.7 ¢« . 13.0° 11.3, 28.6 . -
32.1  0.81  10.8 " 16.4 transitional?
33.0 0.65 9.9 .15.2  bedrock till®
34.8  0.56 17.6 L3002 0 .
39.7 0.02 3.6 1.1
41.4 .0.01 12.8 0.9
37.5 0.08. . 8.5 - 0.2

4
"

e : ) ' ~

<

1 0-20 Till, sandy silt, olive brown, moderately stoney
%0-33 Bedrock-Till, yellow-brown, dry, abundant bedrock:
fragments: R v ‘
33-55 Bedrock, shale, light yellow
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B elev. 3775
“ v . Y ’ ) ) ' . o )
74-19 : S.W.-4-16-25-1-WSM 4.
e ‘ '
s . | A
M+C MC. 1M . cf Remarks o
0.15 16.3 127,5° weathered,
0.35 12.3 7.7 22v0° . = *
0.48 9.7 . ° 23.9 ° 28.5 + 0.6
-0.31 12.2 0.9 22,9
0.08 13.6 : 14.5 . "37:%
s : . Lo |
0.08 7.1 - 21.5 |
X g ‘

. -
0-26 Till, sandy-silt, olive brown, upper 5 ft. is _
~ laminhated, stoney in part, rocky 22 - 25 ft. .
” 26—45‘ Bedrock, shale, yellow - S
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) ‘elev. 3735
F4-24 s ! |  S.E.~1-36-25-2-W5M
/ ‘ (o ¢
L e “ ) - S ) ) ’ f“‘ 3 W
oLL - M+C MC IM . CC wbRemarks
31.7 . 0.20 10.9 18.6 :
| 341 11.3 19.3 ' colluviated
# ©31.7  0.25 - 13.2 18.9 . till
34.4 .. 16.6 15.7
Y R : N
-7 31.7 o0.18 "17.7 - 15.7 .
26.3. - . -10.0° 0.9 '
28.2 - 0.21 - 11.5 o 28.7 + 2.7
'27.3  0.63 Q.62 « 18.7 ¢
- i . : N ‘ 5 : ¥ 3 v - i
fﬁ‘& . : co ® - . . i ) P .
] N . . . . . . . T 4 ‘»f"

0450 ~Lacustro-Tlll,¢511ty clay,alamlnated,_oc'_'b i
| ., sional pebbles . o
a @20-35¢ Tlll, 31lty clay,, yellow-brown, stoney . »
35-45 Gravel, sandyh\very coarse,_unqple to pemetrate

- . “\¢§%&\ ,
Vi Co . A
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v
v elev. 4040
I A S.W.~4-18-25-1-W5M
\ »
o . .
~%" pemarks
- . ’
9y . 2o
\'\l"' o s . * W : C“. ‘:i'.a
i oo 7.9+ 0.3 "
v, W
o | .
. P ' ' | '
i " 0-'6 Silt and Clay, yellow brbwn, banded 3*‘*soﬂug q .

EER S

- pebhles .

~ 6-18 Till, sandy s11t, olaye browgl sgoney o
", > 18-35 -Bedrock, siltstone, dull yellow o
"':‘bé T - . R M.'L . . . oo { .‘t, * 4

= ; .. .
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Ty A ) ' e i .
1 ‘ . N ’
S . ' . * S
Coo * 3 , elev. 4110

Rt

L 8. W.—4-24-25-2-W5M

A , <

LL MC .y M+C™ = CC. : . Remarks

285904138 0.21% 3100 2794 1.4
_26:8F.18.1 ¢ 2704, -

- g :
3843 .16.3 .0.1
03722 154 0 gkl
344 146 0ETEIR0.AN .
«7.9° T 20,97 L e HLL

ox;'.'S.. Ce & T |
. P , - " B ) ’ac’ . ‘/'ﬁ, ) YN et
v, . . o ' 5 N r‘ i& ' o
3 . N “._"‘; . i PR ,.;\‘; ‘ e -}

'_j.'_".' . Kvs ' . ‘ i ’ _'..;' . L T - . “

~0=-27 Till, sandy silt,” yellow olive-brown, stoney,’

o e some barfihg, grading to silty clﬁ§?’. o )
) %3~;g$§], Grgve&;feégdyciye}%ow . _fﬂ_ - L PO



]

- 17-39 Gravel, san y,\uﬁabié to penetrate -

T ~ . R
by

v
.o,

b 5 @
ok elev. 4090;

)

™~

33.6 . 0.22 16.6 19.8
34,9 ©12.8 0 - 23.6

24.2  0.84 Bl | L e

b : : '-j:k,‘? ,
: S T IR S

¥ . : - 8 '.{_ @l \

< L W o

©.. stringers 9%

O : .
9 . 4 . ~ ”~

0417‘§Till; silty.clay, 6iive‘b?0wh, stbpey, sand

168.

. H ’ B

Nkp.-16-23—25-2—W5M

CLL MHC MC IM®  cC Remarks

"36.3  0.24 ° 130 - . 15.9 34.9 + 1.3 " .

o



74-32

~ S .
LL M+C Mg‘
28.2  0.20 *3.4
_27.3_ 0.22-. 18&%5
36.8 0.51 14.1

Sand and 3&a§
Till, cia
stoney

o

~ Sang and ‘gravel, yellg% un&ble to penetraté o

169.

elev. 4105

e - " ‘ N
N.W.-5-35-25~2-W5M
cd - Remarks
, .
15.9 . 27.8% 0.6 _
21.1 . '
36.8
- - I

z

iféﬁog brown, some, rafted Pebbles .
“gre yellow gradlng td olive brow oo

.ff IR



¥

y So- 7
\_7 ~30

~30- 40\

ja 4
35 3
38.4

 F1ll '
Tlll,;clayey; ollve bﬁ?ﬁg *SOme sand stringers, *

stoney |

wgg.g"

MC:

) - : : ©170.

eievp,4125x‘ .

: §.E.~1-27-25-2-W5M

Xy

P 36, 7 +'1. 5

- transatlonal m

Sand ahd gravel, yellow brown, granlte pebbles
unable to penetrate

«fir L 1 \-Jlgravel 1nfluence*
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L w elev. 4110.
c 74-34 . L g S.W,~4-23425-2-W5M
! JE W - = '; . '
S L S i

s . e
LL M{C = MC S IM . Cce Remarks -
C 36.5 .36 I5.8%° | 2005 . slump _
'35.1° .0.37 .14.0 % 21.6 tlli § lake

29.4 . 0.37 13.37 4',‘23 0 , ‘mlxed7-.~ o
3022,.,oﬂ§5, 16.8° . ;  30.9 s R A
28,9 “@ 34’ Ts5.2 . 7 30.5% - T .
20,57 %082 17.4 * .1 | 31.4 , 29.6 % 0,5

,uag 5t o 49 A.lsgﬁ .o 28.6 .
Q, RS e e L _

*

5 i i - g, 9 v ‘ ¥
; < 3 oL o @ » . »
7. o x .
- " vu. 9 . - \)“—‘
R e
¢ A - g %y
-y - . *
o~ 9, .

« 7 @ ~ ‘
+0-39 .Til1l, sandy 511t,¢ollve brown, stoney

o - layer-17 - 20 ft. o,
- 39-45. Gravel sandy, unable to penetrate

. 3 \ - ) L 5 e
- L . RN [‘d a9 . L, o . "9 e J"

S Sha ey e . -
o T wre . % .-7-'« ‘. 2
- Jy
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IS elev. 3795

74-40 ) »ﬂhy.—13—2—24—23W5u .
..'.V . . Al . - \\-- .

LL  M+C MC. IM  CC  Remarks

_ 17.7
1.7 17.8

16.4 29.0 + 0.7
3.3 17.5 '
17.3°

- 17.5 y
17.7 .
17.5 '
= -~ 20.5
50— .16.1
Se=er . 18.2
o B %41.40 0005 712,00 :
'7:;' e | .
' . i

. .

0-40 + Till, clay, greyish-yellow stoney
40-55 Bedrock-Till, yellow bﬁﬁﬁvgn, numerous .
: nodules e T .

" 55-75 Bedrock, shale, ‘grey.. = ‘i

L e

wAloas e B -~
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elev. 3640
v'... . - ) ) N

' 74-41 - S.W.-4-2-24-2-W5M

* 0 cc Remarks 7
-
(&)
»,—‘M
. rd '
. ¢ K
C”.
R .
I 4. .
o ®, -
&
24.5 . »
R S -0, - 23.2 28.7 + 0.8
TLoo—hRaNN 28. .07 7 . 26.4
| 13.9
125 s : .
¥ ’-
0- 85 Clay, 51lty, yellow-brown, becomlng gx?y at §
25 ft., lamlnated .
85-105 Tlll sandy silt, moderately stoney
105-120 - BedrOfk,‘shale, grey. . | * |

N . N

¥ - -



'68-85

silt,

——— v — ——

Till,

§f§1ngq%§

sandy, yellow :
clayey silt, olive brown, stoney, sand

IM

elev. 3925

-

S.W.-4-15-

cC

2059
15.7
_19.1
" 18.0
. 21.8
18.2
18,47
C 1707
" 17.%
©18.2
18.4
18.8
17.9
19.5

Bedroch,TlIl, ollve brown -

Remarks

174.

24-2-W5M

a O

B
————————— ——— -



3, X oI LR . 4 (" f
, *wm Aty ) L |
g &gm" #:gi“ , o g oy :

elev. 4045

 74-45 - o S.E.-1~21~24-2-W5M "

LL  M+C  MC c¢ Remarks
26.6  0.39  15.0  23.0 = . - -

26.6  0.41 10.5 " 22.7 26.2°+ 0.7
25.3  0.44 9.1 18,9 - -

v " L‘\j
P - ¥
o - y
S .. *
«~ .v‘-‘~%...
wogh ,‘.v 4
“

- : C “ty J’ ’ ’\‘v l .

0~'17 Till, .51lty clay, ollve brow#ﬁ;&toney \
17-25 - Gravel, airty; | nePae.

B . '




. ‘ VAT

a) '
v b
' elev. 4060
74-46 . . S.W.-4-27-24-2-W5M
—~——s . ’ ‘ ' . ) ' ‘. . \"\\
LL M+C _ MC cc sRemarks
28,1 0.41 8.1 ‘' 29.5 . .
27.3  0.49 9.7 6.4 . 27.7 % 0.5
. . $. » '
4 . & T " 4 . '
‘ | R 2 L,
0-13 Till, sandy-clay, olive brown, stoney .
13-24'. Gravel, yellow browné‘}sandg,,' unab-g.e to .., o
penetrate ‘ L el et

o
N a'



. ' ’ L 177,

elev. 4150

74-53 , | S.W.-4-34-25-2-W5M

s Y . ’ . ) ' ‘ i
ot o - » - .
i . B ¢ . S K S . \\

———

o - "LL MeC MC - IM - €C _ Remarks '

- .37.9 0.29_'?.1'6.5 . 20000 R

o' 34.7 0.10 7 14.3 Lo 164 - 0 -

-® 34,1 00.17 1501 25.2  ~ I

0 36.7 '0.18 16.0+ =  "24.5 = "35.4 4+.1,7

+35.4.%0.20. 15.9 .. . .-16.1 .. T
36.5, 6.2 ¥13.9°. - 216 - -
3206 0.42  12.5. . 25.2 47

. . | L | .8.. g v - ‘ | “ R ) .
25.0 4, 0.72 11.8° . o e
e . 116 - L e
. 2646 - 0:55 " 8.7 ' o LI

T
\

L '.'\l\‘ o S :
b e
7. 0-38_ Till, silty clayia yellow brown, stoxey . -
- 38-55. Gravel, sandy; yellow brown, clayey
S ) . . . v"w . 07 .

N S

s

Ve



178.

, © elev. 4180
74<55 ’ S.E.-1-29-25-2-W5M
LL _ Remar\s
28.9 | 28.3 + 0.8
27.7 ‘
~y

0- 5 Till with ig;erbeds of silt, lcaustro-till?,
yellow-brown, sandy silt

5-15 Till, sandy clay, olive'grey, stoney, unable
to penetrate '



179.

elev. 3875
74-57 5.W.-4-16-25-2-W5M \
S
LL M+C MC IM cC Remarks
35.0 0.27 12.8 20.2 weathered
30.5 0.29 13.2 20.5
30.4 0.28 13.8 22.0
35.3  0.24 17.3 20.2 |
30.4 0.26 17.8 17.3 29.9 + 1.8
26.8  0.57 15.9 20.0
31.8  0.27 13.9 18.6
8.0 ’

23.4  0.79 8.0

0-38 Till, sandy silt, olive brown, stoney layers,
_ some crude local bedding, lacustro-till
38-50 Bedrock, sandstone, yellow-brown



74-58

25—

100~

0- 28

' 28- 50
50-100
>

LL

36.5
35.1
27.8

46.1

Clay,
Till,

granite pebbles

M+C

0.18
0.18
0.18
0.10
0.01

-MC

16.0
17.4
16.2
17.5
21.2

olive brown, laminated,
silty clay, olive brown,

elev,

Cc

24.
18.
20.

23.

18¢.

3745

S.E.-1-8-25-2-W5M

Nen ~"Ks
8
4 35.8 i 0.9
7 transitional
2

some stones

stoney,

Clay, brown blue to yellow grey, very plastic,
trace stones :



181.

4 : | elev. 3685

74-59 N.W.-13-33-24-2~-W5M

0- 9 Sand and gravel

9-54 Clay, silty olive blue, rare stones, minor
sand interbeds

54-59 Till (?), olive blue, stoney, interbedded with
sand

59-96 Clay, yellow grey, plastic



182.

‘elev. 3775
74-60 © S.W.-4-33-24-2-W5M
S ,
LL M+C MC IM cC Remarks
26.2 0.69 26.3 _ 22.0
24.8 0.46 13.7 - 7.3 28.0
27.5 0.43 12.7 3.2 23.0
27.4 0.43 13.4 22.3 26.1 + 1.3
25.0 0.44 13.7 6.8 37.7
24.3 0.41 15.1 23.2
26.1 0.39 16.2 10.9

27.8 0.28 14.0 1.4 22.3

0-843 Till, sandy silt, olive brown, stoneyi
43-55 Bedrock, sandstone, brown

/



183.

elev. 4095
74-61 ) ‘ S.W.-4-28-24-2-W5M

S

LL M+C MC IM CcC Remarks

26.7 0.39 12.7 ' 21.6

28.2 0.21 14.9 "21.4 27.5 + 1.1
0.05 ‘ 20.9

31.3 ' 22.4

0-14 Till, sandy silt, olive brown, stoney at top
but decreasing with depth
14-18 Silt, clayey, olive brown, laminated
18-30 Gravel, sandy, brown, unable to penetrate



74-63

- _S_
LL  M+C
31.5  0.29
28.6  0.38
127.2  0.29
28.4  0.37
29.5  0.33
31.2 0.27
27.9  0.16
26.6 0.17
26.9 0.21
26.9  0.50
25.2  0.36
38.3  0.02

MC -

14.1
14.0

14.9"

13.7

15.5

15.4
-16.0
*15.6
14.3
15.2
13.5
21.4

184.

elev. 3900

S.E.-1-17-24-2-W5M

;M cC Remarks

21.6
23.0
2.9 19.5
21.4
.7 20.5 28.2 + 1.9
8 15.2 -
15.7
14.8
.0 16.6
4 24.1
21.6

.

0-57 Till, sandy silt, olive brown, gtoney, sand

pockets

57-70 Bedrock, shale, oliQé brown

o



elev. 3680
, * g g
74-64 N.W.=~13-4-24-2-W5M
) S
0 LL ' M+C MC IM ccC Remarks
25—
\ "
50—
75—%¢ 0.13 25.0 18.0
26.3 0.46 13.7 ‘ 18.9
26.7 0.25 17.1 16.8 N
29.8 0.24 18.3 15.5 27.4 + 1.6
N 26.6 0.23 18.3 ° 17.0
105—- 27.3 0.09 21.1 9.5

0- 30 Clay, olive brown, laminated, some stones
30- 77 sand, grey, wet

77- 97 Till, silty clay, grey, stoney -

97-110 Bedrock, shale, grey

185.:



186.

elev. 3630
x.
\\
74-65 S.W.-4-4-24-2-W5M
_S_
LL M+C MC IM CC Remarks
" 35.2  0.13  26.2 16.6
25.7 0.34 13.1 18.0
24.9  0.27 11.4 1.2 17.7
22.6 0.41 10.8 19.5
23.2 0.44 18.5 19.1 25.7 + 2.3
29.5 0.18 15.3 3.1 15.0
26.9 0.28 16.8 14.1
24.8 0.28 15.2 1.7 16.8
27.9 -0.17 12.6° 21.6
42.2  0.05 12.7 3.0
O—l3 Gravel, sandy P

13-43 Clay, olive blue, Bandy in part, very plastic -

43-83 Till, sandy silt, grey, stoney at top grading
to low content within 20 ft.

