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Abstract
An interpretation of the late Quate_rnary formation and evolution of the landforms within a
hummocky noraine tractis the b’gsis of this thesis. The research focuses on an area now
occupied by Elk Island National Park in the northern portion of the Cooking Lake moraine,

central Alberta. The characteristics of the study area are considered within the context of

. relevant geomorphologirc and climatic interpretations for central Alberta. These are also

used in the formulation of a geochronologio model applicable to development of the study
area landforms and sediments. |

The major tandforming proceéses of tHis hummocky moraine tract were generally
governed by the chaotic disintegration of an 1solated mass of stagnant, glacier ice.

Accordingly, complex associations of landforms and deposits characterize the study area

Sedimentation and resedimentation mostly occurred in a dynamic superglacial environment

The formation of the morainic landforms was predominantly by a /et-down mechanism.
Sumply a primary, unequal debris distribution on the glacier surface allowed depressions

to become collection zones for sediments transported by mass movement and water. As

the buried and supporting ice meited out the sediments were deposited and the relief was

inverted. The accumulated diamictons and lacustrine sediments of the former

depressional areas now comprise the bulk of the landforms. The sedimentary sequences

observed within these Iandf‘orms_ are used primarily to explain the sequence of mass

movement {diamicton flows) and pond sedimentation events which infilled the depressions.

" The shape of the original depressuon and the conflguratnon of the ice core dictated which

of the three main morainic landform types would result (ie. hummocks — circular
depressions, uniformly-sh'aped ice core; prairie/nounds - circular depressions,
|rregu|ar shaped ice core ridges — elongate depressnons)

The glaciofluvial/glaciolacustrine landforms were also formed in jce-contact

sntuatlons This is verified by morphological, sedimentologic and structural observat|ons

which indicate sedimentation was over or within glacier ice. For example, the

_ glamofIuvnal/glaCIolacustrune zones are often pitted. In addition, the sediments often

_contain allochthonous diamicton bodies and secondary structures (e. g. faults).

Finally, a geochronology is outlined for the study area which fits well with the

established interpretations of the major late Quaternary events of central-Alberta. The



\

;
main geomorphologic and climatic—change events are traced from the retreat of the last
Laurentide ice sheet through to the present. Radiocarbon dating on mollusc shells
(extracted from superglacial lacustrine sediments within the central core of some

hummocks) indicates that the most significant landform development must have taken

.place between circa 11,000 years BP. and c/rca 9,000 years BP Therefore. it can now

be confidently interpreted that buried stagnant ice remained within the study area long
after the retreating Laurentide ice sheet front lay far to the north and east of the
Edmonton area From circa 9.000 years B.P. to the present more subtie evolution of the
landscape took place During this per|od came the deposition of a thin, dnscontunuous
aeolian mantle. Lake hydrology and vegetation Q{JCCGSSIOH were also affected by chimatic
variations of temperature and precipitation during and after the Altithermal interval of

mid-Holocene time.

v
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1. INTRODUCTION
Research for this thesis was carried out in Elk Island National Park and in areas immediately
peripheral to the park béundarles. Elk Island National Park has its origins dating back to the
turn of the century when it was established by the federal government as the first mammal
sanctuary in Canada At that time elk were rapidly being destroyed and faced regional
extirpation. Since lts inception the park has grown in size from 4.4 1 0 hectares to the
- present 19,680 hectares However, the development of the park as a wildlife sanctuary
and recreation area has progressed much more quickly than has research into the glacial
\_environment from which it derived the unique physical characteristics. A detailed
'\\\ geomorphological study, including an interpretation of the probable Quaternary evolution

of this area. is a logical starting point from which other natural science studies may extend.

A\
\

1.1 étu stives
The objectives of this study are to;

a’ genetically cIassufy and map the distribution of surfuc:al dep05|ts and landforms
within the study area,

b. critically evaluate existing theories pertaining to the origin and formation of
glacially derived landform—sediment associations. The geomorphic processes
which will most satisfactorily explain the genesis of such features in the study
aréa will be defined and discussed. and

c. outline an explanatory model of the late Pleistocene\andlelocene landform

evolution in the area. '

1..2 The Study Area
Elk Island National Park is situated in the north—eastern sector of the Cooking Lake

moraine complex.- The undulating topography of the park forms a forested /s/and rising

30 to 60 metres above the gene}al level of the surrounding countr‘\( with comparatively

\ \
: ¥
| . \

small local relief (Figure 1.1).

!
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1.2.1 Physiography |
The study area consists of an oval—shaped tract bof hummocky morair;e overlying a'l

_bedrock h/gh Thus, much of the study area exhlblts topograph|c features characteristic
of glacier stagnatnon and subsequent disintegration. The knob and kett/e topography, wuth
closely spaced hummocks separated by nearly - C|rcu|ar to \urregular mar shy depress|ons
morainic ridges and prairie mounds, serves to accentuate the upland nature of the area. A
- salient feature ofh the topography is the abundance of wateri\'filfed depressions. ‘Astotin,
Oster, Tawayik, Lower Tawayik and Flyingshot Lakes are somé\\df the larger systems while
numerous small lakes occupy kettles and portions of:r'elict chaﬁnels The study.areais
almost devoid of permanent streams or major stream valleys. Elevations within the park
_are mainly between 710 and 740 metres. with the highest poinlt‘ at 760 metres and lowest

point at 704 metres above sea level. Local relief rarely exceeds 15 metres.

1.2.2 Climate

According to the Koppen system of climatic classification (Longley, 1972) the area’s
climate is microthermal with long qool summers (summers with a mean temperature of the
warmest month below 22° C and at least four months with mean temperatures of 10°C or
more). The mean annual range in temperature is 32° C. January is the coldest month with
mean monthly temperature of .about —14° C while July is the warmest with an average
temberature of 17°C (Stein, 1976). The long—term mean annual precipitation is about 450
mm. Approximately 70 percent of this falls as rain, mainly during the period April to

August (Stein, 1976).

1.2.3 Vegetation
The study area, as part of the Beaver Hills, is classified in the Mixedwood category

of the Boreal Aspen Forest Region (Rowe, 1972). The sc. al vegetation of this outlier,

characterized by forest vegetation which is normally disurib. ~orth~central Alberta, is
dominated by aspen poplar { Populus tremu/oides ) and bzlsar “{ P. balsamifera)on
the high ground (Techman Ltd., I879). Admixtures of whitz birc. ‘a papyrifera),

white spruce ( Picea g/auca ), black spruce ( P. mariana) and .inc Clerix laricina) e -

also prevalent where site conditions are suitable (Techman Ltd., 1€ - 08, Lorticularly



around the profusion of lakes and ponds, are well represented by dense stands of willow
(Sa/ix spp.) and alder ( A/nus crispa). The bog vegetation includes various combinations
of Labrador tea { Ledum groenlandicum ), low cranberry ( Vaccinium spp.) and cloudberry
'Jb( R. chamaemorus ). Details of the vegetation of Elk Island National Park may be found ina

report prepared by Techman Limited (I979).

1.2.4 Soils
Soil genesis will reflect the interaction of, and local variations in, the basic soil

v forming factors. Crown (1977) suggested that differencé_s in parent material, topography,
aspect and drainage, as well as temporal changes in climate and vegetation have i%fluenced
soil development in the study area. The dominant soils ofVEIk Island National Park are
Orthic Gray Luvisols (Figure 1.2) which have developed on the fine—grained till or loess
deposits, under stands of aspen poplar (Crow'n, 1977). A strongly developed Bt horizon
and leached acidic Ae horizon characterize this group. Other members of the Luvisolic |
Order are present, with Dark Gray Luvisols having formed primarily on lower relief,
glaciolacustrine deposits. Occurrences of Bruniédlic Order soils are confined to areas of
deep sand deposits. Here, the low clay cont'en‘t of the pareht material allows good
development of the Ae horizon, with poor de;/élopment of the Bt horizon. Solenetzic
soils (Figure '1.2) are an isolated occurrence , found only at the Soap Holes (56°36'30" N
112048'15" W). Situated in a groundwater discharge zone this area is permanently
saturated. -Salt prec‘ipitates result from thé evaporatién of the mineralized, discharging

groundwater (Doherty, 1874)..

1.3 General Geologic History

The present landscape is a cumulative product of geologic processeé that
operated during preglacial, glacial and postglacial times (Westgate et a/., 1976). The major .
geologic elements for the Edmonton district . and the study area specifically, are

. generalized as follows.



/
Figure 1.2 Generalized soil map, Elk Island National Park

(alter Crown, 1977)
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1.3.1 Preglacial

Bedrock Geology: -

The bedrock of the study area (Figure 1.3)"}'3 mainly of Upper Cretaceous age
(Carlson, 1967; Green, 1972). Composed of three weakly lithified sedimentary
formations, it has a regional northwest-southeast strike and a shallow dip ot only a few
metres per kilometre to the southwest. The older strata of this sedimentary sequence are
rocks of.the Belly River Formation. These are composed of gray sandstones, clayey
siltstones and mudstones with local ironstone beds. This formation is overlain by the
marine and non—marine shales and clay-rich sandstones of the Bearoaw Formation. The
yoongest unit, the Edmonton Formation, accumulated in a hon—marine environment and
consists of bentonitic shales with lenticular sandstone layers and.coal beds.

There is only one outcrop of bedrock within the study area (53044'36" N
112¢48'05" W) but this-is outside the humrnocky moraine limits. However, within the
Cooklng Lake moraine numerous outcrops of Cretaceous bedrock are found just north of
Cooking Lake (Sectnons 3 8,9,10,15.16; Tp 52 Rg 21) Once thought to be in situ, and
related to the Edmonton Fprmat'on these are now known to be exposures of huge |
bedrock erratics which have been transported approximately 350 kilometres from the.
north—northeast. Microfloral analyses, carried out by C. Singh of the Alberta Research
Councnl on samples collected from these exposures, indicated erratics—derivation from
~ the Grand Rapids Formation, the nearest outcrop of which is in the Fort McMurray area |

(Westgate et a/., 18976).

In Alberta, fluvial erosion of Tertiary, and possibly early Pleistocene age, was
mainly responsible for the bedrock surface now masked by Quaternary deposits (Carlson,
1967) Preglacial topographic h"/'g-hs‘%ften coincide with contemporary uplands
(Westgate 1969). This appears to the case for at ieast the northern portlon of Elk Island
National Park. Near the northeastern corner of the park the contact between the
Edmonton and Bearpaw Formations occurs. This is expressed by a distinctive escarpment

trending northwest—southeast (Figure 1.4).




Figure 1.3 Bedrock Geology
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The bedrock tepegraphy and preglacial drainage of the study area are generalized
in Figure 1.5. Information on which this tentative map is based was acquired from three
sources. R. Stein (personal communication 198 1) provided a preliminary bedrock
topography map for NTS 83 HNE. (scale 1:125,000). Because subsurface information
was scant for Elk Island National Park, this was supplemented by data obtained from old
water—wall drilling reports {International Water Supply Ltd.. 196 1)'and the author's own

; /

.drilling programme. This map is only an approximation because more data would nermally

be required to accurately portray the bedrock surface.

Saskatchewan Gravels and Sands:

Alluvial gravels and sands of Cordilleran provenance, and preglaeial 2, are partly
preserved as high-level upland caps . intermediate—level térrace sediments and low—level
'channel fill deposits wuthm preglacial valleys of Alberta ’Ij’hese are varnously referred to
as Saskatchewan gravels and sands (Warren, 1954; Stalkér\ 1968; Kathol and McPherson,
1975), Saskatchewan Sands .and Gravels (Bayrock and Hughes, 1962) and Saskatchewan
Gravels (‘Westgate, 1969; Westgateét_ al., 1976). ‘The cap dleposits ‘are probably‘of Late
Tertiary age (Westgate, 19683; Kathol and Mébherson, 1975) whereas the deposits within the
preglacial valleys are more likely to be of Quaternary age. These preglacial sediments are
composed mainly of quartzites and black cnert with mindr amounts of arkose, petrified
wood, coal and clay ironstone (Kathol! and McPherspn, 1975). As such they are easily

. differentiated from younger, glaciofluvial and alluvial deposits which contain

reincdrporated igneous and rnetamorphic rocks of Canadian Shield provenance:

1.3.2 Glacial

The landform assemblages displayed within the study area and its surroundings are
largefy the product of the Laurentide ice sheet. Within the Edmdnton district the
sedlr/nentary characteristics and stratlgraphy of the Plelstoc ne deposits have been
'documented durmg the last three decades (e.g. Warren 1954 Bayrock and Hughes,
1962; Bayrock and Berg 1966; Rains, 1969 Westgate, 1969; Kathol and McPherson
1975; Westgate et al., 1976; Emerson, 1977; May and Thomson, 1978; Shaw, 1982).

Interpretation of the stratigraphic succession has undergone many changes as dif ferent

]
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|
workers found new and partly conflicting information  In general, the succession has
included till units resting upén bedrock or preglacial gravels and sands. The tills are often
overlain by lacustrine sediments. .Y‘The first, _detailed,ﬂlocal nﬁaps on the distribution of ’
Quaternary landforms and deposits were cgmpleted by Bayrock and Hughes (1962} The
most recent map of the surficial geology for the Edmonton district INTS 83H) was

completed by the Alberta Research Council (Bayrock, 1972).

Tills:

Despite numerous field and laboratory investigations of the local tills and
stratigraphié units, the question regarding the number of distinct episodes of glacial
activity remains unresolved | Warren (1954) and Westgate {1969) described Tofield Sands,
stratified quartzose sands up to 13 metres thick, in places separating twd tills, a lower
greyish till and an upper browb till. Bayrock and Hughes (1962) and Bayrock and Berg
{1966) confirmed the till colour differe.ncé but attributed this to the oxidation of the upper
3 to 9 metres of till. They suggested that the boundary between oxidized and
non—oxidized till was not reiated to ai c¢*‘ange in cc'mpositibn Bayrock and Berg {1966). in
an analysis of drill-hole and/well—lo‘g records, noted the common occurrences of sands in
the till, but in fchicknes\g,g/s/u’sually less than 0.3 metres. They suggested that these were
' sand Ienées representiﬁg "minor wasﬁiin'g of glacial debris by running water” (Bayrock and
Berg. 1966, p.9). Kathol and McPHerson (1975, p.32), in agreement with Bayrock and
Hughes (1962) 2~ sBay . " = d Berg (1966). stated ".. till deposits are considered a single
unit which often . in fer: s of glaciofluvial sediments”. May and Thomson (1978) aiso
suggested that the frequent occurrence of sands intercalated with till represented /n situ
syndeposition, or proglacial deposition and associated burial by flow till. Shaw (1982) for
the Hugget: section, interpreted the sands between the two tills to be glaciofluvial since
theyashowed sedimentafy; structures produced by relatively strong currents. These
intervening sands could represent outwash deposited during the retreat of ice of the first
advance or during the second advance, or both (Shaw, 1982). The discontinuous nature of
the so—called Tofield Sands has led to some confusion. Asis presented above, some
authors have attributed sand units to nﬁelt—ou;( bf a single till \;vhereas others have

interpreted them as separating two tills.



' Analyses of the mechanical composition of the different coloured till units in the
Edmonton area have shown that the lower unit conS|stentIy has a higher clay content than
the upper unit (Table 1.1). In addition, the structures of these tills often differ dramatucally

. The upper: till tends to be dense and massive with good columnar joint structure but poor
secondary fracturmg Conversely. the lower clay-rich till often possesses a hlghly

-

fractured biocky structure {Rains, 1969; Westgate et a/ 1976).

In the Cooking Lajke moraine two tills have been differentiated on the basis of
colour and structure (Emerson, 1977). Of interest are the stratigraphic occurrences and
clay mineralogy of the so~called pin}< unit, a weathered horizon of the lower till
(Westgate et al. 1976, Emerson 1977). This pink unit is occasionally preserved as
lenses in the upper till, p055|bly lndncatmg incorporation during a second phase of glacial’

. activity (Emerson. 1977)

However, the differentiation of the two tills is further complicated when the
regnonal ice flow direction, for each of the two presumed episodes, is reconstructed. A
northeast— southwest flow direction for the last episode of glac1al activity has been
interpreted from indicators such as till fabric analyses (Rains, 1967, 1969; Westgate,
1969; Ramsden, 1870; Ramsden and Westgate, 197 1; Westgate et a/., 1976; Shaw,
1982), sole markings (Westgate, 1968, 1963; Westgate et al., i976; Shaw, 1982; Welch,
1983), plus the Aalignment of nearby streamlined landforms (Gravenor and Meneley, [958;
Gravenor and Bayrcﬁck£ 196 1; Bayrock anc  z7es, 1962; Bayrock and Berg, 1966;
Westgate, 1968, 1969 Bayrock, 1872; Westgate et a/., 1976). Figure 1.6 illustrates

much of this evidence.

.The regional ice flow direction for the first glacial episode is speculative. Till
fabric anaI;/ses of the lower till unit at se‘lected Ioeefions within the Edmonton area have
yielded conflicting results (Figure 1.7). Rains (1967) found an east—west alignment of till
pebbles at one location but a well defined northeast—southwest preferred orientation in
the Whitemud Creek valley area (Rains, 1969). Westgate et a/., (1I876), although not
confident that both till units were represented, stated that colour dif ferences suggested

two till units were exposed at the Big Bend section on the north bank of the North
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Saskatchewan River in Edmonton. Till fabric analyses from five sites in vertical succession
at the section all revealed a northeast-southwest direction (Table 1.2). Westgate (1969),
Ramsden (1970), Ramsden and Westgate (197 1) and Shaw (1982)generally noted a

" horthwest—southeast preferred orientation of coarse clasts within the lower till.

These conflicting till fabric results are not surpﬁsing when the wide variability of
factors which influénce pebble orientatiohl in till are considered. Preferred coarse clast
alignment may reflect ice flow direction in a /oose statistical sense ohly. Confidence in till
fabric ana'ysis is increased with the knowledge of the type of till, and thereby the
processes which led to its deposition. However, for the Edmontbn‘area little is known
_about the till types represented Only Shaw (1982) defined the till types in which he

" measured the coarse clast orientations. Further, both parallel and transverse till fabrics
have been noted for lodgament and melt—out tills elsewhere. Pebble alignment in f/ow till
usually reflects the direction of debris fiow which is often indepehdent of ice flow

direction.

The preglacial topography also may have influenced local ice flow directions
and/or till depositional processes. In the Edmonton area many of the contemporary river
and stream channels follow, for at least part of their length, the preglacial valiey thalwegs.
It is from exposures in these contemporary fluvial valleys that most of the till fabric‘s. have
been taken. For example, Ramsden (1970) collected till fabric information at several

ah |ocati.ons along the contemporary North Saskatchewan River valley. Althoug'h the river has
“cut a new postglacial valley along this reach, the local respbnse of fhe Laurentide ice sheet
to the large preglacial Beverly Valley, just to the north, is unknown. Ramsden (1970)
suggested that, particularly at two locations (A and C, Figure 1.7), the ice flow was

probably altered by such preglacial valleys.

Another complication is that the pebble fabric of the lower till may have been
altered by later overriding ice at several locations. Ramsden (1870, p. 145) suggested that
dif ferentiation of primary fabrics and those which may have undergone reorientation was

the "biggest problem in interpreting lower till fabrics in the Edmonton area”.
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Another problem is that often the differentiation of upper and /owe;/ tills is
ambiguous. The till fabrics depicted in Figures 1.6 and 1.7 are taken directly from each of
the cited works and therefore refleqt each investigator's recognition of the two tills.
Given the tremendous problems of field differentiation between the upper and /ower tilis,
it is reasonable to suggest that in some cases fabrics were measured in an incorrectly

identified till.
4

~ Finally, the .ic; sheet, or a lobe of it, may indeed have advanced into the area from
the r%orthwest (Dyke et al., 1982). Considering that the preglacial drainage gradient was to
the northeast, the ice sheet would have had to continually ¢//mb this while it advanced into
western Canada. A possible alternative to the presumed northeast—southwest flow
\diréction is that the ice sheet accumulated in the central region of Keewatin, then flowed
more or less west, finally advancing southward into central Alberta. Additional, although
debatable, evidence for this northwest—’southeast flow direction possibility is available.
During a recent driling programme by the Alberta Research Council just east of Holden,
+ Alberta, an erratic block of oil sands, resting directly on bedrock ~nd overlain by till, was
encountered in'a lovv ridge. Subsequent analyses of the mineral content indicated

derivation of this erratic from the Wabasca Oil Sands which are only known to outcrop

NNW of the drilling site (Andriashek, personal Jommunication, 1982).

The regional evidence, although inconclusive, favours the existence of at least two
distinct Pleistocene tills at some localities within the Edmonton area. The two tilis are here
assumed to represent two episodes of glacial activity, not necessarily of full glaciation

extent.

Glaciolacustrine Sediments:

In the Edmonton district widespread glaciolacustrine sediments occur at or near
‘the surface (Bayrock, 1972). As the present drainage direction in much of Albertais
northeasterly, the last ice sh;aet retreated in this same direction (Bayrock and Hughes,
1962). The physiography, and mode of ice sheet recession, therefore were conducive to
the formation of proglacial lakes which were imp'ounded in front of the Laurentide ice

sheet margin. Retreat of the ice sheet allowed these lakes to drain episodically (Bayrock

~
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and Hughes, 1962). The sequence of formation and drainage of these proglacial lakes in
Alberta and Saskatchewan has been well documented by St. Onge (1972 1980) and

Christiansen (1979).

: &
One of these proglacial lakes is here referred to as Glacial Lake Edmonton. Some

problem has arisen in terminology for this major proglacial lake because at least two

wF

stages have been recognized. Hughes (1958} and Bayrock and Hughes (1962} included
both stages as Glacial Lake; Edmonton. The first stage started when the wasting
continental ice had receded far enough to permit deposition of the lowermost lacustrine
matérials in the area At this stage the glacial margin to the east and north, and the higher.
land to the west and south, confined the lake. Although most land covered by Glacial Lake
Edmonton was probably completely deglaciated és the lake beqame‘estqblished, some
peripheral portions of the lake probably transgressed over buried ice (Bayrock and
Hughes, 1962). Deltas were built into this lake at a number of locations around the ice
edge. Because much of this deltaic sedimentation took place over or around ice, many of
the relict delta surfaces are nov;/ pitted (Bayrock and Hughes, 1962). As the lake level rose
the basin cf Glacial Lake Edmonton filled until an outlet was found. Most of the lake water
was éventually drained southeast to the Battle River systerﬁ via the Gwynne Qutlet (Hughes,
1958; Bayrock and Hughes, 1962). Hughes {1958} suggested that as water escaped the
outlet floor was delepened from an. glevation of approximately 2425 feet (739 metres) to

2265 feet (690 metres).

The second stage of Glacial Lake Edmonton thus began and continued until further
wasting of the ice to the northeast permitted completé drainage by the North
Saskatchewan River. St Onge (1972) renamed these stages as, first, Glacial Lake Leduc

and second, Glacial Lake St. Albert.

As the Laurentide ice sheet retreated further, the lower land near Bruderheim was
inundated by meltwater. Glacial Lake Bruderheim (St Onge, 1972) was bounded to the
north and east by the ice mass and, to the south, by stagﬁant ice and debris in the preseht
study area. The watér and sediment supplied to the lake were largely from Laurentide
drainage, but also from the northeastward flowing North Saskatchewan River which
constructed a lower delta into the lake. The elevation of Glacial Lake Bruderheim was

\

\
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estimated to be between 2150 feet (655 metres) and 2075 feet (632 metres). Eventually,
this lake' was emptied southeastward via the Vermilion River Channel (St. Onge, 1972;

Christiansen, 1979). - ‘ —

IO

IE

PG LN

S -

The radiocarbon ages of the glacial lake sediments have not been e‘stab!ished. Only
from relative and regional extrapolation can est/mates be placed on the time period in
which Glacial Lake Edmonton and Glacial Lake Bruderheim existed. Christiansen (1979)
proposed a deglaciation chronology for Saskatchewan. Althoﬁgh he made no attempt to
extrapolate his wPrk far into Alberta it was later suggested by St Onge (1980) that at
least four of Christiansén's (1979) phases were completely contiguous with those of his

P

earlier work (St” Onge, 1972). Therefore, Christiansen's phase 4 (14,000 yrs. BP), phase

' 5(12,500 yrs. B.P.)and phase 6 (12,000 yrs. BP)are considered to be approximately

time-synchronous with phase 4 (Glacial Lake Leduc), phase 5 (Glacial Lake St Albert) and

phase 6 (Glacial Lake Bruderheim), respectively, from the work of St. Onge (1872},

1.3.3 Postgilacial

The interpretafion of postglacial pélaeoenvironments in Alberta has been made by a
number of researchers. The techniques employed include polien analysis (l—llansen,b 1949;
Lichti-Federovich, 1370: Ritchie, 1976; Emerson, 1877; Forbes aﬁd Hickman, 1978,
1981; Hickmén et é/., 1978; Hickman and K‘lafer, 1881; échweger et al., 1881; Vance et

al., 1983), tephrachronology (Westgate et a/., 1976; Waters, 1979), paleosol

“-identification (Waters, 1978), radiocarbon dating of freshwater moliuscs and analysis of

their climatic preferences (Harris and Pip, 1973; Emerson, 1883) plus oxygen isotope
studie's of moliuscs (Fritz and Krouse, 1973; Emerson, 1977). The resuits of these studies
suggest ‘that a relatively warm and dry climate existed in Alberta from appro;imately of
8,500 to 6,600 yrs. BP {(Waters, 1979). This peribd is known as the Altithermal interval- -
qabTe:/ 13

. Shells extracted from superglacial lake sediments radiof:arbon dated at 10,880
+155 yrs. BP [I-8484] and 9,050 +150 yrs. BP [1-4552] (Emerson, 1877). Oxygen

isotope analyses on these shell samples and others extracted from Wabamun Lake

segir'nents (Fritz and Krouse, 1973} indicate a period of high evaporation, possibly the
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result of a drier climate. A second peak in O" values occurred between 8,500 and 6,500
yr%. BP (Fritz and Krouse, 1973). This second peak fits more clgsely with the Altithermal
intervat {Table 1.3). The deposition of Mazama Ash (“c/rca 6.600 yrs. BP) appears to

roughly coinbide with the end of the:Altithermal interval. At this time grassiands began to

be partially displaced by boreal forest vegetation.