83-95 Bedrock, shale, olive grey



187.

elev. 3795
74-68 S.E.-1-18-24-2-W5M
0 LL MC Remarks
I}
251 ]
50—
\
75. |
100 % p
28.1 18.1
27.3 17.6 - o . 2659 + 1.1
Y 26.8 17.4 : :
125X 25.4 16.5



188.

74-68 (cont'd.)

125

150

0- 30 Clay, silty, yellow brown, laminated
30- 55 Silt, clayey, olive brown, trace Stones
~. 55-105. Sand, clayey, grey, very wet
105-129 Till, grey, stoney layers at 105 - 107,
and 122 - 129, sandy silt

129-145 Bedrock, sha}é?‘@rey\\\\\\\
’ >



189.

L]

-

elev. 4155
74-69 | ~ S.E.=16-18-24-2-W5M
’ L4
S ¢ '
LL M+C MC cC , Remarks
28.1  0.39 13.9  25.0 ©27.0 + 1.5
25.9 ° 0.42 12.7 24.7 ‘

o
|
p—
N

Till, éilty clay, dark greyish-yellow,
moderately stoney
12-20 Gravel and sand, brdbwn, coarse, unable to

penetrate
¥



\ . : 190.

elev. 3750
74-73 S.E.-8-7-25-2~W5M
-
S
LL _M+C MC . Remarks
46.1 0.0l
35.2° . . ; .
34.6 | . 35.5 + 1.1
36.8 ‘
46.1 0.01 22.7 ‘
\ - 21.8 .
27.3 0.27 11.8
11.3 “
8.0 »
22.6 0.95 8.2

0-15 silt and clay, yellow brown, clay-silt at top
grading to sandy silt at base
15-30 Till, silt¥y clay, moderately stoney, ollve brown
30-65 sSilt and-clay,. yellow brown, clayey silt gradlng
' 'to clean grey sand at base L

\

'65~-70 Gravel, sandy ’ \



74-74

3 7»3.3 b j

J P
63- 68
68- 93
20

93—}04

qe !

104-117

&
]

& 191.

elev. 3830

N.W.-13-8-25-2-W5M

- S
LL M+C MC IM cc Remarks
31.6 0.11 19.4 v 20.9
0.10 17.0 18.4
31.6 0.14 16.1 18.0 31.5 + 0.8
32.0  0.12  16.0 19.1 :
32.3  0.11  18.9 20.2
_30.2_ 0.05 22.6 18.4  ____ ‘
27.7  0.05 19.0 25.5
.-28.1 0.23 19.0 8.0 21.6
28.3  0.24 16.9 20.2
27.7 0.22 16.5 3.1 19.5
28.9 0.19 16.0 23.2 28.3 + 0.8
17.7 0.07 20.3 - 32.5 -
27.7  0.26  17.1 20.2

Clay & 'silt, olive brown, som&' stones,
quite stoney 20 - 25 ft., lacustro-till?
Till (?), clay, low stone content, crudely
beddett )

Clay, olive brown, pebbly

Till, sandy silt, olive grey, moderately
stoney

Lacustro-Till (?), yellow grey, stoney but
laminated

Till, sandy silt, yellow grey, stoney,
unable to penetrate further, too sticky



192.

elev. 4160
) - ™~
74-76 N.E.-16-19-25-2-W5M
oo,
S_
0 LL M+C . MC IM CC. Remarks
39.7 0.18 15.4 18.2
35.8 0.25 -:13.1 19.8
33.5 0.30 12.1 19.3
N 34.8 0.28 11.3 17.7 35.6 + 1.9
2 5—TRRERS 35.2  0.27 12.7 18.0
35.0 0.27 -12.3 18.6
35.3 0.28 13.3

50

- 0-37 Till, silty clay, olive brown, stoney
" 37-50 Gravel, sandy, unable to penetrate, mostly
’ guartzite, carbonates and sandstone



193.

elev. 4220
74-77 . S.E.-1-31-25-2-W5M °
S ,

LL M+C MC “IM cc ‘Remarks
35.9  0.18  13.1 27.3 Weathered?
32.7 0.25 15.0 18.0 —mm—ee ————
28.0 0.30 10.3 23.4
26.3 0.300 11.1 22.7
27.4 0.33 11.5 , 28.8
28.8 0.33 9.6 26.4 28.2 + 1.0
28.4 0.35 11.2 25.7
29.2 0.32 11.8 27.0
29.4 0.33 9.8 34.1
34.1 0.20 14.2 20.9
35.3 0.18 13.3 18.4 35.4 + 1.3
36.7 0.30 10.8 ©25.0

9]

0-63 Till, sandy silt grading to silty clay, olive
. brown, stoney
63-75 Gravel, sandy, unable to penetrate



B 194.

O _ "elev. 4255
74-78 - S.W.-4-31-25-2-W5M
-]
S _
LL M+C MC IM *cc Remarks
31.3 0.01 21.1
.
hY
32.8 0.04 21.6
25.8 0.67:. 16.9 . = 20.2
27:4 0.28 15.5 3.1 20.2 27.4 + 1.6
28.3  0.20 16.4 16.6 :
25.9 0.30 16.2 0.5 20.9
29.8 0.32 18.5 2.0 24.1 ‘
95.8 17.3. . 24.1 -
9.8 '

24.2 0.52 10.8

0- 8 Till, olive brown, bedded, stoney clay?
8-57 Clay, silty, greyish yellow, plastic, some
sand lerises
57-83 Till, sandy silt, grey, low stone content
with some stoney layers '
83-95 Gravel, sandy, dirty '



195.

elev. 3685
74-82 ‘ N.W.-13-6-25-2-W5M
82 . |
0 LL M+C ° MC IM - cc ‘'Remarks
25
50—
25.2  0.27 15,5 3.3  35.9 ,
27.3  0.39 13.2 1.4 23.6 26.3 + 1.4
- 32.8  0.11  30.8 11.1
75—

0-25 Gravel, sandy, some lenses of yellow clay
25-58 Clay, yellow grey to grey, 'silty partings,
stiff ’ S

58-68 Till,. sandy silt, yellow grey, stoney
68-80 Bedrock, shale, blue grey



196.

elev, 3835
74-83 o ' S.E.-16-36-24-3-W5M_
S
0 LL M+C MC IM CcC , \Remarks
50 = .
{
75 — L
\ -32.9 0.28 15.7 20.0
31.0 0.25 1.1 = 20.2 _
| N 33.2  0.23  16.4 20.7 32.5 + 1.0
R 33.0 0.22 18.2 19.8 :
100 _ |

: \
0- 77 Clay, silty, interbeds of silt and sand,
' olive brown, laminated in part o
'77-100 Till\ clayey silt, olive brown, stoney’
‘ \ . ,



197.

- elev. 4005
74-85 N.W.-13-19-24-2-W5M
S ‘ _ A
LL M+C MC IM cC Remarks
32.5  0.23 13.9 22.7
33.5  0.23 13.6 ° 19.5 .
27.1  0.23 13.6 - 7.7 21.1 -
32.8  0.23_ 13.7 5.4 19.5
32.9  0.25 13.5 1.3 19.5 31.6 + 2.2
29.6  0.30 14.7 19.3
"~ 33.5 0.28 14.9 6.8 23.4
, 31.1 0.28 12.4 19.3
28.1 0.15 6.3

0-43 Till, clayey silt, olive brown, moderately

, stoney
43-55 Bedrock, shale, yellow , R

.
((
;

q



198.

w

elev. 3890

74-86 : : SN S.W.-4-19-24-2-W5M
s ' .

LL M+C MC IM - cC Remarks
33.3 0.18 20.4 14.1 weathered
33.4 0.18 19.8 14.3 weathered
26.4 0.30 15.1 . 15.0
29.1 0.30 16.4 3:7 19.1
25.9 0.32° 15.2 ' 24.3
27f4 0.34Q 15.1 1 17.7 27.7 + 1.1
28.0 0.35 13.6 2.1 18.0
29.0 0.28 16.5 18.0
28.6 0.28 19.1 2.0 17.9

27.3  0.28 8.1 8.9

0

17 Lacustro-Till, clay, olive brown, banded,
some stones S e
17-53 Till, sandy silt, olive brown, moderately
' stoney, sand lenses o
53-57 Gravel
57-67 Till, silt, olive brown, low .stone content .
- 67-80 Bedrc~#,; shale, yellow



199.

elev. 3785
'
74-87 . : S.W.-4~18-24-2-W5M
» R
_S_ . ’
0 ‘ LL M+C MC IM CcC Remarks
25 —
“\“ . \ W
20—
o - ’k
22.9  0.32 18.6 - 18.0
22.3  0.37 16.8 15.0 22.5 + 0.3
75 22.3 0.61" 14.1 ° 36.1 -
22.6 . 7.9 : ~
1 19.7 8.3

100

0-62 Clay, silty, greyish-yellow, laminated, sandy
. in part ‘
62-77 Till, sand, clayey, yellow brown, stoney
77-85 Gravel, clean, wéet L )
85-100 Bedrock, shale, olive grey



%75-1

LL

37.
37.
36.
37.

0o w

0.25
0.30
0.28
0.41

-

200.

elev. 3450

S.E.-1-1-22-1-W5M

MC IM ccC ‘Remarks

37.2 + 0.3

Silt, pebbly, oxidized

Sand and gravel,
Till, silty clay
Sand and gravel,
Bedrock, unable to penetrate

coarse

coarse



75-7

s
LL M+C
32.1 0.41
33.1 0.49
31.7 0.41
31.8 0.41

b

0-20 Till, brown, silty clay
20-28 Bedrock, siltstone

201.

elev. 3550

S.W.-5-1-21-28-W4M -

Remarks

" 32.2 + 0.6



202.

I
oo elev. 3650
75-14 _ S.W.-12-34-21-1-W5M
S ,
LL M+C IM Remarks
31.3 - 0.19 -
32.5  0.23 0.4
32.0 0.23 >
31.2. 0.25 {
32.7° 0.23 0.3
31.0  0.22
31.5  0.23
30.7 0.23 0.6 ' -
31.7 + 0.9

31.2 +%0.27 1.1 =
30.7 0%25 0.4
31.6 0.25 0.3
31.3  0.27 0.3
30.2  0.23 0.6
32.2  0.25 * 0.7
32.8  0.25 1.3
33.6  0.25 0.6 .

0-103 'Till, grey, clayey silt, 5% pebbles
gonsistent throughout



75

0-12
12-15
15-20
20-63
63-

S

LL M+C
~

37.2 0.27 ‘
36.8 0.32
35.4 0.33
35.9 0.33
35.6 0.35
37.0 0.33
36.3. =
27.4

Silt, clayey, yellow brown
Till, brown, sandy
Gravel, silty, sandy

“Till, black, silty clay

elev,

S.E.-3

203.

4

3950

~34-21-2-W5M

Remarks

36.3 + 0.7

sand lens
<

Sand?;, hole terminated due to flowing artesian

,Well

\



75-24

0=14
14-23
23-28

\Y

elev. 3780

“~ )
1

. . S.W.-4-27-22-2-W5M

LL

200

Remarks
28.0 .
28.6 ]
29.1 28.6 + 0.5

Till, brown, sandy silt

Bedrock, interbedded sandstone‘and shale
Bedrock, shale '



205.

4 elev. 3680
q //
. 75-26 o , S.W.-4-19-22-1-W5M
Remarks
g
1 28.4 4+ 1.1

0-25 Clay, varved, brown
25-62 Till, brown, sandy silt
62-70 Bedrock, interbedded sandstone and shale
70-72 Bedrock, shale



75-27

LL

30.2
29.1
28.7

29.4

29.9
31.7

0.35
0.39
¢.33
0.27
0.28
0.23

elev. 3600 -

206.

S.E.-13-19-23-1-W5M

Remarks

29.8 + 1.0

Silt + Clay,‘interbedded brown, grey sand - ,
lenses at 13 - 14 ft. and 28 - 29 ft.

Till, ‘brown, sandy silt
Bedrock, sandstone

-



LL MC

16.4
14.3
12.5
16.8
13.1
14.
15.
16.
14.
16.

~

Fill &ﬁbrganlcn

O J W W

.elev. 3460

S.W.-4-3-25-28-W4M

Remarks

‘weathered or

207.

-~

Till, silt, greyish brown to 23 ft.; dark g: =y
23 ft. to base, grading to silty clay
Bedrock, shale, bluish green



- o . | 208.

elev. 3470
76-10 S.W.-4-15-25-28-W4M
X I
LL MC ' I+M Remarks
35.6 14.8 -~ 0.83
35.5 : 15.3 .
32.2 12.0" 0.64
33.3 12.2 R
33.3 . 14.3 - 0.65
36.9 14.4 ‘ 0.73
38.4 15.2 ,
33.9 . ~ 16.8 | | 35.9 + 2.1
35,2 16.0 0.54 .
36.8 16.2 )
38.3 16.3 .
37.9 16.7 - ‘ 0.65
36.0 16.3
36.1
33.8 16.9 o 0.62
35.6 16.4 o
33.8 . 15.7
- 39.6 15.0 ,
39.0 o 16.3 . 0.68
31.9 . 16.6 o

n‘ .'

‘ u*:r _

0-100 Till, sflty, coal and granite pebbles, greyish
brown to 43 ft., dark grey 43 ft. to basé

100-101 Bedrock, shale, light green



209.

elev. 3570 -

76-16 © S.E.-1-2-25-29-W4M

LL M+C MC - IM : Remarks
37.3  0.39 15.2 % 36.9 '

34.9 0.42 14.6 4.5
34.5 - 0.23 13.2 5.5 S
20.9 13.5 1.4. 35.4 + 1.1
35.7 0.18 13.6 11.9

5

36.3 12.1 1.

0-36 Till, sandy silt, dark greyish-brown -
36-~50 Bedrock, shale ' '



elev. 3520

S.E.~1-6-2

MC

16.8
18.3
13.9
13.7
13.3
12.5
13.3
13.1
14.7
14.4
13.7
14.3
13.9
15.2
14.9
15.4

Till, sandy silt, oxidized dark gre

ft., dark grey from 40 ft. to base,
served to 65 ft. = _
Bedrock, shale, light grey

210.

5-29-W4M.

I

I+M \ Remarks

0.74
0.62

.0.68 32.3 4+ 0.5

0.74
0.73

0.72

0.69

0.69 :

0.75 34.7 4+ 0.4
0.67

0.77

0.71

0.74

0.71

0.74

yish-brown to 40
granites ob- -

[Py O A WU PN RR



211.

elev. 3480 ‘ .
- 76-20 o | _8.E.-1-30-24-28-W4M
LL MC Remarks
35.0 . 16.9
" 35.3 - ©15.2 ‘ :
27.8 15.4 ’ , " sand lens
30.3 10.7 ’ sand lens
35.0 13.0°
36.7 IR .
36.7 - 14.5°
35.6 13.2
34.6 13.8 @ | y _
33.4 13.0 Yook .35.1+ 1.6
" 34.9 ©14.5 -
34.4 13.5
- 35.9 - 26.0
134.2 14.8
34.7

.0-76 Till, silty, oxidized dark greyish-brown to 28 ft.,
unoxidized dark grey from 28 ft. to base; light
and dark rust colored bands observed to 20 ftg,

_ granites observed throughout *

76-77 . Boulders, (driller's comment)

77-90 Bedrock,” siltstone,-light grey



" 212,
elev. 3375
76-22 . N.E.-16-33-23-28-WdM

I+M Remarks

| i
0.71 :
0.68 ///\\\\31.3 + 1.6
0.64 ,_ e
0.62
0.64 36.5 + 1.8
0.69
0.70 .

0~ 5 Fill, road fill

5-37 Till, 51lty, oxidized dark greylsh -brown to 28 ft.
then unoxidized grey to base

37-50 Bedrock, shale,' greyish-blue

@

3
~



213.