Various basal dates from lake sediment cores (Figure 1.8; Table 1.4) indicate that at
least some central Alberta lakes oc;upied their present basins between about 7,380 +245
yrs. BP [I-7154] énd 3.870 +170 yrs. BP [DIC-627] (Watei’s, 1979). Itis quite possible
that even some of the larger lakes of the study area came into existence as late as 6,000

yrs. BP (C. Schweger, personal communication, 1981},

Partly as a'result of wind erosion of former glaciolacustrir'\e deposits a variable
thickness of fine—grained aeolian sands and silts mantles parts of the study area (Figures
1.9 and 1.10). Emerson (1977) used a scanning electron microscope to study the surface
texture of fine sand grains sampled within Elk Island Nafiona'l Park‘. The grains appeared to
be much smoother than those tran'spg\rted by water and were classified as aeolian.
Following the drainage of local proglacial lakes, and tﬁe termination of \glacial outwash,
winds were presented with substantial sources of 'previously sorted, poorly stabilized,
fine sediments. Deposition in the~ form of dunes and thin loess sheets ensued. The

orientation of longitudinal and parabolic dunes led Odynsky\(l9§8) to state that the
effective wind direction, during their formation, must have been‘fro‘m the northwes;t in the
Edmonton area. Westgate (1965/3) maintained that dunes hear Duffield, west of Edmonton,
were formed in two distinct phases sepafafed by a stable period when soil dével\oped. A
Mazama Ash marker bed ( circa 6,600 yrs. BP) was identified from one of the palesols.
Therefore the first phase of dune formation must have begun after thé drainage of Glacﬁl‘ .

. - Lake Edmonton and probably extended into the Altithermal interval. The age of the second

phase of dune formation is unknown.

Emerson (1977) noted that at some locations in the s{\udy area aeolian sands were

mixed with alluvial sands in superglacial lacustrine complexes~ This observation, and the
presence of loess mantling the hummocks in which these Iam\strine sediments were

found, indicates that aeolian deposition started prior to the removal of buried ice and,
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Figure 1.9 A veneer of agolian deposits resting directly on

till in the study area (refer to Figure 1.10 for

site location)
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Figure 110 The distribution of aeolian sediments, Elk Islkand National Park

(after Crown, 1977)
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continued after the final configurations of the landforms were established. The period of
joess deposition could possiblyy have extended to the endof the Altithermal interval, |

although no fixed date can be firmly established’



2. GLACIGENIC SEDIMENT PROPERTIES, THEIR FIELD RECOGNITION AND
DESCRIPTION '

2.1 |ntroduction.
Field investigations in geomorphology are largely founded upon observation and
inference. Only attributes which are surficial can be observed, all else must be inferred.
Inferences are made by interpreting combinations of the visible properties. In this chapter
attributes which are diagnostic of selected, relevant deposits are reviewed. Finally the
descriptive methods usei:l to invéstigate these diagnostic attributes are discussed at some

length.

Sites were selected for fiéld.investigation and sampling laboratory analyses based
on aerial photograph interpretation and a reconnaissance of the field area. These sites
were selected on the basis of their accessibility; or their representation of prob/em areas
or typical terrain (displaying widespread topographic qualities). Exposures aiong road cuts
and in other man—made excavations provided most information on the the surficial
deposits. However, where good sections were lacking, or where existing sections were
not sufficiently deep, sample sites were excavated by a backhoe whereas others were

k3

drilled. -

2.1.1 Preliminary Aerial Photograph Interpretation

Aerial photograph interpretation was of primary importance in the study of
landform associations within the field area. Preliminary ideas were recorded when these'
iaridform assemblages were viewed at various scales of photbgraphy. Often landforms
which are not easily recognized on the ground are well portrayed on aerial photographs
and their shapes, limits and associations with the surrounding landscape may be

distinguished. Vegetation patterns are well displayed on the aerial photographs and, in

turn, these offer clues as to the nature of the underiying surficial materials.

Numerous types and scales of aerial photographs were available for Elk Island
National Park and the surrounding area. Parks Canada provided true colour photographs at

a scale of 1:15,84(_) while various scales of black and white panchromatic images were

28



29

also available The aerial photographs were viewed in the laboratory and the interpreted
information was traced onto acetate overlays. A composite of these overlays was set up
to produce an uncontrolled mosaic of t.c study area [n this manner a preliminary map of

the surficial geology and landform associations was produced

2.1.2 Drilling

Two drilling programmes were undertaken within the study area In the first a large
Bratt- 22 rotary drill rig, under contract from Canadian Geological Drilling. was used. A
portable M/nuternan auger obtained from the Northern Forest Research Station,
Edmonton, was\employed in the second programme. Although the capabilities and
limitations of the two rigs dif fered greatly the dry—auger drilling and sample coliection

procedures were essentially the same for both.

A

Once the rigs were positioned hollow augers were affixed. Si’x'inch diameter, five
foot length augers were used for the large rig whereas the portable rig required three inch
diameter, three foot augers. Break points provided markers for drilling depth. One auger
length was dri‘ven into the fresh overburden at a time. Once the full depth of this auger
was inserted it was immediately pulled out for analysis of the core. The surface debris on -
the sampling auger was first removed. This was essential to ensure fhat the fresh sample
was not contamiﬁated v;/ith material scraped from the sides of the hole as the ahgers waere
removed. Working down from the top of the auger the new sampie was described
according to its colour, weathering (unoxidized/oxidized). matrix texture (ternary systemi,
moisture content (wet/dry), degree of consolidation ([compact/friable), bedding character

arent/not apparent), plus pebbie content and their lithologies. At one metre intervals
selected samples were peeled off the auger, trimmed, packaged in labelled p&ythene
bags. an‘d stored for laboratory tests. After each sample was logged and removed the
aﬁger V\Zas completely cleaned. Another auger length was added and the completé flight
was passed down into the hole. This procedure was repeated for the full depth of the

sample hole.

The value of drilling in studies such as this is currently debated. The biggest

problem is the representativeness of only one six inch or three inch diameter core.
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Another criticism is that sedimentary structures tend to be disturbed or destroyed by the
auger. Although contorted on the drill auger, rudimentary bedding structures were |
recognizable. Another potential problem is sample contamination with material dragged
from the walls of the borehole as.the auger flight is removed However, if proper
measures are taken this method of exploration can provide useful reconnaissance results

regardiess of such problems.

2.1.3 Section Description

Section description followed an orderly procedure of observation, measurement,
assessment and logging Both the external qualities of the landform into which the section
was cut and the internal sediment and structural characteristics were described. A general |
term charaéterizing the morphologic expression of the landform (hummock, ridge. plain)
was assigned, while its association with neighbouring landforms was assessed and
recorded. Other external qualities such as slope angles and, where applicable, orientation
(ridge form) were measured. The basic sediment units were identified and va pfimary
division ir;to diamicton/till, glaciofluvial, or glaciolacustrine sediments was completed.
Often lenses or blocks of stratified material occurred within a diamicton/till section.
These were logically dif ferentiated on the basis of their formation, i.e. whether by water

or ice. The major units and their relationships within the section were sketched and

photographed.
2.2 Diamicton Till Sediment F"roperties

2.2.1 Definition
Till is the product of glacial sedimentation and has both sedimentologic and genetic
connotations (Flint, 187 1; Sugden and John, 1976). The term was first introduced, in the

context of glacier dynamics, by Geikie (1863, p. 185) as:

" a stiff clay full of stones varying in size up to boulders produced by abrasion
carried on by the ice sheet as it moved over the land "

-

Descriptive synonyms such as boulder-clay (Charlesworth, 1957) and moraine

have since appeared but are either infrequently used or misused in the literature.
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Boulder-clay has lost its popularity as a term because boulders and clay may not normally
be the main constituents of till (Goldthwait, 197 1). Moraine is now accepted as a
morphologic term for an accumulation of glacigenic deposits (Sugden and John, 1976}
Since its inception the definition of till has evolved because the complex sedimentological
processeé of glacial deposition, under various conditions. have beéome better understood.
The definition has been expanded by /iberals and narrowed by conservatives. Recently,
Boulton {1976, p. 65) defined till as:
" an aggregate whose compohents are brought together and deposited by the
direct agency of glacier ice and which, although it may suffer
post—depositional deformation by flow. does not undergo subsequent
disaggregation and redeposition . . ~

Lawson (1979, p. 28) defined till more conservatively as:

" sediment deposited directly from glacier ice which has not undergone
subsequent disaggregation and resedimentation ".

’

The major difference between these definitions is the manner in which these two
authors have dealt with deposits formed superglacially or proqlacially. Very few
problems are encountered within the definition for lodgement or melt-out till quever,
in the superglacial and proglacial environments, where flow by gravity may redistritute the
debris, problems arise in defining a true till. Is a true till oné that maintains the inherent
characteristics of the débris/ice source or can it be debris which has its source of ice but

is redistributed superglacially (or proglacially) before it is depoéited?

There is a problem in Boulton's (1976) definition és to what he considers
redeposition. Is f/ow ti// merely a transition phase to final deposition where all buried ice
has been removed and thus in its final configuration or is deposition merely release of
debris from ice while stagnant buried ice persisfs? it is difficult to see why Boulton
(1976 still includes flow till in his classification where there must have been some
reorganization of material and loss of tr;é characteristics inherited from a glacier. For this
‘reason Lawson's (1979) definition is preferred by the author because he completely omits
those sediments which, in the superglacial or proglacial environment, may flow by gravity.
This redistribution process should result in resedimentation and theréfore debribs: will |
inherit the characteristics of this transport and deposition, separately from ‘that’l\{‘c;f the

glacier ice. Lawson (1981) proposed that these sediments are in fact diamictons, not till,



insofar as they result from resedimentation processes subsequent to initial release from
glacier ice. Goldthwait (1971, p. B) perhaps best summarized the till definition problem

with his statement “At least, everyone agrees that the word till does mean glacial handling”.

2.2.2 Formation and Deposition _

The formation of till has received much attention in the past two decades. Both
terms t/// formation and til! deposition are used interchangeably in the literature. Debris
refease from ice and subsequent collapse or redistribution is a dynamic process,
particularly in the superglacial environment where burie. icé is of major impor;tance
(Kemrﬁis et al.. 1981). Therefore ti// formation"is completed when the particles of
glacially‘derived debris that make up the till framework are mainly in contact” {Shaw, 1882,
p. 1548). Only when till is in its l;esting place following deglaciation can it be called

deposited (Shaw, 1882).

Till, as we observe it in various landforms, has undergone many processes prior to
deposition. Broad, process—related categorie; or stages may be recognized: initiated by
glacial erosion and entrainment, through transport, to formation and deposition. Sugden
and John (1876) hay  presented a flow diagram (Figure 2.1) which represents the stages

through which the related particles might pass.

Glacial Erosion and Entrainment:

Glacial erosion and entrainment are considered together here insofar as some
processes of erosion (e.g. abrasion) require that material already be entrained. Also,
effective erosion is unlikely to occur unless the debris that is produced is moved up into
the glacier (Sugdeh and John, 1976). Finally, entrainment in some cases can not be

separated easily from the erosion process (e.g. large—scale block inclusion).

Glacial erosion is usually discussed in terms of abrasion and quarrying (plucking)
processé_s (Sugden, 1878). The product of these forms of erosion range in size from
clay to boulders (Dreimanis, '1976) and are subglacially entrained, depending upon the
thermal and hydrological characteristics, via two major mechanisms; re.gelation and tractive

force incorporation (Weertman, 196 1; Kamb and La Chapelle, 1864; Boulton, 1870a,

{
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1872, 1975).

Subglacial debris entrainment is obviously dif ficult to observe and thus related
hypotheses remain unproven. However, debris within regelation layers of basal ice has
been frequently observed (Kamb and La Chapelle, 1964, Boulton, 1970b). It is thought that
small particles are frozen onto the base of the glacier in the lee zones of obstacles where
lower pressure occurs. “The amount of débris entfained by this method is limited as the
regelation layers tend to be destroyed by pressure melting as the sliding ice meets another

bed protuberénce (Sugden and John, 1976).
|

Tractive force incorporation requires that the moving ice overcomes the frictional
resistance exerted between the bed andAparticIe. The active ice may deform around an
| isolated block and iﬁcrease the contact between ice and rock, thereby increasing the
tractive force. waever, critical conditions of ice thickness exist. The ice must be thick
enough to deform around the block yet not be too thick that the tractive forces cannot

- overcome the resistance with the bed (Sugden and John, 1976).

\

Moran (197 1), Shaw (197 1), Clayton and Moran (1974), Christiansen and Whitaker
(1976), Eyles and Slatt (1977) and Moran et a/., (1980) have described mechanisms
‘ whereby large, intact, blocks of bedrock or pre—existing glacial drift are incorporated into
the ice. Moran's ‘(197 1) proposal was based upon the relationship between effective
normal stress and the shear strength of the materiél being entrained. He used effective
normal stress, qefined by Terzaghi and Peck (1967), as norr_ﬁal stress minus the porewatér
pressure. Thus, increased porewater pressure decreases the effective normal stress and
ultimately the shear strength c;f the material. Moran (197 1) suggested that three
conditions must be met to permit shéar failures in material overridden by g'lacier ice and
allow incorporation. First, the overridden material must contain p‘ermeable beds confined
by less bermeable beds. Secondly. gréundwater flow must be modified such that water
movas into these confined beds, generating elevated porewater pressure. He sugg?éted
that material need not be frozen at the t{me of incorporation if porewater pressure in
subjacent beds is sufficiently high. Thirdly, a compressive flow regime is essenﬁal |

whereby flow in the ice is upward from the base (Figure 2.2). Clayton and Moran (1874),

Christiansen and Whitaker (1976), Eyles and Slatt {1977) and Moran et a/., (1980)



debris-rich ice

Glacier

Glacier

Figure 2.2 A scH'emoﬁc. drawing of large-scale block inclusion

resU|ting from elevated porewater pressures

(after Moran, 1971)
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suggested further that the advago g glacier must be frozen to the substrate and the

movement is primarily by interhal de meatIOI’\ of ice. Thus, specific geohydraulic, glacier

flow, and thermal conditions must be met for thrust blocks to be plucked from the bed.

Shaw (197 1) dealt primarily with thermal and hydrological conditions at the base of
glacxers ‘Extending the work of Weertman (1961) he illustrated, for example, how
stratified Iacustrme sediments, initially unfrozen, may have been incorporated into the base

' of a glacier. Shaw (197 1) envisioned zones of basal melting, well upglacner from its

. margin, due to increased ice thickness and basal sliding. Meltwater so produced flowed

down the pressure gradient towards the glacier margin. Between the glacier margin and

basal melt zones, meltwater réfreezing took place. As the giacier advanced the increased
ice thickness brought part of the Iaminauted sediments into the zone of basal freezing.

Clean ice formed below these laminated sediments and sediment/s were lifted into the

glacier and transported away.

Debris in Transport:

Once entrained debris may be transported in basal, englacial or superglacial
positions. The basal zone refers to the lower, relatively thin and debris—laden part of the ‘
glacier mcludmg the sole (Lawson, 1979). Its thickness is variable, ranging from 1t03
metres (Drelmams 1976) to 15 metres (Lawson, 1979). Here, the character of the ice and
debris reflects the interacti'on with subglacial materials during flow and represents the

main zone of comminution by crushing and abrasion (Lawson, 1879)..

The englacial zo'ne' represents the main body of ice. Material is moved into this
position from below by compressive flows at subglacial constrictions\ and at the frontal
margins of the glacier (Nye, 1952). Alternatively, 3ubglacial debris may be brought up into
the ice along shear planes (Boulton,. 1967). Alternatively, supegglacial debris may be |
subducted into the englacial zone. In the englacial zone included clasts and/or thin debris
bands are unaffected by surface or subglacial processes.(Lawson, 1979). Under these
conditions englac - 3bris may be transported for hundreds of kilometres if the glacier
systemis suffucnently Iarge {Dreimanis, 1976) In the englacial zone rock fragments

seldom coIhde and clasts may become ahgned either parallel or transverse to the direction

y
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of ice movement, depending upon local stress {Boulton, 1967).
\ ‘ :

'Debris is moved into the superglacial ﬁosition by strong upwérd movement in the
zone of compressive flow. Subsequently, surface processes such as freeze—thaw, watér
_ action and wind action dominate and thus affect the characteristics of debris and ice.

Sediments are also added to superglacial zones by mass movement, flpvial éﬁd aeolian
_processes. ' o
2.2.3 Classification :

The processes of tiii formation. which occur in different depositional

environments, are the basis of classifications of till. Till has Been dif ferentiated on the

basis of properties inherited frém these processes (Kemmis et a/.; 198l).

Till has been classified int~ two main types (subélacial, basal, or Iodgerﬁent till and
superglacial, englacial, or ablation till) since the sta;t of investigations of tills about a
century ago (Dreimanis, 1976). Thus subglacial, active, mechanical processes were
dif'ferenfiated from superglacial/englacial, pz:]ssive, melt-out processes. This twofold
genetic classification dominated until Boulton (197 1) improved u}aon it and subdivided
ablation till into melt—out till and flow till, based upon their stratigraphic characteristics and
ease of differentiation. Later, both Boulton (1976) and Dreimanis {1976) proposed more
detailed claséifications based upon formational processes and distinguishing
characteristics (Tablés 2.1and 2.2). ShaW (1977a, 1982) expanded these classifications
into a non—hierarchical scheme (Table 2.3) whereby. different column combinations could

be extracted to provide a high level of interpretation.

Lodgement Till: -

Subglacially formed, lodgement till develpps as particles in debris—rich ice are
plastered onto.the subglacial surface. Boulton (1975) stated that lodgement is a
mechanical process which will occur when frictional forces between a garticle in traction

and the bed exceed the tractive forces exerted by the moving ice. Segondly, pressure

o

melting of sliding basal ice against obstructions in the bed will release stpall particles as

regelation melt-out {Boulton, 197 1). Boulton (1975) and Sugden (1878) rr\a\intained that
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Sedimentary association

Source of material

Principal till types Sub-type

Part of the supraglacial | Supraglacially
sediment association

Supraglacial morainic

“

derived till
Flow till Allochthonous
Parauthonous
Melt-out till Autochthonous
' Subgla?lally Lodgement till Deformed
derived - a
' Undeformed

Part of the subglacial
sediment association

" Lee-side till

Table 2.1

A classification of tills (Boulton,

1976)
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GLACIAL DRIFT IN TRANSPORT

GLACIAL DRIFT DEPOSITED AS TilLL

By glaciers aground Underneath Ice

< ) shelves
SUPERGLACIAL DEBRE)W‘-/ ABLATION”-FIOW till
B T .
ENGLACIAL ~Ablation melt-
g DEBR IS vt et WATER-LAID TILL
(=]
= | """ _ Basal melt-out
: / i
i il P BASAL
(&} ) —_— .
< | BASAL DEBRIS/—v_\::»\: TILL Lodgement till
© ' - T~ Deformation til
/" ‘
DEFORMED BEDROCK, OR SEDIMENTS RELATED TO GLACIATION and/or GLACIALLY ERODED SURFACE
OF ROCKS OR SEDIMENTS ‘
«
Table 2.2 A genetic classification of tills and their relationship to glac:al debris in

transport (Dreimanis, 1976)

Position of transport

Position of deposition

Process of deposition

2

Tectonic facies

T - "
Supraglacial Proglacial Lowered ‘ Highly attenuated
Englacial Lateral ice-contact Flow.: . Poorly attenuated
Basal Supraglacial N Melt-out i

Subglacial

Sublimation

Lodgement

Table 2.3

Classification of terrestrial-

(Shaw, 1977a)
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. the flowing basal ice must be at or near pressure melting point for these lodgement

processes to occur. As well, thrusting and shearing, where active ice overrides stagnant
ice. or previously deposited till (Boulton, 1970b. 1971, Lawson. 1979; Kemmis et a/., ‘

1881). nlway be considered ess—itial for the lodgement processes (Moran, 197 1),

Lodgement till will largely inherit the pebble fabric from thg internal dynamics of
glacier movement (Lavrushin, 1970; Boulton, 1971, 1876. Marcusson, 1975; Sugden and
John. 1976: Lawson, 1979). The fabric may be slightiy reor’nented as intérstitial ice melts
out (Kemmi;et al., 1981) or reoriented to a larger extent as a result of deformation by

overriding ice (Ramsden. 1970; Ramsden and Westgate, 187 1. Mark, 1874) or in response

to variations in the Subglacial bed configuration (Boulton, 197 1: Lawson, 1979).

»

Melt-Out Till:

Melt-out till is perhaps the most common type of till, straddling'both the subglacial
environment (basal melt—out till) and the superglacial environment (ablation melt-out till
(Boulton, 187 * Dreimanis, 1976). Melt—out till is formed by the passive /n situ melting of
étaghant, non—deforming, partially debris—iaden ice under confining cbnditions (Harrison, -
18957; Boulton, 19__.70, 1972; Lawson, 1979; Kemmis et a/., 198 15. Two melting zones are
recognized in buried stagnantice (?iéure 2.3). The eventugl removal of ice is primarily a

function of heat sources and insulation effects. . ’ ’

Basal Melt-Out Till:

Melting of the lower stagnant ice zone is determined mainly by the geothérmal heat
flux and temperature gradient in the ice (Boulton, 1970b). Nobles and Weertman (197 1)
have shown that bed surface irfegularitie§ will affect both the geotherfna| heat flow and
the thermal gradient . There will be increased heat inpwut,by heatflow refraction and
decreased thermal gradient at depressions. Thus the rate of debris release will be highest
over depressions and lowest over high points, tending to smooth out the bed

configuration.
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If meltwater generated by upward melting of the basal ice layers is not evacuated
this may lead to till saturation and excess porewater pressures (Boulton, 1971). Lateral
flowage or internat deformation may occur under these undrained conditions (Boulton,
197 1. Sugden and John, 1976). These. éedimentary units are analogous to Elson's (196 1)

deformation tills.

Ablation Melt-QOut Till:

Ablation melt—-out till is the result of debris relegse from exposed basal or
englacial ice at the glacier terminus as well ag from the upper surface of buried stagnant
ice (Boulton, 187 1: Kemmis et a/., 1981, The major heat inputs are directly related to

local climatic regimes plus heat from stream and pond water.in contact with the ice.

The melting rate of the upper ice surface is controlled to a large extent by the
tbhickness, distribution, morphology, textural characﬁteristics and thermal conductivity 01;
the superglacial debris cover. Various authors (Oétrem, 1959; McKenzie, 1969; Loomis,
1970: Loomis et a/., 1870; Driscoll, 1974; Eyles, 1879; Lawson, 1879; Nakawo and
Young, '1 98l) have presented both theoretical and field observations pertinent to the
effects of this debris cover on buried ice melting. For example, Ostrem {1959) found that.
melting was greatly reduced where a heterogeneous debris cover thicker than 1
centimetre was present, whereas debris less than 1 centimetre thick accelerated melting.
Boulton (197 1) stated that only a‘3 centimetre thickness in Svalbard, Spitsbergen,
decreased the ablation rate of the underlying ice. McKenzie (1969) noted that.ablation
continued even with a 4 metre thickness of coarse—graine_d debris in an ice—cored kame in
southeast Alaska. Lawson (1979 stated that release of debris from basal ice of the
Matanuska Glacier, Alaska proceeded even when the sedimer;t cover exceeded 8 metres.
Nakawo and Young (198 1) showed that the ‘~ater content of the debris cover will impose
strong controls on the ablation rates as well as stored heat in a thick debris cover. Eyles
(1979) suggested that an illuvial mud layer at the till/ice interface seals the ice surface
retarding the rate of top melt. A stable phase is established when the mud layer is
unbroken and ablation melt-out is minimal. This stable phase is usually followed by an

unstable phase during which the debris cover/mud layer is disturbed and ice melting is
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accelerated.