4

elev. 3415
L J
76-23 S.W.-4-5-24-28-W4M
\ X
LL: - i MC I+M Remarks
32.4 17.7 . 0.74
30.7 15.8 b.69
S 27.0 - 12.8 , 0.72
r , ' ' 31.1+ 2.0
32.3 12.5 S 0.72
32.7 “14.2 " 0.68
31.6 . 13.0 0.77
33.3 11.8 T 0.71
33.0 14.3 , 0.73

0~ 4 Fill , :
4-16 Till, clayey silt, yellow-brown
16-21 Sand, fine, yellowish-brown, water at 16 ft.
21-48 Till, sandy silt, dark greylsh brown to 25 ft.
© . then grey to base
48-60 Bedrock, shale, greylsh—blue, fractured 52—60 ft.



214.

elev. 3425 \k/ '
- 76-24 o : . S.E.-1~2-24-29-W4M
< I v
MC IM I+M Remarks
14.4 17.5 0.58
" 14.3 ' 15.5 :

13.0° 9.4 : 0.73

14.7 6.5 + 2.
0.63

16.4 3.0

10-21  Till, clayey silt, yellowish-brown - °
21-27  Sand, fine with silt, brown . -

27-33 Till, silty, light grey

33-40  Bedrock, shale, greyish-blue



215.

elev. 3450 , \
76-28 |  N.W.-13-24-24-29-W4M
0 . LL A . _ Remarks
30.7 |
32.0 | \ | 31.4 + 0.6
31.8 . - .
31.1 |
0- 5 Fill

5-27 Till, sandy silt, brown
27-37 Sand, fine - medium, brown
37~-41 Gravel C
41-55 Bedroik ? no sample recovery but very hard drilling



216.

. elev. 3385
76-31 | N.E,~16-19-23-28-W4M

. . . : it SN
L. MC I+M .+ Remarks
35.8° w - 15,8 «

© 35.3 15.1 0.71
34.7 17.0 0.65

36.4 + 1.3
37.7 15.2 «
36.9 ' 14.6 0.65
38.1 13.4
s | . N

ES

0-20 Till, silty, dark brown with iron staiﬁing to
l6 ft., coal, graniteés and gypsum crystals
20~-25 Sand and Gravel, water table at 20 ft.
25-39  Till, clayey, dark grey, granites
- 39-45 Bedrock, shale, bluish-grey



N
elev. 3350
76~-34 b ' N.W.-4-17-23-28-W4M
0 - .
L
MC I+M Remarks
16.8
10.9 0.72
11.7 '
12.8 ' 0.77
. 14.1 ©36.5 + 2.1
. 15.1 . 0.70 ' B
14.4
- 13.9 0.70
S 12.7 ;

0- 3 Road fill . . - -

3-47  Till, s:lty clay, yellowish-brown to 20 ft. then
grey, contains granité pebbles and coal; light and
dark banding'in till

47-60 Bedrock, shale bluish-grey

]



76-37"

100

125 ==

37-38
38-106
106-120

S_
LL M+C
33.8 0.59
30.3 0.45
36.9  0.41
32.3 039
34.5.  0.37
35.3 0.37
35.5 0.33
30.2 0.37
36.1 .35
35.8 .33
35.6  0.33
3.2 0.33
3402 0.35
37.3  0.32
36.8  0.32
36.9  0.33
37.7  0.32
36.6  0.45
35.1  0.32
36.7 0.33
34.1- 0.33
D
Road fill

MC

- 17.3

15.8

13.4
15.1

12.8
14.7
15.5
15.5
10.6
16.5
16.4
13.0
16. 4
15.3
16.4

14.8

15.2

16.0
141

Q

~ 30.

“elev.

o

3350

~218.

el
N.E.-16-23-22-28-W4M

IM

25.
23.

17.

le6.
18.

12.
17.
23.
17.
26.
35.
23.
22.
23.
29.
28.8
16.0
17.0
15.5

OO WOb & OB UId AN &g

v

T

Till, yellowish-brown to 20 ft. then grey,
granlte pebbles, silty clay
Sand, toarse with some stones
Till, 31lty clay, grey
'edrockj shale, blui h- ~-grey

“Remarks

35.7 + 1.3

<)



76-40

<7

elev. 3425

219.

Remarks

“31.2 + 0.5

» S.E.-1-29-22-29~W4M
I
MC I+M
14.9 0.67
12.8 0.69
f
B |
. 0.75
‘14.2_' '
113.4 ) 0.78

{r
R

’

.Sand, fine, dark, greyish-brown

Till, sandy, dark greyish-brown, light brown
dark grey bands, granites present

Sand, fine to medium greyish-brown, wet at
Silt ‘& clay, interbedded fine sand, silt an
olive brown to grey, light and dark grey ba
Sand, fine to.medium, dark grey

Till, silty clay, dark grey

Bedrock, siltstone, dark grey

37.1 + 0.4

and

ft.
clay,
ing

(RS



220.

elev. 3350
. . oA
76-42 . S.W.-5-28-22-28-W4M °
-
LL : . MC : Remarks

35.1 15.9 | '
.32.0 14.1 | 34.8
35.9 Lo

35.7 + 0.6

36.2

0-10 Till, silty clay, greyish-brown -

10-15 Sand, coarse, greyish-brown, water table at 11 ft.
15-28 Till, silty clay, dark grey, granite stones

28- Bedrock, or boulders?, unable to penetrate

-



221.

elev. 3350

76-46 o N.W.-16-32-22-28-W4M
0 LL MC Remérks
SORL 34.8 12.3
35.6 15.2 ; |
35.2 \ 14-0 35.4 + 0.4
35.8 16.9 ' ‘
25 -

-0-25 Till, sandy silt, dark greyish-brown, light and
dark brown banding at 15 ft., 3 - 7% pebbles,

" granites present R

25-28 Sand, fine :

28-45 Bedrock, shale, light grey



elev. 3365
76-47 ’ S.E.~1-2-23-29-W4M
S I .
LL M+C MC IM I+M . Remarks.
35.5 0.47 17.2 36.7 ©0.57 ’
36.3 0.52 19.5 26.8 0.74 36.0 + 0.5
36.3 0.52 16.1 17.6 ‘
31.8 0.52 14.2 25.2 | transitional?
. 29%.3 ‘ 13.7 ‘transitional?
31.7 0.56 14.5 13.5 0.73 o

0-32 Till, 51lty, very dark . greylsh ~brown to 25 ft. then
) . - dark grey, granites present :
32-40 Clay, light and‘'dark banding
40-60 Sand, fine to medium, some silt, dark grey
60-75 Bed&ock, shale, light grey



223.

elev. 3325

76-48 | . 5.E.-16-7-22-28-W4M

MC IM ' : Remarks

sand lens ?

L

sand lens ?°

)

- i~
w S
L] L]
w >
¥
[ . .

[ ]
N 0O ®NOVWONO UV

0 36.8 + 1.9

=
w
.

wn
[

;75 y

=
(8]
[+ ]
=

’—l
-
.

>
N

125.

o

0- 30 Till, silty clay, brown, loose and dry
'30-128  Till, silty clay, grey, 5% pebbles, granites
\ present . ) BN

128-140 Bedrock or boulders?, unable to penetrate



~224~

elev. 3800
76-54 4 S.W.-4-17-22-1-W5M

LL _ MC . ‘ - Remarks

’7fi?L .28.9 . 12.7 '

N- 29.2 13.4 ~ ‘ |

27.6 - 1207 ' : : 28.6 + 0.7 -
28.5_ | ' | e
34.2
36.8 35.5 + 1.8

C0-19 Till, silty, dark yellowish-brown
19-33 . Till), gravelly silt, pale brown, unable to
penetrate below 33 ft., to stoney :

v



76-59

51- 81
81-118
118-131
131-

225,

elev. 3425

S.E.-1-14-22-2-W5M

o
l

. I .
M+C MC I+ Remarks
X 4
0.27 19.2 0.80
0.25 ‘16.1 0.81 32.6 +

Clay, silty, olive brown becoming unoxidized-
olive grey at 14 ft., light_and.dark brown
banding, occasional sand lenses, 1 - 2% pebbles
Sand & Gravel, coarse, large boulders

Clay, silty, dark grey, varved

-Till, silty clay, dark grey, 7-10% pebbles

Boulders (?) unable-to penetrate past 131 ft.



226.

elev. 3525 )
 76-62 . N.W.-13-10-22-1-W5M
_ I
LL MC I+M Remarks
33.5 17.4 ~ 0.65-
32.5 . 16.6 0.73 |
31.4 15.0 0.78 o 32.7 #
32.2 ©12.9 0.87
33.5 ©12.9 ' 0.74
32.8 . 12.9 0.77
33.3 | 12.7 - 0.80
38.1 - 14.9 76
37.6 ' \ R 37.3 +

36.3 . 15.1 » 0.80

0-15  Till, silty-clay, olive brown, light and dark brown -
"~ banding, 3% pebbles. .
15-51  Till, silty to 40 ft. then clayey, 7% pebbles
51-65 Bedrock, sandtone, -olive ' '



elev. 4050 .
76-66  S.E.-1-1-22-3-W5M
_ I .
0 ‘ LL - MC I+M " Remarks
"N 28.4 8.8 0.79
‘ N 9-4 0‘88
30.6 11.6 0.84
28.7 ©26.0 0.90 29.8 + 1.5
24.7 . 0.90 -
31.6 15.1 0.84
33.7 12.2 " 0.83 transitional?

ey

0-17 Till, sandy 511t dark greylsh brown to 12 ft.
| then dark olive grey
17-23 = Clay : -
23-51 Till, silty clay, dark grey
51-52 Sand & gravel, wet :
5Z-65 Bedrock, shale, olive T



228.

™ © elev. 3700
N ) ) ‘>‘l>
76-67 © S.W.-5-24-22-2-W5M
. 4 r
%2 —-I—. ' v
LL ' - MC . I+M Remarks
25.4 20.8.  : 0.74
28. 2 . 1l.6 0.66 |
. 0.77 28.2 + 2.0
29.7 13.4 0.74
29.6 13.0. " 0.67

0-12 Clay, 51lty dark graylsh brown, llght and dark
banding . ) )
12-15 Sand & gravel, fine ) .
«15-32 Till, sandy, olive grey, 5 - 7% pebbles ‘
32-42  Till, silty, olive grey, 15% pebbles, wet at 35 ft.
 42-55 . Bedrock, shale, dark grey :

3



76-70

elev. 4025

S.W.-2-4-22-2-W5M

Till, clayey, brown, loose and\friable "
Bedrock, shale, light brownish-

229.



elev. 4200
76-71 S.W.-4-18-22-2-W5M
0 LL MC .
39.1 14.5
32.6 14.4
39.6 V15,7
25

0- 3 Fill '
3-17 Till, sandy silt, light yellow brown
17-30 Bedrock, shale, light brownishjgrey~

[}

230.

Remarks

36.9 + 3.8

d



231.

elev. 3925
76-72 L © S.W.-2~30~22-2-W5M
\ -
0 ¢ LL _ _Remarks
ng:-.-. ] ) R ) A .
X ._ 27.8 o - |
o 25.4 | | 26.6 + 1.6
S 0- 5 Fill | . T
5-18 Till, sandy silt, yel'owish-brown, .some sand ™~

lenses
18-30 Bedrock, shale, light grey

\



76-74

o

O

b

87-101
101-110

’ B 232.
A
elev. 3425

e P

S.W.~4-4-22-29-W4M

SA- . MC IM I+M Remarks
'0.47 15.2 27.6 0.69 32.7
\
“ - J'x
& ©
o ¢ @
o .
Y §> .
)

0.25 17.6 4.4 -
0.27 12.8 6.5 0.74 28.8 + 1.3

<

< i

Till, silty sand, yellowish-brown
Sand & clay, intefbedded fine to medium sand .
and clay, oxidized yellowish brown to 14 ft. then
dark grey, contains granite fragments '

Till, clayey, .grey, 6% pebbles S

Bedrock, sdndstone, pale olive

Mot e e s



233.

\ elev. 3500
» :
\
76-75 : o N.E.-16-11-21-28-W4M
| I |
0 LL . MC T+M Remarks
3.2 12.4 0.60
32.7° 15.6 0.64 32.7 +
34.2 127 . 0.69
25 |
| %
. - ' o . ﬂﬁ,ﬂr

0-16 Till, sandy, nght olive brown, granltes present
16-22 Bedrock, sandstone, yellow :
22-30 Bedrock, shale, grey



234,

elev. 3360

76-76 S.E.-1-1-22-29-W4M

MC IM : 'Remarks,

17.2  27.3 _
16.3 . v ‘ )
13.7  34.0 ) ©32.6 +.0.7
16.1

14.2  24.8

14.3°

50

13.3
"15.7
17.4
16.2
15.6
13.4
1 16.5
14.7
14.3
14.6
15.4 -
16.2
15.9
15.6
15.7

[\
.
(-9

75

34.7 + 1.4

100

AL YO W WOWWNNOWN W -
NOoO Uw N WW U D

125

continued



76-76 {(cont'd.)

0- 12
12-18
18- 49
49- 54
54-115

LL

34.0
32.8
33.7
34.1
33.4

- 35.0

Sand,
6 ft.
Clay,

Till,

Sand,
Till,

pebbles , - . :

g g 235,

elev. ‘3360

S.E.~1-1-22-29~W4M

S. :
M+C MC IM - Remarks
0.33 17.5 5.8

0.33 18.7 5.4

0.32 21.6 1.3

0.25 ~19.3 0.

0.23 18.6 0,

0.23 16.0. 0

fine to medium, yellowish brown, wet at

dark olive grey, light & dark banding o
silty clay, :dark olive grey, 3 - 5% pebbles
fine to medium dark grey .-

silty clay, abundant granite pebbles 3 - 5%

\
!



236.

elev. 3425
76-79 , . "~ S.E.-2-34-22-1-W5M
. : I .
"\0 LL MC , © I+M Remarks
\ . 5
25
50 — ; 2 ) ’ .
28.2 , 16.3 0.77 28.5 + 0.4
28.8 13.4 . 0.74 T
32.7 14.1 .
ARy 32.2 15.9 0.83 . 132.5 + 0.4_
75 Y- 35.3 13.7 _0.80
- 34.5 14:1% o
32.6 15.2 0.82 . ‘
36.1 15.9 0.87 351 4 1.7
' 37.1 . 15.2° | 0.80 T
100 — | ‘ » ‘ '

0o- 7 Sandrnedium,greyish-brown

7~ 48 Clay, dark olive grey, banded, 1 - 3% pebbles
48- 53 Silt & clay, dark olive grey, pebble free '
53- 96 Till, sandy silt, dark olive grey
96-110 Bedrock, sandstone, olive yellow



25

50

75

. 125_

LL

36.0
33.2

36.6

35.6
"36.4

32.1

28.6

27.3
32.4

31.5

32.3

29.5

27.5
32.5
36.4
33.9
30.9
33.9
36.3
32.3
34.2
34.7
34.2
36.6

"35.7

M+C
0.20
0.45
0.43
0.47
0.45
0.49

0.49
0.64

0.33 "

0.32
0.35
0.47

0.35
0.33

0.37°

0.41
0.43

0.43
10.43
1 0.43
0.41
0.35

0.35
0.35
0.35

s

MC

15.3
-14.5

1 12.6

12.4

13.0 -

12.6

12.1

9.2

11.6,
12.6

13.0
13.7
12.3
13.1
13.3

13.4

22.2
13.9

13.3 -

12.9
13.5

13.7

15.1

14.2 -
13.2

elev. 3345

237.

N.W.-13-12-22-28-W4M

.
o

[l < A o B N B e « B U]
n . . .
oo N

Ry SR KPR I P
o @ ul
o

oo}

22.8
21.6
21.1

Remarks,

\
\

- sand lens?

34.3 + 1.8

coqﬁinued.