As passive /n situ melting proceeds the debris which has been melted out may be
deposit‘ed in various ways depending on local conditions (Kemmis et a/., 1981). First, it
may be simply /et-down under confining conditions: , Such deposits show preservation of
the englacial fabric, with only slight modification as sediment collapses due to ‘
readjustment Qf_ the grai‘n contacts and particle packing (Bdulton, 1971; Lawson, 1979}
However, thé texture and structure of debris are lost during meltl?out iLawson, 1979) as
fine—grained sediment miérates downward intb pore spaces between Iargér particles.
This mixing is a function of the volume of sediment contained in the ice, and its

distribution, as well as the texture of the debris (Boulton, 1970b, 197 1).

A common variation is that the material is subjected to gravity flow and
redistribution (Boulton, 1967, 1972, %976; Marcusson, 1873, 1975; Lawson, 1978;
Kemmis et a/., 1981). This has been generally referred to as f/ow t///.(Hartshorn, 1958;-
Boulton, 1968, 1971, 1972, 1976; Marcusson, 1973, 1975) but more recently as

sediment flow diamicton (Lawson, 1879, 1981, 1982).

Sediment Flow Diamicton:

Acceptance of Lawson's (1379) genétic definition for till excludes the generally
used term f/ow ti// for thoge sediments which are redistributed by gravity flow in the
superglacial environment. The use of the term flow till had survived without much
alteration ih meaning since it was f‘i.rst introduced by Hartshorn (1958). Boulton (1968,
187 1) firmly established the use of this term in the literature with his studies of the
formative processes involveAd in the superglacial environment of modern glaciers in
Spitsbergen. Lawson (1978) was the first to challenge its use although hints of discontent
tan be seen in Goldthwait (1971 )f Dreimanis (1976) and Sugden and John (1976). Even

'BQSJ'!fton (1976) compromised to a certain extent in his later till definitién in order to skirt
theﬁ);rbblem. Flow till is a prevalent term ip the literature and will probably continue in usegP
even with its inherent problems. However, for the purpose of this work the resedimented

‘deposits in the superglacial environment are referred to as diamictons resulting from

sediment flow (or, for brevity, diamicton).
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Kemmis et a/.. (1981, p. 21) prbvided a working definition of such resedimented

glacigenic materials as;
" deposits which have been subjected to flow, reworking and resedimentation
on and/or next to the ice surface, and which derive their sedimentologic

properties from the resedimentation processes; many of these deposits are
till—like; ..".

Subaerial Sediment Flows:

Within the superglacial environment meltwater plays an important geomorphic role
If sediments are to be redistributed the amount of available meltwater will largely control
the type and extent of debris flows as well as control the alteration of the sediment
constituents (Boulton, 1968, 1971, 1972; Sugden and John, 1976 Lawson, 1979, 1981,
Kemmis et a/., 1881). The nature of the slope and general surface roughness are also
important variables in controliing the extent of flow and the number>of resedimentation

phases which may take place.

' Boulton (197 1) and Lawson (1979) have attempted to classify. using modern
examples. subaerial flow types which are a reflection of the flow processes and the
properties of the resulting sediments. Bouilton's (197 1) arbitrary classificatior; of subaerial
flow tills includes three basic flow processes: mobile liquid flow; semi-plastic flow; and
downslope creep. The processes are differentiated by factors such as rate of movement,
water content requirements, @bpe stability and morphology of the flowing bmass,"\texture,

structure and pebble fabric. Table 2.4.outlines characteristics of Boulton's (197 1) flow till

types. . o \

4

Lawson's {1979) study of superglécial debris subjected to gravity flow and\
resedimentation in the snout zone of the Matanuska Glacier, Alaska, is comprehensive\He
recognized four types of active, subaerial sediment flows (Table 2.5) which are
~ distinguishable because of differences in their predominant deformation characteristics
~ and mechanisms of grain support and transport. Properties of these flows suggest that
_they are transitional and represeht a continuum related primarily to ti.cir water content.
Saturation of the sediment will reduce the shear strength and even at low slope angles the

material can fail. However, even on low-angle slopes, with minor water content, material
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can fail by shearing along the sediment (or sediment/ice) interface at the base of the flow
when some critical thickness is reached. This happens when the gravitationally applied
stress exceeds yield strength. In this type of failure the body of the flow maintains its

strehgth because movement is along a discrete zone at the base of the displaced material.

It is therefore the interactions.of sediment texture and thickness, slope, and
available watér supply Whiéh separate the different flow types. Flowé will range from
those which are fully liquified, allowing partial sorting of material as larger particles sink,
through unsheared p/ug flows and rotational block failures, to low—angle basal sliding on
underlying ice. The last type may occur inresponse to excess porewater pressure at the

ice/sediment interface.

Detailed analyses of pebble fabrics from subaerial sediment flows on modern
glaciers (Boulton, 1871, Laws,o'n, 1979) show a high degree of variability. Mark (1874)
suggested that these fabrics must be considered in relation to the direction of the flow
'which‘ can be unrelated to the direction of ice movement. Lawson (1979) agreed that the
fabrics are directly related to the resedimentation processes and that each type of flow
should therefore yield different fabrics. As water content increases, the séatter of
orientations decreases and preferential orientation develops with alignment paraliel to
sediment flow direction. Weaker orientatibn will exist in materials which have flowed with

low water content.

Boulton {197 1) found that for prolate and blade—shaped pebbles fabrics can vary
considerably within the same flow unit. Also, in mobile liquid flow.the'a axes of ﬁebblés
tend to align thiem'selves parallel tb the direction of transport in the body of the flow and
transverse in the nose. As well, in semi—plastic flow, variations of preferred dio
orientation for different parts of the sediment flow are prominent (Figure 2.4, .nd with

increased water content there is an increased dip of pebble long axes.

From this discussion it can be seen that fabrics of subaerial sediment fiow
deposits are variable. Thus, conclusive answers cannot be reached using fabric analyses

alone.

v
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Subaqueous -Sediment Flows:

Both Boulton (197 1) and Lawson (1979) discussed subaerial sediment flows.
However, Méy {1977) and Evenson et a/., (1977) have considered subaquatic
environments. Evenson et a/., (1977) interpreted the interbedded relationship between
laminated tills and current-deposited cla;stic.units as subaquatic flow til1 or subaqueous
debris flows . May (1877) proposed a term /acustroti// for these tili-like sediments

deposited by flow mechanisms,

Various criteria such as clast fabrics, sole marks, flow folds, lack of graded
bedding, granulometric composition and depositional geometry have been employed to
show that till units were the product of material slumping from the glacier ice into a body
6f water (Evenson et a/., 1977). Clast fabric maxima in subaqueous sediment flows, like
those of subaerial flows, are usually parallel to the downslope flow. However, others may

& transverse or oblique to the flow.

2.2.4 Diagnostic Criteria Examined in the Field

The diagnostic criteria of diamicton/till identification are not universally
standardized (Dreimanis, 197 1; Johansson, 1975; Raukas, 1975). Dif';/mictob was a term
first applied to all "essentially non—sorted, calcareous, terrigenous deposifs composed of
sand and/or larger particles in a muddy matrix” (Flint et a/., 1960, p. 507). Only after
considering all pertinent information-should one conclude.that the diamicton is indeed till
deposited directly by glacial ice. Boulton (1976a) aﬁd Lawson (1978} have provided
outlines of comprehensive, diagnéstic, criteria for till type discrimination (Tables 2.6 and
2.7 respectively). The objectives of the present research necessitated selection of

descriptive and quantitative properties to be studied. In this section only those diagnostic

criteria judged significant for genetic interpretation will be discussed.

Texture:,

Texture, the grain size properties of both the matrix particles and contained clasts,
has been routinely considered in investigations of diamicton/till gefesis. Marked variability

of texture, particularly the matrix grain size proportions, has often aided in unit



PROPERTIES
Hature of sequence
and position of
tilils within it

Trasn size com-
posttion and -
(ty spatial

varraton

Banding

Clast orient-
ation fabrics.
Largest
commonly occur-
ing clast
should be se-
lected as the
most reliable

Folding and
faulting

Jointing

Surface
expression

Till
thickness

FLOW TiLL MELT-QUT TiLL
Occurs directly above
lodgement till or
eroded surface. Al-
ways overlain by
sediment overburden

Topmost of a sequence of
tills, Qften occurs di-
rectly above ice-contact
outwash sediments. May
coat hummocky terrain as
a thin veneer. Sediment
lenses of all sizes occur
within the flow till

Relatively small
spatial variation
in grain size
composition

O0ften shows considerable
variations in grain size
composition. Local en-
richment and depletion
in fines due to sub-
aerial washing on till
surface

Shows both sédimcn(ary
banding and shear band-

ing. The former due to - e

. -
water sorting on the B .
till gurtace, the latter e

due .to streaking out
during flow

Transverse and parallel
to flow direction.

Often parallel and
transverse to ice flow
direction, but not nec-
essarily. Large within-
site fabric variabilicy

_TVerse and{HEEs
orientatiqgns .pr
develop. Thé a~b pla
tend to lie in.planei-of
bed.
fabric consistency g

Intra-formational fold- No internal fol.ing

ing due to flow, common-

ly saen asymmetric over-

turged or flat-lying iso-

clinal fold noses pre-

served. Frequently over-

lie stratified sediments

which show gentle fold-

ing and high angle fault-

ing indicative of collapse

over melting stagnant ice
- . ‘:

Joints primarily reflect Ravé\y jointed

drying out (vertical, pol-

ygonal in plar), and freezing

(closely spaced and parallcl

to the surface -

May occur below a low re- Never exposed at

lief, slightly irregular surface

surface, or below an ir-

regular hummocky ridged

surface, or a series of

ridges Iyiig parailel

to the glacier margid

Extremely variable, from Thin, unlikely to

very thin to very thick. exceed 2 metres .
wverage thickness unlike-

ly to exceed 1-2 metres

A

High within-site ;QQ'

handing
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LODGEMENT THLL

Occurs at the base of a
sequence of sediments
derived from glacier
retreat

Relatively small spatral
variation in arain size
composition. May show
boulder clusters of alaci-
tectonic lusions from
undcrly:nq beds

in

Absence of sedimentary
but, shear banding
to intlusion and’
aking out of sub-till
yknt%

hf $trong para||F| fabric
peaks with up-glacier dip,
ose  tills where
post-depds™ional deformation
has occurred, such as in
filutes or folds transverse to
flow. Strong within-site and
betmeen-site correlation

fFolding may be apparent when
underlying beds have been in-
corporated. Ffolds ger tly
isoclinail with flat-iy.. , axial
planes. Anticlinal fold noses
rarely preserved.” Synclines
facing up-qlacier commanly: found.
fold noses often completely
streaked out. Ffolding in under-
lying beds similar to that in the
till, though it may be less
extreme. Structure reflect
subglacial shearing

Joints primarily reflect unloadg-
ing (paralle! to surface, more
widely spaced than joints due to
freczing), and shearing (sub-par-
allel lenticular joints sets, or
vertical conjugate sets)

invariably fluted and/or
drumlinised in the direction of
ice movement. ™ay have ,transverse
pushed ridges superimposed, or an
irreqular pattern of till

squeezec up into crevasses

Almost

Any thickness. Average thichkress

may be large

Table 2.6 Criteria for distinguishing tills of different origin (Boulton, 1976)



Table 2.7

Process Deposit

Lodgement Lodgement

at glacier till

sole

Buried Melt-out

ice ol

melt

|

Sediment  Sediment

Flow flow
Type |
Sediment |
flow
Type 2

7 Sediment
flow
Type 3
Sediment
flow
Type 4

Some characteristics of the deposits, terminus

(after Lawson,

INTERNAL ORGANIZATION

General

Structure

Clasts ran- Massive;
domly dis- shear fol-
persed to iation,
clustered other ''tec-
in matrix tonic' fea-
tures
dense,
compact

Clasts ran- Massive;
domly dis- nay pre-
persed in.  serve in-
matrix dividual,
or sets¥of
ice stra

Clasts dis- Massive

ta

Strong; Upper sharp,

unimodal may be trans-

parallel itional; sub-

to local ice probably

ice flow; sharp

low angle

of dip,

Absent to Non-erosional

very weak; conformable

vertical contacts;

clasts tacts indis-
tinct to
sharp; load
structures

Absent to Non-erosional

very weak; conformable

vertical contacts;

clasts tacts indis-
tinct to sharp

Absent to

weak;

bimodal

or multi-

modal ;

vertical

clasts

Pebble Contacts~
fabric basal surface

features
Strong; Image of
unimodal substrate
pattern;

orientation
influenced
by ice flow
and sub-
strate; low
angle of dip

Moderate;
il

contacts;
tacts
to sharp

Absent
formable;
indistinct

persed in dense
fine-
grained
matrix
Plug zone; Massive;
clasts dis- intraform-
persed in ational
fine- blocks
grained
matrix
Shear Massive;
zone; deposits
gravel zone may appear
at base, layered
upper part where shear
may show and plug
decreased zones dis-
silty-clay tinct in
and gravel texture
content
matrix Massive;
to clast occasional
dominated intratorm-
' ational blocks
Matrix, Massive to
except at graded
base, where
granules N
possible

Non-erosional
conformable

indistinct

Contacts con-
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region, atanuska Glacier, Alaska

1979)

Geometry-
minimum
dimensions

v

Discontinuous
pockets or
sheets of var-
iable thickness
and extent

Sheet to discom-
tinuous sheet;! '
km? to m2 in
area, ™ thick

Lobe; maximum
of 1000 m? in
area, 2.5 m
thick

Lobe; maximum
600 m2 in area,
1.5 m_thick;
sheet of coal-
esced deposits

Thin lobe; 200 m?

in area; .0.5 m
thick; fan wedge
fills surface lows
of irreqular size

Thin sheet; 200 mZ
in area; 0.3 m
thick

fills surface lows
of irregular size
and shape

/
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differentiation. The concept 6f particle size defies simple definition (Pettijohn, 1975;
McAliister, 198.1). A comparison of clast diameters with those of equivalent spheres is
implied in most definitions but these are not often directly measured (Pettijohn, 1875). In
this study the Wentworth-Lane grad;a scale was used to define the upper boundary of
each particle size fraction. The heterogeneous mixture of grains within the diamicton
matrix was tactually classified following a ternary lsy‘stem based upon the proportions of

o

the three components; sand, silt and clay.

Particle form is defined as "the resultant of combining thdse elements which
affect the three—dimensional geometrical configuration of the surface en‘velope that
contains the particle mass” (Orford, 1981, p. 86). Components of clast forlm include
shape. roundness and surf‘a‘ce texture. Only clast roundness. involving an evaluation of the
sharpness of edges and ccr.ners of particles (Pettijohn, 1975), was assessed in the field.
Figure 2.5 illustrates the chart employed for clast roundness estimations.

) t

Degree of Consolidation:

Consolidation is the reduction in volume a mass undergoés when subjected to a
compressive stress (Kemmis et a/., 1981). A sampie can be considered overconsolidated
if the preconsolidation pressure is greater than the stress exerted by the present
overburden. Sediments will compact when subjected‘ to an overburden pressure if

allowed to freely drain. Even after the stress is removed the sediment will reb0undkonly

slightly and retain the effects of preconsolidation (Kemmis et a/., 1981).

Although the geotechnical propertiés‘of the diamicton/till were not directly

“measured in the field, the degree of consolidation or compaction was aséigned a

qualitative rank: friable, compact or very compact. In general, basal till tended to be more
dense and oyerconsolidaté‘?i and thus this criterion occasiénall'y aliowed differentiation of
till uhits._ However, recernt investigations (Boulton and Paul, 19786; Dreimanis, 1976) have
sHo‘wn that this generalization may be too simplistic because tills may be deformed during
or éfter depositics’n to develob a looser structure. Alternatively, if subglacial water

drainage was inhibited, compaction would be reduced. Finally, desiccation of flow tills

‘(Boulton, 1976) may produce high preconsolidation values and thus preclude this criterion




B2
of differentiation between basal till units and flow till units.

Structure:

Structure is amongst the most diagnostic criteria for the interpretation of
diamicton/till. In the study area such structural attributes varied greatly, both within and
between sites, and it was therefore difficult to follow a standardlzed format in theur
description. However it was necessary to consider a wide range of possnbllltles and

these are briefly discussed as follows

| Till structure tends to be massive, without lamination or graded bedding
(Goldthwait. 197 1). Yet bedded and laminated tilis, as well as tills with stratified intrabeds '
"and block inclusions, do occur. The sand and silt lenses maintaine'd attitudes which were
horizontal, inctined and vertical. Sometimes these Ienses‘pinched out or interfingered with
others. The contacts were planar or undulatory, concave or convex. Block inclusions
were Llnconformable and displayed similar relationships with the diamicton/till as did the

lenses.

[
e

Jointing is an important component of structure and is usually attrlbuted to
\

compactlon or post—depositional desiccation. Ar’l appralsal of the basic Jomt types and

their spacing, at times, allowed a prellmmary separatron of the diamicton/till units. Major

joint types include columnar, blocky, prlsmatlc and platy (Flgure 2.6).

Deformation structures evolve irfresponse to 'internal and external stresses.
These structures may be syngenetlc or eplgenetlc Elastic fracturmg yields faults and
shear structures while guasi— plastlc deformatlon creates folds. Varlous types of faults
and folds may exist within a single exposwe léault penetration of or truncation between,
units was valuable for the interpretation of the till. Fold axes reflected predominant
directions of applied forces. Dlaplrlo or lnjec’tlon structures wer'e also recognized at
some locations. These are a response of underconsolidated sediments to differential

loading.
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A B Ke D E

A: angular;- B: subangular; C: subrounded?
D: rounded; E: well rounded .

Roundness Classes:

Figure 2.5 Clast roundnéss closse’s (Pet;"i'iohn,’ 1975 )
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Pebble Orientation {Till Fabric):

The tendency for coarse clasts to have preferred orientations occurs because an

ovoid will become’oriented in a direction which corresponds to an equilibrium condition of

v

an applied force WMcGreal, 1981). Fabrig analysis is the study of this orientation as well as
its geomorphnc lmollcatlons lSee Appendix 1. The azumutl},’measwed from true northin a-
down dip. dlrectxon and the pl'unge below the horizontal of the lonq axls (&) of pebbles

are graphnca?ry a'w statxspc'ally combmed to demonstrate the pebbles orler’ttstuon)),space

R

e

/l’
{(Andrews, 197/l‘a McGreal 198 1) (see Appendnx‘t’/' ‘, oo
l\:'i! ’ ‘ o
Fabrlcs were mea5ured at-a number of exmsnres Flfty pebbles represented a

sample at each fabrlr site. The exposure W as flrst cléared of all loose surficial debris with

K

a trowel The vertlcal face was then slowly exca.vated wnthm an area of 0.5 m* until a

suitable pebble was located Pebbles whnch lay adjacent to targe boulders were not.

~measured. Each pebble was carefully remov’ed and examined to ascertaln whether |t had

y

the necessarymwlnrmum 3 2/ab axes ratio lEvenson 1871). In most cases the sllty clay

vt

 matrix allowed acastto remaln once the pebble had been removed If suitable, the pebble
was then reinserted and the long—axls was measured using a Brunton pocket transit.
Dlrectlons were measured as precisely as possible but, reallstlcally an. error of +20is
expected Dip measurements are sub;ect to even greater err. 70 help minimize thls
error a wooden stick was mserted into the, cast to duplicate the plunge of the a axis. Dip
measurements were made dlrectly on the stick with a Brunton pocket t{ansn Finalty, the

pebble was ‘discarded to pre‘vent,at;c_ndental re—measurement

2.§leaciofluvial and Glaciolacustri‘ne‘ Sediment 'PrOperties‘ : .' -»e.\\ |
2.3.1 Definitions .
Glacrofluvnal deposits are deflned by Lundqunst (1979“lp B)as sednments which
have been "transported and deposited by streaming water generated by meiting of glacier
“or inland.ice”.. As a natural continuum, these meltwater streams often debouch into
standing water. Finer material is carried Out into a lake basin and accumulates.as |
glaciolacustrine sediments. Deltaicb;sedime‘ntation“of_ten .ll‘nks_‘_fthe two environments.

Cl L\&‘l . , ~-"1‘3,‘~

0



The position of deposition, relative to the ice mass, has been traditionally used to
distinguish two major sedimentary environments; ice-contact and proglacial (Flint, 1971;
Shaw, 1972 Price, 1973; Lundquist, 18978}, Within the ice—contact environment
glacioflovial deposition may occur subglacially, englacially, supergle ially and: - against the

glacier margin. G' .er lakes may form either superglacially or p-oglacial -+ Thus a variety

of distinctive sedimentary env ~ nents exist and consequently . iits are-varied

These relations are perhaps best exemplified on a decaying, stagnant ice mass.
Sedimentation may occur along any number of spatially and temporally changing margins.
Difficulties are rife when one attempts to distinguish true glaciofluvial or glacnolacustrme
deposits. The very nature of ice dnsmtegratnon allows some areas to become temporarlly
depressed with respect to the surrounding ice surface. These depressional areas may
become short-lived collection zones for soperglacial or ice—walled lakes, base-levels for
inflowing meltwater and localized sediment s/nks. Further problems are posed by
deposits formed at contact zon: - hetween glacioflu:yzial and glaciolacustrine en\\\/ironments

drat

Here, overlappin~ of sedimentary units is expected tdoceur.

2.3 2 General Deposmonal Processes
The processes of primary deposmon in glactofluvxal environments are, in part
similar to those wnsnormal fluyial systems However, ice imposes controls on flow regime,
stream velocity (Sugden and John, +76) and channel characteristics (Shaw, 1972) whm‘h”
_are uncommon in norma/ fluvial environments.” In addition, variations of sediment input are

¢ . : .
often relatively large and rapid in the varied environments of glaciated zones. Flow regime ~.

is strongly mfluenced by the rate of |ce meltmg As a tonsequence large fluctuations of
dlscharge wnthm a glacnofluv:al setting are common both in the Iong and short term (Price,
"1873; Sugden and John, 1876). btreamflow variations are strongly seasonal Dlscharge

dnfferences may also be expected to have marked dlurnal characteristics.

Meltwater stream velocities not only vary in direct response to irregular meltwater
productlon but may be locally influenced by such other controls as ice dam collapse or
blockage by mass movement. Ice siope varnatnons are likely to be rapid in a disintegrating

ice.mass, partlcularly near the margin of the glacner system. Channel confnguratnon and

.f‘}
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evolution therefore may be controlled to a large extent by the confining ice walls.
| Englacial meltwater channels are restricted laterally as little or no migration is allowed
(Shaw, 1972). Such stream beds are lowered and raised by erosion and deposition (Shaw,

1975. Sugden and John, 1976). °

Procisses ‘of sedimenfation in various types of glacial lakes have been discussed
at length by nu erbus authors (e.g. Price, 1973; Ashley, 1875; Gustavson, 1975;
Gustavson et a/), 1975‘8?5(?\/\19753 Theakstone, 1976; May, 1977; Orombelii and
Gnaccolini, 1978)x It/is/gener lly agreed that density currents play an important role in
"~ glaciolacustrine sedimentation. Ashley (1975) suggested that density underﬂc;:vvs'are fi?e

iy

Tgayor mechanism of sediment distribution in these lakes. Density underflows result from

v
W TS L8 | . .
’ ,_".ng Suspena)gd load concentrations of meltwater streams pouwring into lake water bodies

Ty .
which have lower concentrations. To a great extent these flows are controlled by the

“d‘}urnal and seasonal fluctuations of meltwater and debris supply. Other factors which
in‘fvluence the sedimentary character of glaciolacustrine deposits are, for example, depth
of the lake, the water temperature and the probability of ice rafting (Price, 1973).
7\ .

233 Ge\ngral Characteristics of Glac%ofluvial aﬁd Glaciolacustrine Sediments

Glaciofluvial depbsits are typically stratified with rounded and sub-rounded
particles. However, in some cases they may be massive or struc;ureless. Sediments
deposited almost entirely from suspension can yield a structureless unit (Banerjge and
McDona!c;,. 1975). Glaciofluvial sediments are generally well sorted, although this sorting

'may be restricted to discrete beds. o

The stratigraphy of glaciofluvial‘de‘posits is fréqqently variable,:‘.for example, beds
are often truncated. If stream Velocity increases or me,ltwater‘ stream;ére allowed to -
migrate laterally whole beds cén be removed by erosion. Also, in contrast to most élluvial
sequences, coarsening—upwards is often apparent (Shaw, 1972). GIécioﬂUviaI sediments
can also be capped by till. This is often the case where the outwash material formed in a
ice—contact position or intraglacially (Eyles and Slatt, 1977; Orombelli and Gnaccoliniz

1978: Clemmenson and Houmark—Nielson, 198 1; Fraser and Cobb, 1982).

R
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Glaciolacustrine sediments often include laminations. These may be rhythmites or
varves, which are apparent because of changes in grain size Rhythmites are comprised of
couplets of one coarse and one fine layer, with no time or seasonal connotation attached
to their recognition. Varves are couplets dominated by &inter and summer beds
deposited in one year (Price, 1973; Ashley, 1975). Turbidity currents, resulting from
density underflows along the bottom of alllake. are often responsible for the laminated
sands and silts that characterize the summer layers of varved sediments (Gustavson,

1975) ’

In addition to the characteristic laminated bedding individual clasts or blocks of

rrrrr

ice—floe rafting is assumed to be the major mechanism by which these apparently

disproportionate clasts or blocks are transported. Calving. lake—ice and river—ice are the

sources of these ice floes.