R



238.

elev. 3345

. y _ o L
76-81 (cont'd.) : . N.W.-13-12-22-28-W4M’
s | v o

LL M+C - MC IM - Remarks

37.1 0.37 14.4 20.6

31.9  0.49 14.0 19.9
35.3  0.39 14.8 22.4
32,9 0.39  15.3 27:1
0 34.2 0.47 15.4 18.3 g}

{

_0- 38 Till, sandy silt, dark greyish-brown, 5 - 7%
- 'pebbles, granites .
38- 43 | Till, silty sand, olive grey, loose and friable
43- 55 Till, sandy silt, olive grey, moist and plastic
55- 59 Sand, medium to coarse, olive grey, saturated
59-157 Till, sandy silt, dark olive grey, granites present



LL MC
26.8 6.3
33.7 14.3
34.1 11.7

12.6 -
34.0 11.9

I+M

0.73

' 0.68

0.67
0.68
0.71

Till, sandy silt, dark brewn, 7% pebbles

239.

elev. 3350

N.E.-16-13-22-29~W4M

Remarks

26.8

33.9 + 0.2

Till, silty, olive grey, 10-12% pebbles S

Bedrock, sandstone,

Bedrock, shale

©0live brown



240.

elev. 3375
76-85 : S © S.W.-12-14-22-29-W4M
0 LL : ‘ . Reharks' \\
- 31.7 .
32.5 » | 32.1 + 0.5

0- 8 Road fill o ) o :
8-22 Till, clayey, yellow-brown, granite pebbles
« 22-28 sSand, fine to medium, yellow, wet at 24
28-40 Bedrock, shale, grey



76-86

elev. 3350

' 8.E.5-36-22-1-W5M -

241.

LL MC ) o Remarks

28.6 8.8

29.9 10.7 ]

30.3 14.0 , - 28.7 + 1.8

26.1 14.0 : :
)

Silt, yellow1sh brown, some sand

Till, sandy, light olive brown, contalns numerous
sand lenses @ 12 - 13 ft.

Clay & Silt, 1nterbedded pebble free, dark
greyish~brown

Silt, light grey, 1%»pebb1es

Gravel



76-87

100

0-10_
10-17
17-41

41-49.

49-80
80-82
82-89
89-95

. 242,

elev. 3375

N.E.-1-16-21-28-W4M

Sand and silt, flne, llght olive brown
Clay, silty, sandy, light and dark banding
Till, silty, very darkbgrey, 5 - 10% pebbles .

‘Sand and silt, brown

Tlll, silty, very dark grey, 5% pebbles
Boulders :
Clay, 51lty, light and dark grey banding -
Sand and gravel, hole terminated due’ to coarse
boulders ) : o N

LL, MC i \ Remarks
30.0 13.2 S

28.7 14.0 . o .

27.2 12.6 ' \28.3 + 1,1,
27.5 12.5. - -
28.0 11.4 !

34.4 10.8
'36.0 11.6

35.8 '11.2 \ T
34.2% 11.9 | ~35.3 + 1.9
37.9% 11.6 .

37,3 11.7 o \

32.1 12.0 -



76-90

LL

29.8
31.9
35.2

32.9
28.2
-37.0

36.1

37.8

35.5-

MC
13.1

'12.0

12.5
7.0
10.5

9.6

11.3
10.3

11.7

I+M .

0.68
0.67
Q.72

0.65

0.71
0.85
0.73
0.78

0.74

243.

>

elev. 3825
N.W.-13~31-22-2-W5M

Remarks

32.3 + 2.9

37.0 + 0.8

0-47 'Till, sandy, greyish-brown, 5 < 7% pebbles

ihcreasing to. 15 - 20% below 29 ft.
47- edrock, sandstone

{



244.

eiev. 3825
76-92 ‘ © $.E.-11-4-21-2-W5M
Remarks
weathered?
32.2 + 0.5
[ 2 -3
29.7 + 2.5,
I
IR
- 33.87? ,
transitional to
bedrock
:’

. Yo .

* r o
0-16 Till, silty clay, greyish-brown, 5:- 7% pebbles
16-23 Sand, interbedded with 51lty clay, dark greyish-

) *  brown : ) y
23-55 Till, silty clay, dark,greylsh brown, 10% Ppebbles
‘increasing to 20 -~ 30% below 40 ft. .

55-78 Till, as above but 10 - 15% pebbles
78~ . Bedrock or Boulder?, unable to penetrate



245.

elev. 3506r '5; Y

-

76-93 |  5.W.-12-4-23-1-WsM
< ‘ Q) -
S_ A
LL M+C MC IM Remarks
25.2 10.4 ' ' 31.2 + 5.2?
34.6 1 0.10 13.2 11.9 lacustro-till
33.8 0.15 '13.0 9.5 . . o ¢

}

36.2 13.6 '
| 32.1 + 4.62

29.0 - % lacustro-till
31.0

30.0

27.1 . s"c\//‘

23.7 9.4 ™ - 29.6 + 5.32?
31.3 - .11.4 0 lacustro-till
33.8 12.5 2.0 ' . '
23.9 . S0 ' ,
23.9 , _— 23.9 + 0.0’

0- 17 Lacustro-Till, silty clay, greyish-brown, occa-
- - sional light and dark banding, 3% pebbles
17- 28 Sand, Silt~Clay, interbedded, greyish-brown,
‘ : : < 1%, pebbles
28—\61-‘Lacustro—Tlll, silty clay, greylsh brown, occa-
sional bandlng; & - 10% pebbles
61— .83 Sand, greyish btbwn, saturated at 68 ft.
83-106 Lacustro-Till, 311ty clay, dark grey, 3 - 5%
pebbles o -
106 119 Till, dark grey, 2% pebbles, sandy
119~ 135 Bedrock, sandstone, brownlsh—yellow

?

d



13-30.

30-39
39-52
52-72
_72-85

.presefit

246.

' . " Jelev. 3350 9
v S.E.-12-12-23-1-W5M
LI M+C MC IM Remarks
24.2 0.49 13:3 .20.9
21.6 0.39 11.1 7.3 24.2 .+ 2.6
26.8 0.25- 12.2 ° 5.7 - 4
—————— , “ ¥ W e iy o n s - — . o
1
’ t ’
37‘.2 . N ’ . :
34.5 R & 35.6 + 1.4
35.1 o
. . 0 '.» a
o
. ) .

Gravel some coarse sand

Till, silty clay, ‘dark grey, 3% pebbles, granltes
Clay, dark grey, pebble free - 3

Silt, grey, pebble free ’

Till, silty, grey, 5-15% pebbles, loose and. friable
Bedrock, shale) llght grey T -y



T

g

Tag

S_
M+C MC
0.23 13.3
11.0
0.23 11.9
©12.6
0.25 11.8
_1l2.5
0.27 12.4
_ 12.0
0.19 12.0
QS

I+M

0.71
0.70
0.71
0.70
0.77
0.75
0.78
0.75
0.65

247,

elev. 3750

S.W.-13-14-21-1-W5M

Remarks

NI

%;}, sandy, yellowiéﬁ-brown becoming grey at

“f+., 5% pebbles, grading to silty clay at base

shale, greyish-brown



248.

-~ Qlev. 3920
,J\Z“ :
76-97 S.W.-4-16~21-1-W5M
. ')
4 .
. !
- Remarksv
™
28.7 + 0.6
A .
. BEER T
®
100 . i .
| N
0- 3 Fill

3-80 .Till, sandy silt, yellow. brown changing ta grey

: < A " at 30 ft ’ 5% pe'bbles -'15‘- '
ﬁﬂ . 80-95. Bédroqk, shale, light grey ﬂiff
w e . g e
v = «'agg 8 = . - -
'R ,\«,'w Ty "‘2"._



. ) 249,

elev. 3940
76-98 : ‘ S.W.~13-6-21-1-W5M
Remarks
b 1
34.2 + 1.6
0~10 Fill ’ | | -,

" 10~40 Till, sandy clay, yellow brown
40~50 Bedrock, shale, grey "

.« a -



I
LL MC I+M

36.1 | 0.64
31.6 0.73
34.7 0.85
34.9 0. 70
~35.2 “0.74
37.5 0.76
39,1 0.71
33.6 0.78
35.3 _ 0-.80
32.5'{2 0.75
g 0.70

36.4

N.E.-1-14-21-2-W5M . " 7.

250.

elev. 3975

Remarkg

r§§

0-60 Till, silty, yéllow brown becoming oliygfgre? at

40 ft., 5 - 7% pebbles

60-%5 Bedrock, shale, light grey

r.

Sl e
S, -

\
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» elev. 3750
. . \
+76-101 - : S.E.-11-25-21-2-W5M
0o - LL MC IM I+M Remarks
. -
25 — /31.37 18.9 20.7  0.74 L_31.3, el
36.8 15.5 l.6 0.66 VT
36.6 12.6 0.72 R
34.3 12.6 0.74 36.4 ;1,40
37.8 13.2 0.71 Ml ]
50 — 47.0 16.8 / 0.69
N\
75 — \
0 36.3 13.7 ©0.66 | , -
37.4 10.5 O 0.72 37.0 + 0.6
37.3 11.6 ~0.73
100 o
0- 3 Fill" N

3- 7 Colluv1al Till, yellowcbrown

7- 25 Clay, silty, 9F¥ey-brown, granltes in sand

, fraction, minor till interbeds

25- 55 Till, silty ckay, grey-brown, 7 - 10% pebbles
55~ 83 Clay, silty with sand and till 1nc1u51ons,

- olive brown |

83-100 Till, silty clay, grey brown, 5 - 7% pebbles
100-117 Clay, grey-brown !
117~126 Bedrock, sandstone, olive brown, at 120 ft.

& mlxture of till/sandstone :

Al o o N

-~
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. elev. 3800
) = .
76-104 . . §.E.-2-19-21-1-W5M .
I

MC I+M Remarks
12.1 0.61 R sandy
12.5 0.78 s o -1 : ‘ .
12,3 0.77-R5Y v 37.1 + 1.8
12.8 0.78 . ' o
10.9 ,0.75 ‘ transitional?

0-23 Till, silty clay, yellow-brown, 5 - 7% pebbles
23-28 Till, sandy, light olive brown, 5% pebbles
) 8-40 Bedrock, sandstone, brown-grey’
a ;



253.

L
elev. 3825
76-105 - S.E.-15-8-21~2-W5M
LL M+C MC IM - ‘ ~ Remarks
\ “ '\y.
i |
\
35.2 0.23 15.1 1.6 clay influence
31.3 14.4 :
31.9 0.27 14.2 32.0 % 0.7
32.8 ’ 15.2. : !
36.8 0.22 14.2 36.3
| : \ 0 w3
\‘V )
- i - ‘ ! i ~ .
100 - e i N T

0-50 Clay & Sllt, mlnor sand lenses, pebble free,

- grey-brown to olive grey - -
50-83 Till, silty clay, olive grey, 10% pebbles
83-91 ." Bedrock, sandstone/shale interbedded



76-106

W4
0- .80
80~ 90
90- 94

[
_S_
LL " M+C
31.8 0.25
34.6 0.22
35.9 0.25
0.25
3571
35.3
34.9 0.19
35.6 :
33.4
33.9 ,
35.0 R
30.9 B
29.1 -0.30
32.8
36.4 0.27
32.2 0.27
Till, sandy

Silt, olive

Bedrock,

"Till, silty, olive grey, 5% pebbles

elev. 4050 ®

N.W.-4-21-21-~28%5M

. MC ' "Remarks

13.6 ' 31.8?
12.9 '
12.8

13.0
13.0

13.0
13.2 W h - 34.8 + 1.1

12.5
12.6

Qriﬁ 3

115 -+ Ly, .
11.1 sandy

12.5
12.6

12.7

clay, olive grey, 5% pebﬂits‘
grey with minor sand, pebble free

sha&e/sandstone, ollve

-

254.
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elev. 3950

76-107 ' S.E.-3-30~21-25W5M
s | I .
0 L LL M+C MC I+M -~ Remarks
l':se" X

35.5 0.14, 18.7 0.71
37.5 - 0.35:.18.4

25 341 0.35 12.7 ' o
‘ 39.0 - 13.7 0.79 oo J\D'
36.6 0.39 13.0 - | 35.1 + 1.7
, 34.2 12.0 0.83 ‘ o
34.9. 0.39 12.2 0.74
50° 35.6 . 12.6 -
33.8 12.3 . 0.75
34.5 13.1  0.69
- 34.7 11.8 ,
X 032.4° 0.49 12.0
R 33.7 ~o.41~‘1;.o
\ -

0- 12 Fill ° . - R }
12- 80 Till, sandy clay; olive, 5 - 10% pebbles
"80- 90 sSand & Gra_}vel, clean c -
90-105 Bedrock, shale,; light grey



256.

‘ elev. 3550
76~108 N N.E.-1-20-22-1-W5M
S I
LL M+C - MC IM I+M - Remarks
29.0 0.23 14.2 0.73 ‘ \
29.9 0.23 10.5 _ '
28.9 0.27 10.5 1.3 ' "
30.5 11.9 ‘
30.3  '11.6 1.7
34.6 0.22 11:2
29.1 0.23 11.0 2.5 - " 31.1 + 2.5
30.0 11.0 0.4 -
31.6 0.25 11.0
29.2 . -10.6
28.2 ~11.9-
27.9 17.5 1.9
34.0 0.27 A2.5
36.7 //%2.4 2.1 clayey?
“34.8 0.27 11.7 . )
31.6 0.30 12.5 3.1 S
32.3 12.2 0.3 |
33.3 12.9 \ _ .
80.1_0.39 11.2 o _ e
34.1 0.37 11.3» - = Ty
35.2 ) 34.6 i“o 7

0~ 10 Clay, sandy, yellow brown, pebble free ’

10~110 Till, clayey to 40 ft. then silty, light olivV
. 7 brown to 40 ft. then grey., 10% pebbles’

110-125 Bedrock, sandstone, light olive brown - TN



76-109
-
0 LL  MC I+M
SRS
26.8 9.0
: "28.9 14.8
25 3 28.6 12.1 .
o~ (28,6 12.1 0.72
. 28.9 12.2
AN ~ 27.2 12.5 0.69
50—k 29.2  13.2
. RNl 27.6 13.1
. 28.7 11.6
[ 31.3 13.9
. L 31.1 15.0
75 36.8 13.1 0.70 _
°36.8 11.3 -
37.5 v :
38.2
| 3539
10 A e
125
0- 3 . sand, fine, light olive brown
3- 13 Till/Sand/Gravel, m%;ed'
13- 20 Gravel, some sand, water table-at 12.5 feol
Till, silty, ‘5% pebbles to 55

b

to 10%

: ‘ 257.

elev, 3400

N-W-~l3’5721\28—W4M

\

Rem@ b](‘s

4
29-0.~ 1.3

-
-

37.0 £ q,8 i

ft. then in4m§asing..




N 258,

X
elev. 3350
o 76719 o N.E.~4-33-21-28-W4M
I "
MC I+M P Remarks
17.6 0.63.
14.0- 0.63
13.2  0.70
13.6 0.69 . :
13,2 0.72 N 34.8 + 1.1
13.3 0.67 ) - ~
12.6 0.65 |
- 10.5 0.69 <
11.0 ©0.79
11.6 0.73° - i ot .
13,3 0.63 . : »
11.3 0-62 : sand influénce
14.3 .0.72 :
13.4. 0.75

- 0- 3 Fill | g
5~ él‘ ¥ill, sandy clayr Qgrey-broW?' 53 pebbles
41~ .l Till, sandy silts ojive, drY¥ dng friable,

: 5 ' 5% pebbles ,
61- 24 sand, coarse;, grey, aturated : . o
64~ 111, Sandy silt’ Ojive grey’ Sg pebbles —

90-‘105 Bedrock, shale, grQy



259,

&
elev. 3650
76-117 ) N.W.-12~9-22-1-W5M
LL +~ MC | _ Remarks
34.9 11.9
31.6 11.9 - : . )
32.8 12.0
32.1 11.5
31.3 11.6
32.4 11.4 o ‘
32.1 11.0 o 3.8 + 0.9
31.3  11.7 '
31.3 12.3
32.3 12.4
31.7 "12.7 :
30.6 12.2 _ ~
29.6 9.8 | ,
33.1 12.1 : ‘ i,
32.4_12.0 e
35.8 12.3 o T
36.0 12.8 ' : "35.9 + 0.2
35.6 12.1 ‘ - . '
_36.2 11.7 - :
35.8 11,3~

¢ - o /j . -.
0- 10 silt, sandy, light yellow brown
10-106 Till, silty, olive grey, 7% pebbles, loose, dry

A Y ) .
27 v . Yoy . W



¥

4. 260.v
\ ( .
’ elev. 3850
2 / T i ’ I
. ‘ ~ o}
76-118 . ‘ S.W.~4-36~22~2~W5M
\'» ‘ < ! . g
.',_. ¥
’ . Remarks
) -—~§.g:-g.—-—\—‘—‘"_‘.t

o

T

P s 7" 0-26 Till, sandy clay, grey-brown
‘M. ' 26-40. Bedrock, sandstone, yellow

.



©77-3

100_E

261.

elev. 3415

¢
S.W.-1-29-22-29-W4M
. o \_\'4-.‘
o
I
LL I+M Remarks
A vat
31.2 7 / ", 31.6 4 0.6
32:0 . gy o
. ‘I
p
33.9 0.72 S L - S
36.4 0.67 . “ o S v
35.8 0.75 A - ‘ 35.2 4 1.1
T 34.7 o - o
. )
3 CFill L : |

Till, silty, clayey, ‘olive, unoxldlzed T

181lt, sandy, thinly laminated, heavily ox1d1zed
- ‘stains at base, occasional clay beds 1 - 3 cm thick

¢lay, silty, thinly laminated, unoxidized, grey

- 8Silt, ?hlnly lamlnated, organlcs on beddlng\planes,

’"grey
‘Till, silty,. abundant carbonate pebbles, grey

Bedrock, sandstone



774

ehev. 3375
_‘,’
(-:5.‘s.w.-2-26;22—29-w4m |

-

sRemarks

136.6 + 2.2
. \
O
. K .{ :
» .

Till,. sxlty A
granlte pebbles N,
Ssilt, some find sa d, some clay beds up- to 12 cm
thick, saturatgd at” 33; ft., grey, laminated . -
Bedrock, sandstone, q;own e S ”

a
4

262.



# - : o . 263.
Ve . 4 , ,‘ }
elev. 3345
s Y . ~ N.E.-7-5-22-28-4M

.
e - . - - o 4o A - . o . - -
Yoo, - ’ Ny . ' ' 2
. ,:" S . ] o . . .
w .

‘1L P MiCc IM. cc | Remarks °

PR
i ¥

A 0.41 12.3 ‘ a7 3 360

L:?"=£:§SP,8 0.37 25.2 11,7, ° - banded-
Oy 35.1 -0.43 23.9 9.5 v . lacustro-till?
- 36.1 0.47 16.7 3, 8.6 e

RS 34,9, .28 10.2 U 18.5 g
{- 31.6°0.25 3.8 19:5 7

24.2
25.9
. 26.3
32.1
34.6
33.4
32.4

34.1
34.6
_ 33.0
34.8




>

&“ o

et o 264.

a
.. N v . .
b im v
. : AR \\ ' “ i
. e
¢ L
q° .
5 7
77-8 (cont'd.) 7 ° ; =
) “ ) Y e
A &
. e
S &‘
LL ‘M+C T Remarks
r
f.".,"‘ !

@ %Qi— 3 3

34 36

36— 45

,45—~ 58&111, sfity sand, .

SBA 69

69—167

167~

"36.1,7%. 27

35.5 70,27 . _
37.8 0.23 4 .
35, 69&0 28 I
DA ‘ |
2%.3°.0.32 " . sand e
‘<§4.2 %»23 P > A
e 0:33 ‘ s " )
' ' T 5
®. o
. - RPERE N - @a ' N
h"/“ . ' . ‘, : . . - - ‘ N R
Bt &#._\5‘ o . . . | &N . ) | | .
Slhy, Joess, brown—grey . .- . : L

'Tlll,_Ehlve brownd dry, crumbly, granltes presqnt,
appears streaked, gypsum. crystals,. ﬂﬁmerous sa

~N

inclusiohs
Sand, ry fine, fewﬁ-*;yﬂesy ollve~greym.lam1nated
' ©6rganic laminae g~

ranltes present
Grevel, pear51ze, granltes present, well sorted,
grey R ‘ : - :
Till, silty clay, very stoney, interbeds ef silt -
and very fine sand silty 70 - 72 ft., dark grey
granites T
Boulders?, unable to penetrate further;' B e

e

P

loose mdry, crumbles eas;lYL



g t ’ : v 265.
. ' :
" e -~ : o
= - ‘ . . elev. 3950
[ e gt _ 3 )
> T 77-15  — ) . o N.E.s4—34r2£§5LW5M9
. Sy .
) ‘. s I B ~
- M+C  I+M Co ' _ Remarks
0.27 0077+, 32,0 + 0.3 77
. 0.27  0.81 , VN cmmmmeccemmmmee
0.30 0.84 ° » ‘f". @348 + 1.4 -
0.30 0.77 % ‘Q’ B '
. _ . g 0, w8 clay influence?
o 'f . Tl .? Y o
. eY )
I &
,3"
0.67 0.79
g ™ ’
: =5
“ 0-19' clay, varve% silt {ebbly - ‘ :
, 19 48 - Till, Aclaye }'{)b es, grey- brown to 22 ft.
» : ‘\then unox1dlzed ollve grey, stonier at 42 ft.

'48—69 Clay-Silt, sandy beds up to 4 ft. tthk, olive
o grey. pebbly’, }ﬁurated at 54 ft. .
69‘-73 ' Till, sandy 511t, \oll‘ve grey .. .

" v T e ! -0
¢ ’ , _ . 1



266.

4340

. ;7 elgv.

77-16 - : : - S.W.-1-4-22-4-W5M ‘
%
[}
ll y

, .
R ‘ @l hw‘/ ’ N !
A e o
ke - R L . .
R w N -
o . oG .
- . )
Ve ! : '{w
. . " -
. ] ,
~ . . - ’
. AN ~
$T . . Q
- C T~ ’ A

0- 5 Road fill =~ O 7 C !
. 5-4f Clay, banded, slightly silty, dlive. grey g
il 6- Tlll dark grey, clayey, StoneY

.. o, ) bt . t
i .



267.
A " &lev. 3880
' ' o : i .

77-20 ) }J . » 1S .W.~2~27-22~3-W5M

‘ W
\, ’
. : w
LL ) WSemarks v
. wn,
. . . \ ‘ AR T .-
I . . k i » ), . .
. ;e e
40.6 " . ) ) o "
. 42 . 3 i ™ _J(l;' -"?' S N
¥, | “’ ' n e, ,.s;_.

: v . . R v -
9 . ’ - o - -
. [ . ) N L : » \;. y &
2 35 l wﬁq . S 5 * N
tlll?? ¥ 'iﬁ; 3 - '
. b Sy Jwt. aah t
e S <
: | 5

0- 2 Clay & Organlcé) : T e
2-26" Clay, pebbly, olive grey, some bandlng C i
26-47 . lell, olive grey, dry and crumbly, 511ty clay
47—55 Gravel, very dirty, saturated
55-62 T;ll silty clayr»very hard, sare as. till above
62-75 Bedrock, sandstone, grey : ' .

* ‘ R R U ‘ , N

 '%3}.



R | 268.
elev. 3430 -

"77-22 :  S.E.-3-26-22-1-W4M

. v . ' ,‘ ) : S *
v —= ‘
IL iMc - -cC o IM { M+C : Remarks = «
S DY S Lot

32.4 so. o 4
315 17.2 15.9 . 13.7. 0.22 . ® 32.4 + 0.6
32.8 415.8%-15.2 ° 18%9 omzo LR -
33.0° 15.0 15.7 12,8, 0522 -, ¢ -
. . "L Lt L P . .
o J SN B
, : N N ) x T * ,_)-{
- . . “w. ,Q' R a7 u
v‘:-'/s *“éa ’ - .-
LA Loy e ‘ . |
o S Y
- J-)' . . PR # o - )_ - “
NS -
28.5 10,4° 4.1 3.4 0.32 gl e
27.6 10.47713.0\ 6.0 0g0 28.1,3f%:4
28,1 10.2 13.2 6.9 0.35 o
. o : « L
~ * R

. 0- 5° Loess - - . S e
'5- 10 Till, interbedded with™sand, sSilty, few pebbles
" - 10~ 25 Till, silty‘c¢lay, few pebbles, grey -
T 25~ 87 Interbedded clay-and, silt, laminated|, grey
- '87- 95 Till)’silty, féw,pebbles, e
95-, 97 Sand S S

% .97-100 Till, sandy 511t P A .
« 100-107 ‘sand & Gravel, one granite fragment, mostly..

- -~ carbonate and quartzite = . e
.-107-149 Bedrack, shale, grey .

R § L) o
.« . ) e

. g . N . .
N - v B . . .
. (RN R - . ’
8 Ce el o o -



77-23

. - S L S
&, y 269
P v %
3 ‘elev. 3510
. ~
“N.W.-9-20-23-1-W5M
Q-&’ - :‘
S I A
M+C IM CC I+M Remarks
.a~. N
wer o \
Yl
ey d§3'/
.v“‘\‘, . .‘ " o
31.9 0.73 silty .
. 34,1 '0.66 2877 + 1.42 - F
\ \
ey :
0.23 19.2 .0.72  sandy
©0.23 0 20346,.0.75 e 28.52
0.09 0.6 1679 0.68 = 7
0.09 ‘ o g0.70 silty .
"0.19 ':“‘0’68

’

. 0- 51 S11t & Clay,,mlnor stones bedded

N

57- 67 Till (?), very hard, 51lty, very. few pebblest \\

67- 87 8ilt, grey, trace pebbles * : v
- 87- 97 Gravel, well rounded, no. granltes -
197f120 Tlll, very hard, sandy, léght brown to0 109 ft. then

| 120-135

.“.:‘...

-

grey . L,
Bedrock, shale, dark grey <N :

CFE . : RN

-~



270.

Px
o

" elev. 3350

77-24 L S.W.-6-1-23-1~W5M

1

- 93=105 nBedrock,_51ltstone, grey LT x \

' Remarks .
R K
. .
) 27.1 + 1.2
> 2
;% —————————————
// ﬁ \
»
8 3507
\
. §
-0- 4 Sand and ;IStQ¥és‘up to 3" size ‘
N\ 4- 40 Till, silty,._dron stained, granlte pebbles o
- 40— 62 Silt & ¢lay, minor grit _ ) v ,
62- 69 Till, 511ty clay, dark grey T
69~ 93 ‘Gravel, trace clay lense, no. granites - _ ! .

\
V.



V75"E?H¥ﬁf

lOO\ ‘ 'V ..-_.“'..: RN

LR ]

125

s X
S 271,
. elev. 3365
N.W.-13-22-22-28-W4M
. ° ‘ e
S L '
M+C IM CC . I+M Remarks ‘
- o )
0.49 8.2 0.58 35.8 4 1.2 °

0.47 24.9 10.1 o0.59 =
0.52 26.6 -12.3 o¢.s8  __ = ——

0. 49 26.0 15.2 - 0.63 sandy zone

0.61 27.7 172 g.58 R
0.52 7.8 19.6 0.57 27.6 + 1.5 y
0.47  ..9.8° 16.35,0.63 | »

0.25 AB.3 .17, *} 61: 3 N L
0.32 :: Qg ' v i ’ .
10.43 @ ~$§ 14z 0359 L -\ <

' 2.2 058 . "
0.30 15.8 145 0.59° B
0.33 15.3 :
0.18 14.8  11.7 0,56 : -

. 0.32 12.6 35.3 + 1.7 =
0.43 13.8 N .
0.43 17.1  -14.2 o0.58 . g

0.43 22.6 - 12, 056 i& % o

- 1%, 5 0.810 M ’
0.20 17.5 17.0.0.57 "~ .
0.43 17.8  15.2 o0.60- . = RIS
0.20 17.0. 15.3 o0.58 . - o L
0.25 12.3  14.9 0.57 ) y



mwﬁéf

’

77-25 (cont'd.)

T 0- 11 -Silt, brown,
. 11- 23 Till, silty clay, oxidized.
e ox1dlzed/unox1dlzed, gypsum crystals, granlte

. pebbles
23-182 " Till, silty clay, grey, hard
S . 182-204 - .Gravel, scontains granlte fragﬁénts ,

Y

.204-220 Bedrock,

51ltstone

v

cc

15.3

15.6

15.8

15.6

15.0

15.9 |

15.7
17.1

~13.9.
& 15,0

w1ﬁh flne sand

-

-9

-« - .

-
&
I
I+M Remarks
0.64 - -
0.61 '
0.63 .
0.63 3
0.62 - . ~
0. 65«:"'-;_ , ,
0..6 e i
0.63 4
0..68 5 vgse
oethiEL %
" 4 <25
72 Ly §
r _@;;* :

N £

wn with bands of

\

272.

”

P
P



77-26

@

273.

N

-,

elev. 3330
. SIE.-9-35-21-28-W4M
S I '
M+C IM cC I+M Remarks
. ‘ e )
0.47 18.0 9.8 0.56 °
0.47 '22.2 8.7 Y0.57 _
0.47 26.4 8.1 0.59 - . . <
0.47 + 25.8 9.0 0.5& . *
0.47 23.4 - 14.4 0iBo )
0.39 30.4 12.6 0.57.
0.33 25.9 azls o056 . s
0.35 23.6  12.0 &2 y
0.35 15.1 12.1- 0.55- . .
0.37 20.3 = 12.1" "0.56 a
0.39 21.0° 0.57 .-
0.37 21.0 . 10.6 0.54
0.37 21.7° 10.9 0.56 -
0.39  20.7'%%10.7° 0.56 .
0.37 22.6 10.2 0.50 @
0.39 18.8 . 12.5 0,53
0.37 26.1 - 12.0 0.58
0.39., 44.8 11.9 0.55 -
0.45 48.4° 19.1 0.56 . .
3" 0,49 80.6 12.0 - 0.59.
1 0.39, 37.7° B f
0.41 -34.2" 11,2 . 0.59
- 0.43+22.6° 14.7 10,%7, o



274.
77-26 (cont'd.)
. TTTTTTY L X . \
) / \
. ’ S I SR
’ . “LL  M+C - IM .CC  I+M- - Remarks -
5.9 ',_’g;a 14.0 0057 T oyl
35,7 [+ 2144 . 11.4 0,50 - e :
35.8 , . . 29y9°" I3.3 0.53. 35.4 +1.0 -
v e . N N - " i N —
36.4,_ 7 13t2 o0.53 o N
"35.1 % 733,10 13:1 0:55 4 - T
A A 3% N - e
' 0.53 " &’
T e L
“, ‘ ) -

0-. 9 . Poor samples , | o
.?* 95 Till, sfilty g&lay, oxidized,’ granite. pebbles,
. , bandihg 15 - 20 ft. and 65 - 95 ft. hard drilling.
955 99 Gravel (?), "chattering" - \ -
99-151. Till, silty clay, dark grey, granites
lSIL167f7GraveL,witm sand interbeds,  smooth drilligg
' 167-185 ' Bedrogk, siltstone, yellow brown P

) .
.



25

- 50

75

100

125

77-29

LL

35.7
36.8
36.4
36.3
35.0
35.8
35.3
36.2
33.4
31.9
35.4
30.5
32.6
30:7
34.8
30.4
33.1
34.5
35.3

36.7
36.0

36.'8
37.1
36.0
36.2

IM

—

=
D - e d O Y
. L L]

OO OOV ® e IO

wn

e el
N U
. .
~ O

20.8
22.0

: 275.

)

elev. 3340

S.W.-13-1-22-28-W4M

~ ~

A
X ' v
CC I+M Remarks
13.6 0.56
0.57
22.3 0.61
8.8 0.54 i
7.8 0.58
9.3 0.55 ' v
9.5 0.57 -
11.3 0.59
14.5 0.56
13.9 0.63
17.2 0.64
16.0 0.63
16.2 0.58
15.4 '
17.9 0.66
18.8 0.60
11.5 0.58
8.4 0.67
10.6
12.7 0.61° ‘
10.6 0.55 '
12.2 0.55
12.7 0.54
11.9 - 0.55 .
11.9 0.55



0- 20
20-207

207-214
- 214-225

LL

36.3
36.1
35.8
35.3
34.72
35.5
29.4
36.2
35.8
37.0
36.9

37.2
36.7
35.4
3&. 8

Till,

Gravel _
Bedrock, siltstone

M+C
0.37

0.35
0.41
0.37
0.37
0.35
0.33
0.33
0.37
0.37

0.37

0.35

0.30
0.37
0.33
0.27

-
=

o N
BN N

—
©

—t
O O N WO Wb

.