2.3.4 Diagnostic Criteria Examined in the Field

The following criteria were evaluated for this study. Glacic fluvial and
glaciolacustrine sediments are discussed.together because much overlap exists in their -

description. ‘ V&

2 Texture and Shape:

A grain size comparator (Figure 2.7) was used to describe the approximate grain.

‘

sizes characteristic of sedimentary units. The roundness of sand grains was assessed

using Pettijohn's (1975) chart {Figure 2.5).

Sorting: R

« ' s

“Sorting is a measure of thewelatuve homogenelty of part|c|e sizes wnthm a sample

-and usually represents the completeness to whnch} the;;}edsments had been reworked by

transporting agents (Compton 1962) M?)st glaccoﬂuvua) and glacuolacustrme sednments
were well sorted. However, good sorfmg was usually restncted to a smgle strata whereas

bulk samples from a'series of beds showed léss sorting. Barpnga’l sortlng, whereby the

- ' ’ »



interstices among large particles are filled with fine—grained particles, was also quité
common These sediments are still considered well sorted (Lundquist, 1979). The degree
of sorting of sediments was approximated in the field by use of a combarative chart

(Figure 2.8).

Structure:

Structures within the glaciofluvial and glaciolacustrine sediments were classified
into primary (syngenetic) and secondary (epigenetic) groups. Primary structures are the
characteristic bed; formed at the time of deposition. They are a direct result of the
energy conditions of the depositing medium and the grar;ulometric character of the
sediment (Reineck and Singh, 1975). Penecontemporaneous structures were included as a
sub-class of primary struc;ures beéause they have developed intraformationally. This

-means that such structures evolved shortly after ihitial depo_sition. Penecontempo}aneous
deformati'on structures included gravitational slumping and sliding structures, convolute
bedding, load—induced structures and frictional ('jrag structures. Secondary structures

included those which demonstrated post—depositional disruption or modification of the

primary structures. The most prevalent secondary structures were faults and folds.

Palaeocurrent Analysis:

Palaeocurrent patterns, used inigonjunction witH primary and‘ secohdary structures
and' granular texture, are imbortant in the interpretétion of past sedimentary environments. .
Investigations of palaeocurrents have included"m"easurement and analysis of pebble fapric |
(Rust, 1875} and primary sedim_entary‘ structures (McDonald and Banerjee, 1871; Aan'(}g,
1972; Shaw, 1972, 1975; Saundérson, 1975). A wide range of sec;imentary structures
may be used lin palaeocurrent analysis (Selby, 1976). However, cross bedding and ripble
laminations are the most commonly used sedimentary structures (Potter and Pettijohn,

1963). Azimuth measurements of these structures usually demonstrate the former, flow

directions (Potter and Pettijohn, 1963).

Patgeocurrents were taken from a number of sediment exposures. Details of
b - . ; .

location and stratigraphy, as well as the cross—bedded layer thicféﬁess, the individual bed
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Figure 2.7  The grain size comparator used to describe the

approximate grain sizes within sedimentary units

g

Figure 2.8 The compqrofivé chart used to dpproximofe-
the degree of sorting within sedimentary units
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widths and the inclination of the beds, were recorded in order that this information might
be integrated at the interpretation stage. The inclinatibn of cross—beds is the angle

between the’:f,preset beds and the horizontal.

N

F

The identification of cross-bed types (tabular or trough), and measurement of their
_ azimuth direction, required that a horizontal shelf be cut into the section. The excavation
was done in a plane parallel to the boundary of the set at well defined cross—beds (Figure
2.9). Where the observed horizontal cross—stratification trace was straight (tabular
cross—bedding) orientation was takg;ﬁ at right angles to this trace in the direction of the dip
of the foreset beds (Figure 2.10). However, where the trate was curved (traugh”
cross—bedding) palaeocurr'er:tt‘direction was measured normal to tangents at turning points
of the traces (Shaw, 1975). Twenty-five measurements were made for each samele: The
data were then plotted on two—dimensi,onal rose di;grams. Because the preferred
azimuthual pattern was unimodal the aritﬁmétic mean was calculated for each sample. This

mean represents the direction of local flow.
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Figure 2.9 The horizontal shelf cut into the section reveals the
cross-stratification traces
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Figure 2.10  Palaeocurrent measurement
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3. MORAINIC LANDFORMS AND TILLS/.ISIA‘MICTONS

3.1 Introduction ‘ .
The term moraine was originally applied in the late eighteenth century to rubb/e

heaps observed in the French Alps (Lucas and Howarth, 1979). It was not until 1841,

{.i;;tu"»)vhen Charpentier introduced this term into the scientific literature, that it was accepted
RS

(German, 1968). By definition a moraine is a depositional landform consisting generally of

till, although stratified sediments may also be incorporated. The genéral term is now used

exclusively as a landform descriptive term.

3.1.1 Classification

Numerous researchers in glacial geomorphology have outlined classifications of
morainic landforms (e. g Chamberlm 1895: Prest, 1968; Price, 1973; Goldthwait, 1975;
Sugden and John, 976 Aario, 1977; Lucas and Howarth, 1979 Kurimo, 1980; Kemmis et

al., 1981). Thesa classifications are all mdrphbgenetic and thus certain assumptions are

implicit. It has ofte\~been assumed, with a logical basis, that two particular landforms with .

similar morpho x&axpressuons would share the same genes:s However, with improved
method‘”lf)gy and mcreased knowledge of glac:lal sedimentation more refmed

inter re‘ta‘tnjons of complex landform evolution are now possnb]e (Kurimo et a/., 1981). Noj:
Ionger\’c;qn the broad assumption be made that landforms of similar appearance share the
same genesis, even withiﬂn a small area. Realization of this point has complicated the

classification of morainic landforms. Therefore, the vast arrays of-actual sizes, shapes

. f" *
. and compositional materials are largely responsible for the muititude of names in the

. : - . s
literature for morainic landforms of somewhat similar appearances.

-
AanfiJo (1977, p. 98) suggested that "classification and termir 1y are primary

tools in geological communication, not an end in themsélvés", Yet, if precision of

description and interpretation‘iAs a goal, classification and standardized terminology are

necéssary. ".fhus criteria for landform recognition and description muét be select:ed. '

&
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R
These criteria include. h:/_""'\"\’ ' .
a - morphologic character le.g. rldge hummock ring fornaatxon plateau)
b. — dominant process(es) leading to the formatuon of the morainic landforms
(observed, mterpreted) )
c. - place of deposition relative to the ice margin {(marginal, supramarginal,

inframarginal) or relative to-ice lobes {interlobate, intralobate)

d ~ contact of the moraine with'glacier ice (active, inactive)

e. - position of deposition relative to the vertical ice division (superglacial, -
englacial, subglacial) .

f. - orientation of the morainic landforms relative to the direction of assumed ice
flow (parallel. transverse, obiique. non—directional) or the arrangement znd.
patterr f the features (grouped. iaolated, transitional)

g - sedimentological and structural characteristics of the compositional material

Because the classification of moraines embraces a vast literature a raview of selected

=Y , a
material, which is most relevant1 predominant landforms of the study area, follows.

3.2 Hummocky Moraine

- Hummdcky mdraine is a descriptive al% collective term for a broad range of
landforms (Table 3.1), many, of which display Iittle distinct pattern, orientation or uniform
morphology. Oftenreferred to as knob agd kett/e topography tracts of‘ these landforms
may have consuderable areal extent bemg located in former marginal or lnframargmal
areas. Itis almost certain that these landforms are polygenetlc and thus subduv:snon on the

basis of dominant formation processes is a logical means of dlfferentnatloh.
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may be mduced by topographnc condmons A topOgraphlc hlgh ma

J3 2.1 Formatlon Theories; A Critical Rewew " i A'}

There are five'basic formatlon theorigs for the dominant landforms typical of
hummocky moraine zones (Table 3.2} Aario ( 1977) suggested that hummocky moralne
should be subdivided ints hummocky d/smtegrar/on moraine, hummocky squeeZed up
moraine. ~nd: hummocky active ice moraine. However, other authors mlght want to
v expand this furtherto include-ice dnaplrlsm processesﬁ(e 9- Mmell l979) and pernglacual
processes le g Blk 1967 1968; 1969, Flemel. 1872 Seppala. ig72) Many authors '
have preferred to use combinations of the basic fol'matlon processes (e.g Gravenor and

psch 1958 Parxzek 1969 Minell, 1979) in order to approach an acceptable general

theory ¢ 'l“able 3. 2) In addltlon Kemmis et al., (198ll recognlzed that these landforms may

evolve v\hth time~ transgressnve cl}anges in processes

3211 The Le’t-Downa;Theo'ry

@

The let—=down theory proposed by Gra.venor (1955) has three r@quurements

u

marglnal stagnation of the ice mass w1despread dlstrlbutlon of varled superglac1al
£

» deposnts and dlfferentlal ablatlon of the underlylng lce The development of’an uneven

“4
“surface on the stagnant ice is essentlal'ahd th|s follows from the above requurements

JE . ) . . . R

Y . < ' s L
ice stagnatlon may occur’ as ce th?ns durmg amelnoratlon Alternatlvely stagnatron

S

f compnessuon and if not £ ollowed by large scale exten5|on debrrs bearung ice mayo

stagnate (Minell, 1879 Fmally stagnatlon need not be enn masse but rather, progressuve o

* v . &

. stagnatlon alonga narrow marglnal zone may occur because of lnsulatlng superglacial drift

. (Clayton, l,967l. : ' ~ ¥ : :

~ . . : ..

Central to the d:scussnon is the reqmrement for latge amo‘unts of superglamal

"'debras to be dlstrtbuted over the surfacein a heterogeneous manner. Gravenor {1955)

. assumed that thls consnderable thlckness was attanned strlctly through the ablatlonal

’ proceSS Several mechanlsms by WhICh superglacnal debrls wéis carried to the’ surface

~ from the basal areas of the ice mass prior 1S, or durmg the ablation of the ice mass have

been sugge‘sted Clayton (1964) and Boulton (1967) ‘noted that subglacnal debrls was

‘carried up to the surface along shear planes in actlve ice. Clayton (1967) expanded this

:‘«'
,/

A

-

A

e 0l
e

e
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‘ statement by suggesting that such thrustlng occurs rn zones of extreme compresswe

63

f|ow ‘BOulton {1967) noted that in zones of‘compressnve flow subglacial debrns frozen

onto the base of the glacier. is deluvered to the sur’face as. the flow lines turn upward at

the

frontal margln or the glacner The exposure of steeply d|pp|ng debris bands as gIaC|er ice

'\)-‘-‘

ablates has been observed by Boulton (1967} in the frontal stagnant zpne of Sorbreen
Spltsbergen The debris dykes, originally frozen thaw slowly and the material (because

its fl'uidity) spreads over the glacier surface and accumulates in hollows.
l i w

s

The essential, uneven surface conflguratlon lS predomunan‘zﬁy controh‘ed by
ST

of

dlfferentual ablation (Gravenor 1955) Differential ablAtuon ofice below a heterogeneous

debris la ger takes place as areas W|th a thlck mantle ablate much mo 2 slorvu'fﬂthan thoséﬂ '

4 Xy
“(‘1..‘ S Q\;

with a thin cover HenCe depressfems may form S|mp|y from an unequa{’ P AN

¥

'S

ertrlbunon Alternatwely depressnons may forth as' SUbglaCIaI caves collapse (Claytor? :

1964) by the formatuon of superglacsal thaw-}akes (Eyles? d1"979 )or'as tt{e résult of

mcreased rates of melting "'ong.crevpssés Whatever the creatjon p“’“i:eé’%ﬁes) these A

PERY O 5

5 <depressnohs once founed become c Ilect|0n areas into whlch' ad;acent materlals may

O A < o

v

' move by superglacnal wash (Gravenor 1955 or by ma‘ss movement accompanylng

backwastlng (Boulton 1967 Eylesﬁy1979) The ne\yly acquured debrls wrthm these plts

now Inhlblts the ‘melting of the supportnng ice and the hxgh areas, from Whlch the debrls

9"

.