.
0 W0 WO I WNhWWwoO

cC

13.1
13.5
14.1
14.2
13.0
16.5
15.2
15.1
15.9
13.4
16.5
15.6

15.3
14.6
16.3
20.9

I
I+M Remarks
0.53
0.59
35.2 + 1.8
sandy
0.93 ]

silty clay, grey—brown, granite pebbles
Till, silty clay, grey, very stoney 37 - 40 ft.
granites and abundant local bedrock, firm



77-31

0- 5
5-25
25-27
27-50

277.

elev. 3395

AN S.W.-4-15-23-29 W4M

LL : Remerks

33.5 \\\

31.3 \

30.9 4

29.1 - , 30.3 % 2.5

26.8

36.5
38.0
37.1

Fill A

Till, silty, stoney

Gravel ‘

Bedrock, sandstone/shale, grey



77-34

0- 7
7-12
12-24
24-31
31-45

.278.

‘ elev. 4250

‘

S.W.-15-25-22-4-W5M

IM ' Remarks

1.4 weathered
0.7

- 33.6 + 0.3
- 32.2 + 0 2
- S N

Till, few pebbles

Till as above, very stoney

Sand, silty, laminated, stone free
Till, brown-grey, very hard, stoney

‘Bedrock, siltstone,” light brown



0--27

27- 67

69-120

- 120-136

s

elev. 3435
S

‘N.E.-16-14-22-1-W5M

S I
LL EIE M f:ﬁ Remarks

T

i‘

32.1 0.17 13.9 0.77
30.2 0.51 11.4
31.5 0.48
31.0 0.19 13.6 _
31.0 0.45 13.5 31.1 + 0.8
31.7 0.40° ' N
29.7 0.28

6
32.2 0.24 8.

28.0 0.21 3.2 27.8 + 1.1
28.9 0.26 0.5 . K
26.7 0.22 1.2

‘Sand, medium to coarse, stone free, unoxidized
at 18 ft. ’

Till, silty clay, granite pebbles, clay beds up
to 1 ft. thick throughout '
Silt, lgminated to massive, blue-grey,
below 80 ft. ' .
Till, silty, dry, hard drilling, dark grey, few
small pebbles 7

sticky

279.



280.

elev. 3570
77-41 : N.E.-16-36-25-1-W5M
" _S_ :
M+C IM 7 Remarks
0.21 2.1
0.22 1.9 . .
0.22 1.6
i 24.6 + 1.4
0.53 1.2
0.51 0.3

50

0-33 Till, very few pebbles, laminated silt, pre-
dominantly silt to 12 ft., below 12 ft. stoney,.
hard drilling with sand interbeds, sandy silt

33-40 Bedrock, siltstone, light grey, dry



77-42

LL

31.6
32.5
32.0

Till,

Silt,
Sand,
Till,
Bedroc

281.

elev. 3550

S.W.~12-1-26-1-WSM
- 1]

silty, few stones, includes silt lamination

wet - '
fine, organic matter
fairly stoney

k, siltstone, grey



elev. 3760
‘ ¢ - .
N 77-45 S.W.-12~11-26-2-W5M
m -
‘Remarks
37.2 + 1.9

few to moderate,

282.



283.

elev. 4165&\

Y 17-46 S.E.-1-13-2653-W5M
SN
S_
o LL M+C  IM
40.4 © 0.33 16.8
35.6 . 0.66 5.9
38.4 0.65 3.1 .
37.1 0.45 0.8
25 ~ 33.5 0.79 -

- 32.9 110 1.0

0- 4 Silt, clayey, pebbly ‘ j

4-33 Till, silty clay, grey-brown, very rocky
28 - 33 ft. -
33-51 Gravel - i .



.284.

elev. 4275 .

77-47

N.W.-13-8-26~3-W5M

- Su
LL M+C IM ‘Remarks .
36.0 0.36 0.2
34.1 0.42 -
34.9 0.33 0.6 35.0 + 0.9

0-16 Till, silty clay, very stoney

*16-26 Silt, light tan, dry, stoney, organic mattef'
26-30 Bedrock, siltstone '



78-2

39.5 38.8 + 1.3
36.9 | .

>

0-44 Till, silty, banded upper 6 ft., abundant black
carbonate pebbles, olive brown, urnoxidized at
16 ft., very stoney 31 - 33 ft.

44-49 - Gravel, dry, light té&n ‘

49760 Bedrock (?) "



286. -

elev. 4320

N.W.-13-35-25-3-W5M

-

< g |
LL  M+C : " Remarks
37.9 0.52
39.2 0.46 . .
31.4° 0.68 B 35.5 + 3.2
36.2 0.63
33.0 0.49
| U : R
/ 0-36 Till, silty clay, grey, carbonate pebbles, stoney

to 26 ft., fewer stones 26 - 36 ft.
36-44 Gravel



287.

elev. 4150

78-6 | : , S.E.~1-22-26-3-W5M-

CccC . Remarks

30.4
27.0

23.5 ' A ,
25.6 ' " 33.5 + 0.6
24.4 _

21.4

. 21.3
21.0 . 39.9 + 2.9
22.9 )

22.4
21.8

100 5

$

0- 8 Till, silty clay, stoney, black carbonate pebbles,
yellow-brown S ' '
8-10 Silt, light tan, laminated

10-27 Till as above, few stones :
. 27-31¥rill, clay, grey, some laminated clay

31-38 laminated, plastic, some stones -~
38-63 ty clay, stoney

'63-80 rey, .some stones

80-95 Silt, olive bro dry

. .
v
. .
[} - Q
) .




. : , 288,

elev. 3950

S.E.-9-25-26-3-W50M

Remarks

wettheréd?

1

S 27.2 1.03
$-:.34.0+.0.73 :
o 31.4 7 0.82 - . 31.9 + 2.2 \
33 132.5, 0.70 .
©+-3319° 0.39

'33.4 o0.64

N

- 0-51 Till, Eiltiﬁ‘small pebbles, mostly‘carbénate pebbles,
¢ . silty 22 - 24"ft. with no pebbles, unoxidized at 44 ft.

51-65, Bedt'ock, siltstone, ye{low-brown

)Y .2 — .
,{% . ; ! . g,}g . /



289,

. . |
‘ : : . elev. 402;-‘:?

78-8 ' N N.W.-4-23-25-4-W5M

\ Remarks

—— - ———  — - ———

32.0 + 0.3
trahsitional?

0-29 Till, silty, firm, oxidized -
29-42 Till, silty, grey, dry, crumbly appearance, mostly
carbonate and gquartzite pebbles ‘

42-55+ Bedrock, shale - -~ '



78-9

290.

elev. 3935

S.W.-16-27-25%4-W5M

Remarks

R



'O h 291.
4 {{ ~
> \ ) - ’
78-9 (cont'd.) . o .

S

LL M+C CcC ) . Remarks
D \g//\\

18.3 0.06 56.0 Lo . 18.3?

0- 37 Clay & Silt, laminated, pebbly, stiff
37- 47 Till, plive brown, abundant black carbonate
pebbles, silty clay
N 47- 54 Gravel, or very rocky till
54-110 Till, grey-brown, becoming unoxidized at 75 ft.,
abundant local bedrock and carbonate pebbles
110-154 Silt and sand, silt laminated, dry.
154-157 Till, grey, abundant carbonate pebbles



292.

'g;~ elev. 3875
78-10 ~ L o N.E.-8-24-25-4-W5M
s \
0 ‘ LL M+C cc Remarks
N Y
.25 ,
. % 37.7 0.12 25.5 : 36.5 + 1.6
D ) —
flow till? 3 35.4 23.6 4
50 — ' .
37.2 27.7
36.8 0.04 27.4
RN 36.9 0.05 27.3
75 RN . o X
' AR 34.8 0.06 27.6 e o
31.0 0.06 27.9 e q 34.8 + 2.1
_ AR 34.3 0.06 30.6
100 —SSN  34.5 0.08 28.5
R 33.4 0.05 30.7
33.5
’ 0- 30 Clay & Silt, laminated, yellow;brown

30- 32 Till, silty, some pebbles, oxidized, flow till?
32- 54 Silt, clayey, some small pebbles, yellow-brown,
dry | R .
| 54-106 Till, silty, massive, low pebble content, dry,
crumbly, yellow-brown
106-120 Bedrock, siltstone:



N 293.

elev. 3925
78-11 . N.W.=4-7-25-3-W5M
_S_ o ’
LL M+C ccC Rémarks
2y
40.0 0.19

36.5 0.12 21.1
42.8 0.16 24.1

31.1 0.15 23.7

34.0 0.15 24.5

35.9 0.16 25.0 .

34.8 0.18 25.0 ‘35.4 + 2.9
34.5 0.12 26.1 -
35.4 0.14 25.7

34.0° 0.16 30.7

35.4 0.14 30.3

0-23 Clay, silty, oxidized, stone free"

23-78 Till, clayeylsilt, oxidized, becomes unoxidized
at 41 ft..an"\dry :

78-95 Bedrock, sandqtone, oxidized

s

\



294.

’ ) elev. 3950
i3
78-14 N.W.-13-34-24-3-W5M
_S_ : 5
0 LL  M+#C cc Remarks ~,

“ Vg sy X v

I 36.0 0.19 20.8 | 38.1 + 2.0

¢ 38.3 0.19 20.9 ' |
® 40.0 0.18 19.3

0- 2 §Silt, clayey, black, organic, soft, stone free

2- 6 Till, clayey, silt, highly organic.black

6-23 Clay, -silty, light oliX¥e -brown, stone free '

23-38 Till, silty, dry, crumjly, mostly dark carbonate
, pebbles, unoxidized '

38~50 Bedrock, sandstone




78-16

28-44
44-60°

élev. 3890
S.E.-4-16-25-3-W5M

Remarks

36.8 + 0.4

295.

Clay, silty, crumbly, pebble free in- upper 15 ft.,

banded

Till, silty, massive, dry, yellow-brown

Bedrock, sandstone

Lo



296.

g : S elev. 3865
®
78-17 © 8.W.-12-11-25-3-W5M
y _S_ ,
W LL  M+C cC Remarks

l J

34.3 -0.16 30.1 - 35.1 + 1.7
34.0 0.18 29.0 -
37.7 0.10 30.8 o

34.3 0.12. 3849

100— : _ o PR -

0- 68 Silt & Clay, light olive brown, sténe free
68- 95 Till, sandy silt, oxidized to 76 ft., very pebbly
95—108\ No recovery
108-125 - Bedrock, sandstone



297.

elev. 3850
78-18 L ' S.E.-4-23-24-3-W5M
p -

33.1 + 0.3

0-60 Clay & Silt, stone free, plastic, unoxidized at
32 ¥t. T : -

60-81 Till) silty, massive, dry

81-95 Bedrock, sandstone, grey

e ¢ ) -
v



N 3 v, \ , .
‘ b 298.
elev. 3850
78-19 . N.W.-13-3-24-3-W5M
LL : ' Remarks

s 40.7

N ! 39.9 ) -

ey 37.7 , .- 37.0 + 3.5

SN 33 ,. , |

fj;;fj 33.2 o, L e

RN 31,7 -

25.7 )

LAY 31.5 transitional to .
50—?:"%;5 o “ sandy bedrock

R .

L

| 0- 6. Silt'& Clay, very dry, stone free, olive
- 6-45-" Till, clayey silt, orive,®quite stoney,sandy
( " from 30 ft., very hard

.45-55 ’Bedrock, sandstone, grey . \

l \t N,
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299.



300.

ADDITIONAL TEST HOLE INFORMATION

waéer Wells . .
S.W.-22-21-28-W4M: 0-86 clay, 86-130 g%%ygl
S.W.~27-21-28-W4M: 0-10 sand and clay, 10-11 sand, ll—127
till, 127-133.gravel T .
S.E.-27-21-28-WdM:  0-125 clay,”125-140 gravel, 140 - bedrock
. C | : |
S.W.-29-21-28-W4M: 0~42 sand, 42 - bedrock
N.W.-30-21-28-W4M:  0-30 sand, 30 - 60 gravel, 60 - bedrock
S.W.-31-21-28-W4M: - 0-36 boulder till, 36 - 46 sandy $%ilt,
) 46-100 till, 100 - bedrock
N.E.-31-21-28-W4M: - 0-60 clay and silt, 60-63 sand, 63-166
. _clay, 166-188 gravel, 188 - bedrock
- ’ ¥ b
S.E.—34—21-28-W4M: - 0-126 blue clay, 126-135 gravel, 135 -
[a) " ) )
. bedrock ’
- \
N.E.-5-21-29-WAM: - 0992 till, 92 - bedrock . .
4 ( Q- ) ’
A S E2821-29-WAM: 0~15 clay, 15-91 till, 91 - bedrock
) T L |
N}W.f33;21—29-W4M: . 0-100 sand and gravel, 100 - bedrock
> N *
: o N
S.E.-36-21-29-W4M:  0-12 till, 12-29 sand and gravel,
-

° 29-79 clay and gravel (till), 79 - bedrock



g

N.W.-13-21-1-W5M:

.....

P e —

S.W.-31-21-1-W5M:

1

N.E.-34-21-1-W5M:

S.E.-36-21-1~-W5M:

N

S.W.-6-22-28-W4M:
3

N.W.-6-22-28-W4M:

N.W.-10-22-28-W4M:

S.E.-1-22-29-W4M: "

NS
> T

S.E.-2-22-26%W4M:
NI

< -

124-138 sand

boulder till,

301.

[\

0-84 clay, 84-150 sandk}nd gravel, 150 -

bedrock -

0-193 overburden, 193 ~ bedrock

0-48 till, 48-185 clay, 185-187 gravel

|
.

.
0-160 clay, 160-185 gravel, 185 - bedrock

0-26 clay, 26-36 sapd, 36-124 till,

201 - bedrock

0-25 clay, 25-167 grey clay

‘(till), 167-205 cemented gravel, 205 -

‘bedrock ' ,

0-175 till, 175-199 gravel

0-40 clay, 41-50 boulder clay. (till),
50-x74 clay and pebbles (till), 174-195
//rf % ;174

gravel and poulders, 195 - bedrock

0-18 brown titj;/13—27 sand, 27-124 grey .
24-129 gravel and boul-
ders, 129-138 grey boulder till,-138; -

160 gravel,' 160 - bedrock >

<2



- < §,E.-3-22-29-W4M:

-

S.E.-4-22-29-W4M:

N E.-24-22-29-W4M:

EV-_ Ny

S.W.-28-22-29-W4M:

"\‘ 9,
N.E.-2-22-1-W5M:

N.E.-7-22-1-W5M:

N.E.-17-22-1-W5M: _

N.E.-17-22-1-W5M:

a

N.E.-18-22-1~W5M:

. S.E.-18-22-1-W5M:

© 140-143 gravel 143- ~165 £ill, 165-189

“ 302.

'QAI

0- 30 c;&y, 30-40 sand‘ 40-140 till,

-

'-gravel, 189 - bedrock

o - . ’ S

0 29 browp sand, 29- 110 grey . clay and N

rocks (till), 110-150 gravel and poulders,
150 - bedrock
0-20 till, 20-60 sand apd gravel, 60 -

b

bedrock

‘0-81 clay and sand, 81-84 sand and gravel,

o G

84-100 clay and gravel (till) I

0-15 till, 15-54 gravel, 54-64 till,

" 64-74 gravel, 74-95 tili, 95 - bedrock = =

v

0-19 clay, 19-36 gravel, 36-65 till,

65 - bedrock

0-12 clay, 12-55 sand and grawel,'

55 - bedrock

0-6 clay; 6-35 gravel and boulders,

35-65 till, 65 - bedrock

0-100 till, 100 - bedrock . .

- 0-20 clay and rock (till), 20-50 gravel,

50-65 clay and rock (till), 65 - bedrock



o

N.W.-23-22-2-W5M:

RS

N.E.-28-22-2-W5M:

4

N.W.-8-22-3-W5M:

S.E.-15-22-3-W5M:

N.E.-21-22-3-W5M:

<>

N.E.-28-22-3-W5M:

N.W.-29-22-3-W5M:

S.W.-30-22-3-W5M:

N.E.-36-22-3-W5M:

«

[y

S.E.-5-23-1-W5M:

-23-1-W5M:

2

- 0-40

0-90 till, 90 - bedrock

a

0-110 till, 110 - bedrdck

0-30 clay, 30-99 silt, 99 - bedrock

~
~.

0-21 clay, 21-57 till, 5773 gravel,

.73 - bedrock

Vo

0-20 clay, 20-40 till, 40-66 gravel,

66 - bedrock

0-34 gravel, 34 - bedrock

I8

x

silt, 103 - bedrock

0-95 clay and boulders (till), 95 -

bedrock

.

-

till, 40-53 gravel,. 53-55 till

~ 0Y55 clay and boulders (till), 55-103

-

0-10 sand, 10-60 sand and clay, 60-73

303.

fine sand, 73-158 silty sand and gravel,

158 -~ bedrock

)

0-30 clay, 30535 sand, 35-100 brown clay.

and gravel (till), 100-150 sandy clay

and gravel (till), 150 - bedrock

A



304.

\ | '
N.W.1-23-2-W5M: 0~-11 clay, 11-13 gravel, 13-27 clay,

ot : L
27-69 sand, 69-106 gravel, 106-139 sand,

139 - bedrock

N.W.-1-23-2-W5M: 0-24 till, 24-82 clay, 82-116 gravel,

116-134 sand, 134 - bedrock
S.E.—12—23—2-W5M: 0-103 clay, 103-128 sand, 128 - bedrock

N.W.-13-23-3-W5M: '0-16 clay and boulders (till), 16-92

gravel and boulders, 92 - bedrock

~
L3

N

Inventor§\of Calgary Data

‘ * |
'\N.W(415-23—1—W5M: 0-6 silt and sand, 6-9 brown till,
| | N : o
o
9-11 sand, 11-19 till-

' *
 S.E.-20-25 l-W5M: 0-6 silt, €-11 till (LL 35), 11-17 sand,
g ' L 17-20 till
S.E.-21-23-1-W5M:  0-3 silt, 3-13 till, 13-28 clay and

sand, 28-31 till

S.E.-21-23-1-W5M: 0-13 silt, 13-34 till, 34-36 gravel,
36-40 till

N.E.-28-23-1-W5M: 0-7 silt and clay, 7-11 till (LL 32),

11-13 clay, 13=18 till

*LL = .liquid limit



305.

N.E.-28-23-1-W5M: 0-5 silt, 5-14 till, 14-17 gravel,

©17-20 silt, 20-24 till (LL 27), 24-30

3

gravel

S.W.-33-23-1-W5M: 0-5 siit,fs;ls till (LL 28), 15-19 silt,
19-24 till

S.E.-33-23-1-W5M: -~ 0-4 silt, ¥-7 till (LL 28), 7-19 sand

and silt, 19-21 till

N.W.-2-24-1-W5M: . 0-4 fill, 4-22 sand, silt and ¢Tay, .
" 22-40 till (LL 25)
N,W.-3-24-1-W5M: 0-18 silt and sand, 18-22 till (LL 27),

22-87 silt and sand, 87-104 till (LL 37)

N.W.-4-24-1-W5M: - 0-6 silt, 6~36 till, 36-47 silt and sand,
47-97 till -
S.E.~6-24-1-W5M: 0-6 silt, 6-18 till (LL 33), 18-25 sand

o - . 3
and silt,. 25-36 till (LL 35), 36 - bedrock

S.W.-8-24-1-W5M: 0-14 till (LL 27)
S.W.-9-24-1-W5M: 0-7 sand, 7-25 till (LL 27)
N.E.-21-24-1-WSM: = 0-99 sand, silt and clay, 99-137 till

(LL 22), 137 - bedrock

’



N.E.~21-24-1-W5M:
S.E.~30-24-1-W5M:

N.E.-30-24-1-W5M:

306.

0-108 sand, silt and clay, 108-132 till

(LL 26), 132 - bedrock
o

0-46 sand, silt,,clay and gravel,

46 - bedrock'

0-28 silt and sand, 28-71 till (LL 28)
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:DITION 5 82-0/1 . .

Afpdrie 5km ) Military users, SERIES AT741  strie
I 29022‘03- Ed ! refer to this map as: e 820N ¢
b . 500" - ARTE
708000m E. (9 114°00 Rétérence de cette carte
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81-8
3
.2 .
o GLOSSARY  GLOSSAIRE
g 80 Mrtield . ., Terrain d aviation
O Arena . Arena
g—‘ City Lirmits Limites de ville
. Customs . Douane
= Drich . Fosse %
Ougout . Abreuvor! N
- Dump . Dépotoir . .
Filtration Plant . Usine de filtration \ V
79 Gas . . Gaz \ .
) Gol! Course . . .. = Terrain de goll
Junk Yﬂg . Ferrarlle
Kiln X . Four
Lookout ... . .... . Belvégere B
Mine Waste . . ... .. Déblai de mine
Oit Wells ... ... Puits de pétrole hd
78 - Park. .. .. . s Pare .
Rink ... . .. .. . Patnoire
TD 26 - Semior C:tizens Home ... Foyer de V'age d'or
SkiArea...... ... . ..Station de skt
String Bog .. . Fondriére & hlaments
Surveyedline ... . ...~ Lignearpentée
_ Tank.......0. . Réservoir
77 Water.......... . . Eau ’
WinterRoad ......... ... . Chemn d'hiver

For a complete glossary see reverse side
Pour un glossaire complet, voir au verso

76~ o
\ - -
ABBREVIATIONS ' ABREVIATIONS/
Aband.. .. Abandoned ... . abandonné, ée
C......... Cemetery ... .. - Cimetigre |
X . County .. R .. Comte
75 . Elevator ............. .. Etévateur
i Ferry ... ... . Traversier
..7....Indian Reserve .. ... .. . ....... Réservendienne s
. W Hospital ... ... Hopital
Lo leto - Lot
. Micro .. Microwave ... .. Micro-ondes
.. Municipality . Municipalite
74 — Post Office ... .. ........ Bureau de poste
. PowerHouse............ ... Centrale électrique
.. Royal Canadian Mounted Police i
) : Gendarmerie Royale Canadienne
" Res........ Reservoir ............. . ...... Reservoir
Trans Sta .. Transformer Station ... ...."Poste de transformateurs
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= Use diagram only to oblain numerncal vakues
; 69 — APPROXIMATE MEAN DECLINATION 1980
z FOR CENTRE OF MAP
s ml Annual thange decreasing 140
i
o N utilises le diagramme que pout obtent 1€s valeurs numeniques
> DECLINAISON MOYENNE APPROXIMATIVE
z AU CENTRE DE LA CARTT EN 1980
Variation annuelle décrorssante 14 0
68
ONE THOUSAND METRE
UNIVERSAL TRANSVERSE MERCAIOR GRID
ZONE 11
67 ~ QUADRILLAGE DE MILLE METRES -
. TRANSVERSE UNIVERSEL Df MERCATOR
GRID ZONE DESIGNATION | 100 000 M SQUARE IDENTIFICATION
66 DESIGNATION DE IDENTIFICATION OU CARRE
LA ZONE DE 100 000 M
DU QUADRILLAGE "
PGIQY
11u
— v
62
[ ’V ) EXAMPLE Of METHOD USED
10 GIVE A REFERENCE TO NEAREST 100 METRES
. EXEMPLE DE LA METHODE EMPLOYEE
- 64 POUR FIXER DES REPERES A 100 METRES PRES
e :
-ia
..
'l:
10
[0 |
‘ \ IR v F05' #
. ¢ - =
‘ I \
0 Fo . 95 96 97 98
i ) \_? ‘
iy . U REFERENCE POINT (as above)
<. “—T"’\ \\\\\\ 62 -_ POINT DE REPERE CHURCH .- €GLISE (ci-dessust
A .
\ é . -
A\ Ty flrang EASTING: Read number on grid hne ° -
T HL I M immediately to left of point
| pokls ABSCISSE: Noter le chiffre de 18 ligne .
+ A% LN i R e e de I3 g
1 — du quadnilage immediatement 3 gauche
i AV : /\ du repere: 9?
. i t . Estimate tenths of a square from
) 61 this line eastward to pont:
2l f g Estimer le nombre de dixidmes du carre
® > entre cette ligne et lerepere endiectionest: |5
’ " 975
. W~ : S | NORTHING: Read number on grid fine
i H 60 immediately beiow point- i
- __ : i ORDONNEE: Noter le chifire de la igne
ey [ N * 60 du quedriliage immédiatement en.dessous
A 3 du repére. o
o Estimat t i
o = CIRE H stimate tenths of a square from
> ! l:‘ L] Tp 24 this 11ne northward to point
: ;ﬁ . 3 - Estimer le nombre de dixiemes du carré
g ) >~ . - entre crtle ligne et te repére en directron nord __JL
¢ 1 GRID REFERENCE. 984
59 — REFERENCE AU QUADRILLAGE: 975984
» b . NearestSimilar grid reterence 100 000 metres (abaut 63 miles)
o L2 prochaing Tétérence simlaire est 2 100 000 metres (snviron 63 mibles)
1A o ¢
[ o BROWN NUMBERED TICKS INDICATE
- . 3 2% _ THE 1000 METRE U.TM. GRID
< 23 58 } ZONE 12
P T . ™ " LES AMORCES BRUNES NUMEROTEES REPRESENTENT
o * ; LE QUADRILLAGE DE 1000 Mt '#£S T.U.M.
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Information concerning location and precise elevation of bench On peut obtenir des renseignements sur le lieu et I'altitude exacte des
. marks can be obtained by writing to the Geodetic Survey, Surveys ¥
and Mapping Branch, Ottawa,

repéres de nivellement en écrivant aux Levds géodésiques, Direction des
levés 2t de la cartographie, Ottawa.

CONVERSION SCALE FOR ELEVATIONS

. Metres .30 20 10 c'l\

lnulm.lm

ECHELLE DE CONVERSION DES ALTITUDES

100 150 200 250 300 Metres
g L FNI ST U VN VU W SN SR SN SO VO AL ST R SR R SR W N
. L Tty e S e e e—

Feet 100 50 0 100 200 300 400 500 500 700 800 900 1000 Pieds

3 Milles '
= CONTOUR INTERVAL 25 FEET EQUIDISTANCE DES COURBES 25 PIEDS
Elevations, N Feet above Mean Sea Level Aititudes en pieds
North*American Datum 1927 Systéme de rélé éodési ¢ in, 1927
Transverse Mercator Projection o

Projection transverse de Mercator

TTRYTT Y
R

IIOF

P

=3




R

AR
e
“'L qultry Farm,
Y 9

? i~

g
O
)
o
|

Tp 24

59 —

58 ~

57 —

o
o)
!

6696 "

N 00006595
|
"N "wQo00

/ Y, Ik
- 8 a e r'
~ iunk Yaid /i 4l Tp 23

[ L7 3 Ul 51000

»

08 709000m.E. 10 114°0"
' I 289060m.E

e R—

VU LWURLURTLE AL

PGIQG

11y

EXAMPLE OF METHOD USED
TO GIVE AREFERENCE TO NEAREST 100 METRES
EXEMPLE DE LA METHODE EMPLOYEE
_POUR FIXER DFS REPERES A 100 MUR[S PRES

REFERENCE POINT
POINT DE REPERE

(as above)

CHURCH - EGLISE ) 00

EASTING Read number on grid hine
immediately to left of point:
ABSCISSE: Noter le chiffre de l2 ligne
du quadriliage rmmediatement a gauche
du repére 97

Estimate tenths of a square from

this line eastward to point

Estimer le nombre de dixiémes du carré
entre cette igne et le repére en directionest |5

NORTHING- Read number on gnd line
womediately below point
ORDONNEE: Noter le chutfre de la irgne L.
du quadnllage immédiatement en-dessous
du repére: 98
Estimate tenths of a square from
this hine notthward 1o posnt
Estimer fe nombre de dixiémes du carré
entre cette hgne et le repére en direction nord |4
GRID REFERENCE 984
REFERFHCE AU CQYADRILLAGE 975984

LES AMORCES BRUNES NUMEROTEES RE

‘ Etablie par la DIRECTION DES LEVES'ET DE LA CARTOGRAPHIE,
MINISTERE DE L'ENERGIE, DES MINES ET DES RESSOURCES.
Mise 3. jour 3 Taide de photographies aériennes prises en 1977 et 1978.

- Véritication des ouvrages en 1977. Pu_bliée en 1980.
Ces cartes sont en vente au Bureau des Cartes du Canada,

ministére de Energie, des Mines et des Ressources, Ottawa,
ou chez le vendeur fe plus prés.

© 1980. Ss Majesté La Reine du Chef du Canada.
Ministére de 'Energie, des Mines et des Ressources. -

Nearest yiMilar gnd reference 100 000 meties (about 63 miies)
Laprochnne rélecence simi'are ast 3 100 000 metres troviron 63 mullesh

BROWN NUMBERED TICKS INDICATE
THE 1000 METRE U.T.M. GRID
ZONE12 -

LE QUADRILLAGE DE 1000 METRES T.U.M.

TABLEAU D'ASSEMBEAGF DU SYSTEMF NATINMA)

Calgary Sheet

Base ﬁap

'Figure 1-3
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Military users, SERIES A 741  SERIE

re’ler_toth|s mapas: | o 82P/d  CARTE
Référence de cette carte| -

pour usage militaire: EDITION 4 MCE £DITION

GLOSSARY ...0SSAIRE

At Terrain d'aviation -t
Arend . . Aréna

City Limits . e Limites de v
Customs . Douanr
Diteh..... ... . . . Fusseé

Dugout. .. .. ... ... Abreuvo.
Dump...... . Depotolr
FittrationPlant .. . ........... Usine de filtration
Gas............ . s Gar

Golf Course ... . Terrain de golf
JunkYard.................... Ferraille

Kiln. ..o . .Four

Lookout ....................... . Belvédére
Minewaste............. ... Déblai de mine
Oilwells.................... Puits de pétrole
Park........................ .. Pare
Riok........... .. ... Patnore

Senior Citizens Home ... .. _.... Foyer de I'ige d'or
ShiAred....................... Station de ski
String@og.............,...... Fondritre  1;iaments
Surveyed Line................... ligne arpentée
Tank........................... Réserveir
Water.................... ... Eau
WinterRoad.................... Chemin d'hiver

For a compiete glossary see reverse side -
Pour un glossaire complet, voir au verso
’

- ABBREVIATIONS ABREVIATIONS

Aband ... . Abandoned...................... Abandonné. ée
Cemetery........................ Cimetiére
County. ... Comté
Elevator \......................¢ Elévateur

. Hospital ..., Hopital
S * Lot o
Microwave.................... Micro-ondes
Municipality .................... Municip;ligé
PostQffice................,..... Baveau de poste
Powar House .................... Centrale électrique
Royal Canadian Mounted tolic}
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Use diagram only to obtain numerical valule/s- .
APPROXIMATE MEAN DECLINATION 1978
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ie Royate Canad,
Res ... Reservoir,.............. el Réservoir
Trans Sta.. 1rlns'ormgv Station Poste dé transformateurs
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_ Usediagram onlyto obtain numencal_@alues -~
APPROXIMATE MEAN DECLINATION 1978
FOR CENTRE OF MAP
Annual change decreasing 56

Nutifiser le-diagramme gue pour obterr {es valeuts nume‘ndues
DECLINAISON MOYENNE APPROXIMATIVE
AU CENTRE DE LA CARTE EN 1978
Vanation annuetle décroissante 56°

ONE THOUSAND METRE
UNIVERSAL TRANSVERSE MFRCATOR GRID

ZONE12

QUADRILLAGE DE MILLE METRES -
TRANSVERSE umvsnsn DE MERCATOR

- ' \\ - " ) “w
Z : . —
GRID ZONE DESIGNATION | 100 000 M SOUARE IDENTIFICATION
DESIGNATION DE IDENTIFICATION DU CARRE
LA ZONE DE 100 000 M
DU QUADRILLAGE - M
™| um
12u
3
, EXAMPLE OF METHOD USED
TO-GIVE AREFERENCE TONEAREST 100 METRES
* EXEMPLE DE LA METHODE EMPLOYEE 3
POUR FIXER DES REPERES A 100 METRES PRES
| I
99 I | /
EE [E \_
97 . l ' y
. | P
-

95 96 97 98
.

REFERENCE POINT

(as above)
POINT DE REPERE CHURCH - EGL’|SE {cr-dessus)

EASTING: Read number on grid line
immediately to left.of point.
- ABSCISSE: Noter le chiffre de [a ligne

du quadrillage ummednalemen! a gauche
du repére: .

97
Estimate tenths of a square from
- this hine eastward to peint: R
Estimer e nambre de dixiémes du carré
entre cette ligne et le repdre en direction est: {5
- - o 975

NORTHING: Read number on grid line
icmmediately below point ’

ORDONNEE: Noter le chitfre de la ligne -

de quadnitage imméd:atement en-dessous

du repére: )

£stimate tenths of a square from

his.line northward to point:

Estimer le nombre de dixiémes du carré

dntre cette ligne et fe repére en direction nord: ___{4

GRID REFERENCE: . v 984"
REFERENCE ALl QUADRILLAGE: - 975984, .

Nearest Semlar grid reference 100 etres (about 63 miles)
ta prochate Mium simdaireest a | matres (environ 63 milles)

-

BROWN NUMBERED TICKS INDICATE
. THE 1000 METRE U.T.M. GRID
ZONE.1Y -
LES AMORCES BRUNES NUMEROTEES REPRESENTENT
LE QUADRILLAGE DE’ 1000 METRE_S T.UM,

| rr |
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Produced by the SURVEYS AND MAPPING BRANCH, ’
DEPARTMENT OF ENERGY. MINES AND RESOURCES. - * -
Updated from serial photographs taken in 1977-78. Cuiture check ' Roads:
1377 Published in 1980. hard surface, alt weather ................. pao
Copies may be obtained from the Canadas Map Dtfice, o N .
Department of Energy, Mines and Resources, Ottawa, hard sgdace, all weather ............ s Do
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© 1980. Hﬂﬂammmoumm Right of Canada. * \ . . .
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EXAMPLE OF METHOD USED .
“ TOGIVE AREFERENCE TO NEAREST 100 METRES

EXEMPLE DE LA METHODE EMPLOYEE
POUR FIXER DES REPERES A 100 METRES PRES

. 99 | l,‘_,4i4 [ . . ,

| t‘_]__

9Bfm A Y

974 ——t— —

REFERENCE POINT CHURCH - EGLISE (as above)

POINT DF REPERE {er-dessus)

EASTING: Read num;:r ongndlhine
immediately to left of point
ABSCISSE: Noter le chiffre de la ligne
" du quadriitage immediatement a gauche
). durepere: 97

Estimate tenths of a square from
this line eastward to point
* fstimer le nombte de dwiémes du carre g .

entre cette ligne et te repére en diracty “‘53_4
& 3 975
N

£

u\lw

_NORTHING Rog&,number on ghd hae
immediately below point
ORDONNEE: Noter le chiffre de |2 ligne
du quadrifitage immediatement en-dessous
du repére: 98
Estimate tenths of a square from
this line northward to paint
Estimer le mombre de dixiémes du carre
entre cette ligne et lerepdre en direction nord- 14
GRIO REFERENCE: ;. 984
REFERENCE AU QUADRILLAGE: “975984
Nearest similat grid refetence iOO 000 metres (about 63 miles)
La procharne rétérence similare est a 100 000 metres (enviran 63 mitles)

BROWN NUMBERED TICKS INDICATE : \
THE 10b0 METRE U.T.M. GRID
: ZONE 11
-LES AMORCES BRUNES NUMEROTEES REPRESENTENT
LE QUADRILLAGE DE 1000 METRES T.UM.
4
wn
o D y :
o U TSRITAI AACSEMRIARE NI SYSTEMF NATIONAL
oo~
D
s-§ -
© 3 .
2 =z Dalroy Sheet-
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- . Base Map
Figure 1-4
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} b % | i =z City Limits ... Limites de ville
1 a0 Y | Z Customs .. .-............ .. Douane
ia , /i PN . N Fossé
YIS i . ) '3286 1 H J — Dugout . .Abreuvorr
: J J V
Windmill 7 - L/‘ e rd ; \\J\ \Jz - DUmp ..o Dépotoir
) & - ! B e} 50. 3 Filteftion Plamt ... ... . Usine de filtration
T - Yi . Gas.........oooivii Gaz
l X 1 Golf Course...................... Terrain de golf
i JunkYard ..o Ferrailte
.7»‘\{ \ KN Four
g [ Lookout.... . Belvédbre
- _ Mine Waste ... . Déblai de mine
49 Oil Wells ... . Puits de pétrote - -
Park........... ... Parc
Rink................ .... Patinoire
Senior Citizens Home ........... Foyer deJ'dge d'or
SkiArea.............. ....Station de ski
String Bog..... .... fondritre a filaments’
Surveyed Line .. .... Ligne arpentée
Tank........... ... Réservoir
Water......... ...Eau
Tp 23 WinterRoad .................... Chemin d'hiver
. A
For a complete glossary see reverse side :
Pour un glossaire complet, voir au verso
50
ABBREVIATIONS  ABREVIATIONS
\ Aband ... Abandoned. ) I Abandonné, ée
... Cemetery... ... Cimetidre
- Coudty...... ..Q:g:te
Elevator. ... Mevateur
LFerry . .. Traversier
.. indian Reserve .... Réserve indicine
. Hospital .. ... Mpita. _
tot.......... . Lot
- Microwave ... ... Micro-ondes
Municipality. .. .... Munfcipalité
Post Oftice ... ... Bureau de poste
. Power House .................... Ceatrate électrigue
Royal Canadian Mounted Police .
Gendarmerie Royale Canadienne
N Res........ Reservoir........................
’ \ Trans Sta.. Transformer Station .. N
g wm. Tree Farm Licence...............
- TN
NG.
%
; 208" 22°53
1 orfou. | 4 ~ orfou
38Mils || 407 Mils>
;i' .
1
‘2 .
2l
I\ /& '
V4 *
. ’
Use diagram only to obtain-numerical values .
, APPROXIMATE MEAN DECLINATION 1978 i’ : "
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Use diagram only to obtain numerical values
APPROXIMATE MEAN DECLINATION 1978
FOR CENTRE OF MAP

Annual change decreasing 5.6’

Nutiliser le diagramme:que pour obtemir les valeurs numeériques
DECLINAISON MOYENNE APPROXIMATIVE .

! AU CENTRE DE LA CARTE EN 1978

Tp 23 ‘ Variation annuelle décroissante 5.6°

ONE THOUSAND METRE‘

UNIVERSAL TRANSVERSE MERCATOR GRID

ZONE 12 :

QUADRILLAGE. DE MILLE METRES
TRANSVERSE UNIVERSEL DE MERCATOR

GRID ZONE DESIGNATION: [ 100.000 M. SQUARE IDENTIFICATION
DESIGNATION DE IDENTIFICATION DU CARRE

LA ZONE - DE10B.O0O M.
DU QUADRILLAGE:

™]|uM
12U

N

ury g puppen)

EXAMPLE OF METHOD USED
- T0 GIVE A REFERENCE T0 NEAREST 100 METRES

EXEMPLE DE LA METHODE EMPLOYEE
POUR FIXER DES REPERES A 100 METRES PRES

o1

.

mn

98

¥

95 96 i 98 Ce

REFERENCE POINT
POINT DE ReptRe CTIURCH- EGLISE

{as above)
lci-dessus)

EASTING: Read number on grid fine ».

immediately to left of point:

LONGITUDE EST: Noter fe chiffre de la ligne
du quadrillage immédialement A gauche , fe . . N

R du repére: . ) - 97|

~ Estimate tenths of a square from .

. . this iine eastward to point:
/ [ stimer le nombre de dixiémes du carré

. | nire cette ligne el le repére en direction est: 23

97
"

o

o

NORTHING: Read number on grid line .
fmmediately below point: . \

LATITUDE NORD: Notar le chiffre de la ligne

du quadrillage immédiatement en-dessous

du repére: . 98

* Estimate tenths of a square from

this line northward to point:

Estimer 1& nombre de dixidmes du carré i

. entrecefte |igne et ie repére en direction nord: a1

- GRIDREFERENCE: 084"

REFERENCE AU QUADRILLAGE: ... . 975984
Nearest similar grid reference 100.000 metres (aboul 63 miles)
Laprochaine référence simitaire est 3 100,000 metres fepviron 63 mulles)

= BROWN NUMBERED TICKS INDICATE
v THE,1000 METRE U.T.M. GRID
R N ZONE 11 .
LES TRAITS NUMEROTES EN BRUN INDIQUENT
> LE QUADRILLAGE DE 1000 METRES U.T.M.
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EXAMPLE OF METHOD USED
10 GIVE A REFERENCE TO NEAREST 100 METRES (“ A
7 EXEMPLE DE LA METHODE EMPLOYEE .
POUR FIXER DES REPERES A 100 METRES PRES ™~ ~

|

Q9
99

e

2

-
v
‘
it

97 - 2 C ‘ ”

95, 96 97 98
/

REFERENCE POINT - : (as abave)
soNt peeptae  CHURCH EGUISE e gessy)

. EASTING: Read number on gnid line
immediately to leit of poimt:

_ LONGITUDE EST: Noter le chiffre de'la ligne
du quadritlage immédiatement a gauche
du repére: * 97

Estimate tenths of a square trom

ihis hine easiward to point:

Estimer e nombre de dixiémes du carré
entre cette ligne & le repére en directionest: ___|5
975

NORTHING: Read number on grid fine
immediately below point: ¢
LATITUDE NORD: Noter le chilfre de la ligne
du quadrillage immédiatement en-dessous
du repére: 4
Estimate {enths of a square from™
this line northward to point: .
Eatimer le nombre de dixibmes du carré
entre cette ligne ¢t te repire en direction nord: 14
GRID REFERENCE: < 84
REFERENCE AU QUADRILLAGE: 975984
Nearest simiiar gnd reference 100,000 metres {about 63 miles) - ‘&
La prochaie réfirence simitaire est 4 108,000 mitras (environ 63 mlles)

BROWN NUMBERED TICKS INDICATE
THE 1000 METRE U.TM. GRID
Z0ONE 11
LES TRAITS NUMEROTES EN BRUN INDIQUENT
LE QUADRILLAGE DE 1000 METRES U.TM.
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GLOSSARY  GLOSSAIRE

Arheld. .. Tertain d'aviation
- Arena . {’ Aréna
City Limits Limites de wille
Customs . . Douane
Ditch - . Fosse ¢
Bugout. ) : Abrewvorr '
Qump.... ... . . .... Depoton yw
f1ltratyon Plant . Usy\e de hitration
Gas... . o Gaz’ :
Go'f Course .. . " Terran de gof
junkYard ... ... . . feraille
“Kin .. . Four N
Lookout R . Belvedere
,—-Mm‘eWaste . Deblai de mine
Ol Wells . . .....Puils de pétrole .
Park . . L Pasc
Rink. ... . o Patinoire
Senior Citizens Home ..~ .. .. Foyer de 'age d'or
SkiArea . ... .. ... .. Stationdesk
String Bog.. .......... . ... Fondnbre & filaments
Surveyed Line .o E;gnc Arpentee
Tank:.... .. =& . Reservoir .
water. ... o~ . fau . b \
Winter Road e -. Chemin d'hiver

For a complete glossary see reverse stde
Pour un glossaire complet. voir au verso Y

.

ABBREVIATIONS  ABREVIATIONS

&
Aband ... Abandoned ... ......... ... Abandonne.ée
¢ ... Cemetery. ... . e Cimetrere
€0...0 ... County. .. . ... ... . Comte
. € Bevator L Hlevatewr
Fy .........Ferry e lr . Traversier
47 — IR.. ... IndianReserve , . ........ Réserveindienne
T WL Hospttal e . ... Hopital
A U ’“‘.’L lot... "2 Lt
[ — - . ?‘ Micro...... Microwawe .. ... .. .~ Micro-ondes
N\ Y N ~ Mun....... Municipality...... ... Monicipalite .
\[ ~ P Post Office .........., Bureau de poste A
I 46 PH-. ... PowerHouse ... ... ... Centraleélectnque
3 ‘ | RCMP ... Royal Canadian Mounted Police
. It i~ + Gendarmene Royate Canadienne
! h : Res....... Resevor ... .. . ... Réservorr
Trans Sta.. Transformer Statton .-... ... . Poste de transformateurs
TR TveeFalr‘,lcence vy -o-e- ... Licence de sylviculture
Y
.
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Mge diagran only to obtain numerical values ".
APPROXIMATE MEAN DECLINATION 1978 # - | .
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Use diagram only to obtain numerical values
APPROXIMATE MEAN DECLINATION 1978
FOR GENTRE OF MAP
Annual change decreasing 5.5°
N'utiliser le diagramme gue pour oblenic les valeurs numériques
DECLINAISON MOYENNE APPROXIMATIVE
AU CENTRE DE LA CARTE EN 1978
Variation annuelle décroissante 5.5°

ONE THOUSAND METRE
UMVERSAL TRANSVERSE MERCATOR GRID

ONE 11

" QUADRILLAGE DE MILLE METRES
;TRANS\‘IERSE UNIVERSEL DE MERCATOR

~

. | GRID ZONE DESIGNATION: | 100.000 M. SQUARE IDENTIFICATION
DESIGNATION DE * IDENTIFICATION DU CARRE
LA ZONE - . , DEI00,000 M.
DU QUADRILLAGE: e
N PG QG
1Y
.
EXAMPLE OF METHOD USED
70 GIVE A REFERENCE TO NEAREST 100 METRES
EXEMPLE DE LA METHODE EMPLOYEE ' .
POUR FIXER DES REPERES A 100 METRES PRES
e 99 - L
llul!r;l? . ‘\,"'1}_. =,
98 S
. R
. B A . L]
" 97 - Lo

w85 96 97 9%

{as above).

REFERENCE POINT y L
: CHURCH - EGLISE (1. fassus)

" POINT DE REPERE

, .EASTING: Read number or grid line .

immediately to left of poict:

LONGITUDE EST: Noter le chiffre de Ja ligne )
du quadrillage nmmédmemen! ) puchc e .
du repére: : 97| .
£stimate tenths of a square from :
this line eastward to point: ~
Estimer le nombre de dixiémes du carré .
entre cette ligne et ie repdre ef directionest: __|S_

. ; -y

NORTHING: Raad number on grid line
immediately below point:

LATITUDE NORD: Noter e chiffre de ia llzne
du quadrillage immédiatement en-dessous
du repre: i

“Estimate tenths of a square from-

this fine northward to point: .

Estimer ie nombre de dixidmes du carré '

entre cette lign of le repdre an ¢ dinmon notd: ’
CRIGREFERERCE _§'BLT

REFERENCE AU uumuw;: ) 975984

Nearust simites glid reference 160,000 metras (sbout 63 miles)

1 Laprochaine référence ssmitaire st 2 100,000 mitres (environ 63 milles)

 BROWN NUMBERED TicKs mmcne
" THE 1000 METRE U.T.M. GRID
! ZONE 12 -

- LES TRAITS NUMEROTES EN BRUN INDIQUENT

LE QUADRILLAGE DE 1000 utmss U.TM.
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| LONGITUDE EST: Noter le chiffre de fa ligne

", 'GRID REFERENCE: )

EXAMPLE OF METHOD USED
70 GIVEA REFERENCE TO NEAREST 100 METRES
EXEMPLE DE LA METHODE EMPLOYEE -
POUR FIXER DES REPERES A 100 METRES PRES

99} |

L

98}~

Toranign

97

95 96 97 98

(as above)
(ci-dessus)

REFERENCE POINT
POINT DE REPERE

EASTING: Read number on grid line
immediately to left of point:

CHURCH - EGLISE

du quadrillage immédiatement & gauche
du repére: 97
. Estimate tenths of 2 square from _
this line eastward to pont: .
Estimer le nombre’de dixiémes du carré
entre cette ligne et le sepdre en directionest: __ |5
. 975,

NORTHING: Read number or grid line
immediately below point: .

LATITUDE NORD: Noter le chiffre de 12 ligne
dy quadrillage immédiatement en-dessous
du repire:
Estimate tenths of a square lgm

_ thig line northward to point:
Estimer le nombire de dixidmes du carré
antre'cette ligne of te repére en direction nord: 98: ’

REFERENCE AU QUADRILLAGE: 975984 o .

“~Nearest similar grid reference 100.000 metres (about 63 miles} -
La prochaine rétérence similaire et & 100,000 métres (envirdh 63 milles)

CTION DES LEVES ET DE LA CARTOGRARHIE, .
MIN! € DE DENERGIE, DES MINES ET DES RESSOURCES.

. . b

,. BROWN NUMBERED TICKS INDICATE . "
*" THE 1000 METRE U.T.M. GRID
ZONE I2 v ‘
LES TRAITS NUMEROTES EN BRUN INDIQUENT .
LE QUADRILLAGE DE 1000 METRES U.T.M.

- Priddis Sheet
. Base Map
- ~Figure 1-6
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