L S
was removed become subject to’ |ncreased abla.tlon Thus, amnversnon process proceeds

ey

reston the underlymg %;:%und <. rface flf» :

i - .

rShould an ice-core remaln wtthm the mound durlng the fnnal stages of ablatnoh a

’

central depressnon may develop when this core eventually melts out Where such a central

depresslon exists a prairie mound usually results. Differential ablatuon in the ice mass,

partly mherlted from active ice structures (e g crevasses), may provnde condmons in which

contro//ed linear features may develop (Gravenor and Kupsch 1959 Clayton 1967)

¢ .0 . =g . . . ‘*

. - a e . .
LA
;

‘For example Bik (1969) noted that rldges formed by these processes should‘ be of lqw

., angle and elevation due to the fiu:d nature of ,the material. Bik (1969) also felt that -

The let— doevn theory has been criticized because ofa number of |ncon5|stenc|es

14

. Gravenor's (1955) hypothesis was unlikely because a specific set of climatic conditions,



’rather than goncentrate in a mound f

' Boujton[ 1972 A

N

_ plus critical thickness and albedo values for both the ice and debris cover, were essential

- 'v(’w

for rellef lnversnon to occur. Also, the relief inversion process should have happened

B repeatedly Furthermore if a number of invers ons did take place deBrls would dlstrlbute

0
£

The formation of tilt in terms of ... “ligfinversion hypothesis‘ s n/ Flhvolves

a redistribution of debris in the supergle environment and a passive, ki down
for deposition. However , Bnk {1969) and Seppala l1972l both noted that tlll id Aot strictly
exhibit these characterlstlcs Blk {1969) stated that till in the rims of prairie mounds he '
investigated was mdlstmgwshable from the preSUmably basal till in the intermound ‘
depressnons S&ppala (1972) commented on the ex:stence of distinct fabric maxima and
the presence of tlg'_htupacklng‘ in the till. Seppala‘(19_72) also pomtedlout that he could find

no evidence of wash structures in the forms that he examined. P

XS . ™
Ixs o

nil : Boulton (1972 1975, 1976 ), although not directing | hls comments to(wards W‘ﬁf

of the prevnous authors provuded solutlons to many of these apparent contradlctlons

’

d ‘that flow material may show dlstlnct orlentatlons |n fabrlc and an

absence of was ‘f tructures |f the related flow was slow Fabrlcs perpendlcular to the

'orlentatlon of. llnear let- down features mlght be ex@ected Boulton (1975 1976) also

suggested that secondary elrects/l,auch as desnccatnop,Jnay produce densntles and

o

- preconsoludatlon values in flow tlll slmnl‘ar to those of lodgement till. Flnally pralrle gl
A mounds formed completely of lacustrlne silts have been described (Mathews 1963l and

vthese could not possnbly have formed by the let- down mechanism.

3

*

¥321.2 The Ilce-press Theory

" A
. ‘»\) ’

" The subglacual ice—préss thegry was orlgmalry explained in detail by Hoppe (1952)
and expanded by Stalker (1900) Gravenor and Kupsch (1959 and Parizek (1969)
accepted the theory but recognlzed some inherent def:cuencnes and problems Stalker

ll960 p. 18) explained the ice— press process as foIIovJs e
" During deglacmuon crevasses and holes of ‘various types were present in the
base of the ice." At the same time the sub—ice material, génerally till but in.  » -
" places bedrock or other material, was sither not frozen or only partly frozen.
It also contained much water, commonly being completely saturat®d, and thus
“was in a highly plastic or a fluid condition. The-weight of ice on this plastic
“material pressed it towards the crevasses and holes, increasing the amount of



J
\0

e

random pebble orientations resulting from matenial falling or sliding into a crevasse or

71

material there while decreasnng the amount beneath the ice. In large holes most
of the pressed material came to rest around their margins and only a little near
the centre. When the ice finally melted the material that had been pressed into
the crevasses and holes:stood as ridges, whereas the places from which
material had-been pressed were low and commonly formed troughs and
dead—ice hollows alongside the ice—pressed ridges.”.

The sub-ice material must be either p‘ressed in below the ridge that is being

constructed, raising it bodily or by plaster .y over the surface of the ridge so increasing

.its height Theoretfcally, the ridge should have grown until the supply of piastic material
- was exhausted, the ice mar gin had melted back from the ridge. or the ridge form had

'reached an equmbrlum height with: respect to the physical pressure exerted (Stalk(‘er

- 1960) | i

The ice— pb‘bss theory was invoked in an attempt to explaln sor‘rre fundamental

internal characterlstlcs of till ridges within hummocky moraine zones Hoppe's (1952)

.

observations (in Sweden) of a compact till which was completely unsorted, with no

evidence of washlngL led tc} the conclusnon that it was a basal till. Thﬁ,deductlon was

e e

relterated by Stalfmt%g for S|m|lar forms in Alberta Hoppe l1952) stressed the
N 0

dlstmctlve till fabric exh'blted at various sectors wrthm gfge rudges%ng @xes of pebbles ‘

o

' were preferentnally orlented at, rlght angles to the long dlmenSIon of the rrdge Th|s

"‘.
suggested movement of till outward from the dead-—ice hollows towards, the rldges ThlS

\
marked preferred orlentatlon of coarse clasts was assumed to .be contrary to expected -

N4 . i

0

s

depression in the ice. Stalker (1960) extended these characteristics<to)include‘a

consistent association between the relief forms and dead—ice hollows. He also noted that

some water depo,suted sednments were assOcuated wntlp most of the ridges as elther

.

centre fillings or pockets within.the ridge materrals » T ‘ -

®
. .o R .
The c)onclusnon that” pressmg of till lnto crevasses and holes is the only process
¥

‘that could form rldges of basal, unsorted tifl wnth a regular qhentatnon of stones” (Stalkej,

1960 p. 19} has beén challenged with regardb} éach of the above diagnostic

- characterlstlcs Grsvenor and Kupsch ~1‘155359l were. the flrst to cntncuze Hoppe'sT1 952)

e .; sy gl

:,deductlons They suggesteqphat the compact nature of the il need not’ md;cate a

subglac:al origin of the landform as it could have been inherited from the original texture



A

-

(Boulton, 1972). Secondly. Hoppe s (1952) observed fabrics c_(‘p\t.ﬁld have resulted from
: - . ;A.

NS 72

and structure and preserved duru’ng slow melting and let~down. Boulton (1972) also

stated that two basic subdlvusronséof flow till may develop supraglacially; an upper, washed

Y

- and crudely stratified till (allochténous flow till) and a lower, masswe element which has not

been exposed to the atmosphere lparautochtonous flow till. Thus, this lower, buried, till .

does not undergo sorting, as Stalker {1960) suggested even durlng subsequent slow tlow

.

Jateral outward flow of the plastic material as debris moved down a stagnant ice block

surface | (Grave‘n'or and Kupsch, 1959).

lf the squeeze mechanlsm is to be accepted a numbeq of requnrements must be

met a SubglaCIaI cavutnes must open up and remaun open lohg enough to aIlow materlal

. o be squeezed in Iaterally from below. To maintain open basal cavutnes the
} ) S \v
-overlyingice must be thin or stagnant s0.as not to close them bytplastlc S
3 .‘~<

deformatlon Such cawty malptenance h\g?s' always been consudered a problem'

&

g %
as workers on subglacnal and englacial eskers explain. (see Shaw 1971 Shreve

1972) Subglacnal cavnty development results from enlargement of crevasses

i

reven Stalker l1960 p

‘.'\.H .

and/or meltwater channels (Stalker 1960) Ho " A

'\D
N

20) stated that " mdeed no process can be sugges

of large holes ... that were necessary for the fdt‘matlon of the large‘ raige
~ plateaux”.” : s
b The ice—press concept presupposes that hummocky moraine features were

mainly constructed by the weight of ice pressing on underlylng saturated
maternals Stalker (1960) calculated uslng simple densnty assocnatlons (Equatlon
3.1 of overlylng ice and subglacnal materlal that ice thlcknesses in tl(e
contlnental glacuers could have been sufficient to exert the pressure necessary
to raise material hlgh up‘lmo the basal cavities: - T

-

ice thickness x ice density, = till density x ridge height (Equation S(l)
1 : i PR -1 N C 1‘ . v )
"Q’ : - or ’ . ’ “‘ b - '

However this approach appeérs to be much too srmpllstnc The normal

1
e

‘_pressure exerted by the icé oh the flu1d materlal would be equa dlstrlbuted

and thus no_point pressure exerted. Some materlal would perably be

&



)
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e )
-

squeezed but, intuitively, it seems not to the extent Stalker (1960) suggested.
' The amount of squeezing would also decrease with time as miaterial thinned

beneath the i‘(":e sheet and the ridge grew. ' . .
R The ice= press theory may be.a pIausane explanatron of small r:dge features as - '

N
N

descrlbed by Hoppe (1952) ‘but many or|t|cusms haye been Ievelled agalnst it. Itisnot likely

{

\{‘
to expl&n all hummocky moraine Iandforms Stalker s (1960) exten5|on of theice—press

hypotheSIS to include Iarger landforms, such as morarhe plateaux is very questlonable

.l.

The occurrence of basal cavmes of such proportlon to contaln thes’e Iarge Iandforms

+ A [ 2

seems unlikely. Indeed Stalker*?$\960) stated that he could provrde no mechamsm for the

wm

develo ment and m lntenance of such large holes. Secondl the re uurement of a large,
P g V qL g

amount of highly p|ast|c basal mate‘r‘lal would demand a substantnal collectlon area and thus

b

" along dlstance of movement Th:rdly ice thlcknesses would need fo be very great to

enough to m

- of deglaciation. '

L)

# v

provnde the pressure‘_to drs;&lace the Iarge quantmes of materral Flnally if. the sub—’lce B

material was rea- d“rh« hlghly plastnc state and pressures were sngmflcant -

it would probah}y d;strlbutmtselfaqually wrthm the large
s ) . e . .
a rndge around the perlmeter e, “ 8 ‘jv T

v Kl

'ca;\f/‘ity: "insteag o.f\f

o e o
&

Even if all of the critical condmons were met whereby dense quasu plastlc or.

qund materlals were squeezed into ice-walled basal cavmes the probtem still remains to :

v\ “

account for the preservatuon of the form as the supportung and, pressure supplying ice

ablated around it Since meltwater from contlnued ablatlon should still rave been readnly ah s

avanlable the maternal would have had httle chance to dry and thus change its viscosi

¥

cohesnon Partrcularly where the squeezed maternal had been raised to a great height,

readjustment would have been-expected in, the form &f reverse flows durlng late stages

v * ' N
.
.

y Both Hoppe (1952) and Stalker (1960) suggested that continental ice was relatively
clean and that hu mocky moraine features were thus‘argely the result of squeeznng up
of subglacnal deI into basal cavjtles Howlever Weertman (1966) h\as suggested that
continental glacierkshould have contained thick zones of englacnal debris. This englacual
debrls may have moved into superglacial posutlons in zones of compreSSlve flow or

marglnal thrusting during active ice conditions. Also, following locatl ice stagnation, = -

B
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a- the contorted folded and faulted bedding of collapsed stream deposrts and

B

lake sedrments indicate that the deposits accumulated on stagnant ice. A slmllar

‘topography of; morainic deposits is evidence for agimilar formation moag@f

these features: collapse of sdpergla'cial till as the stagnant ioe melted.

b fhe superglacial debris insulated the underlying ice and thus buried ice persisted

" on the Missouri Coteau for at least 3,000 years. This long t[me‘—span is based
upon radiocarbon dates on organic materials and moliiTJscshells"- |
c. the mate@fals \Which were radiocarbon dated (spru&e trees molluscs etc.)
indicated that a temperate climate existed for those 3, OOO years. A
favourable, superglacial environment for these fauna and flora CQIU,IAd be

pr'dvided only if the buried ice was well insulated by a thick supergiacial ma'n_tle:'

¢ of debris.

) _disintegration rldges and dnsmtegratlon ridges superlmposed upon active-ice-features,

+ such as drumlins and flutings. These bbservatlons provnde addltlonal arguments agamst a

s
\"E\/ontamed wuthm»ﬁebrns bands. Also, Boult%% :

squeezing theory and favour a let-down of materlal wnth no disturbance of the underlying

ridge form.

> - Extrapolation of processes. observed on modern glaciers to Pleistocene glaciers is

‘ commf\‘on Bouiton (1967) stated that observatnons at the margin of Sorbreert,g?pnsbergen

deny the conditions under which plastic material could be forced up‘ nto basal cay t'es

Although the maternal at the base ¢ © the glacier may be wet itis E%:\ frozen when o

a;

:967 p. 722) translated work done by

Gripp {1928) on modern glaciers in Spitsbergen where he stated " nowhere, have we seen

subglacial ice~fjee moraine, or ground-moraine senso stricto . o |
/ . . AV . . N .

Bik (1967, 196’8} 969), a strong supporter of a periglacial“origir; for prai,rje

r3 o«

mounds presented several arguments against the ice—press theory. Bik-(1969; p. 99)
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stated that the ice—press theory " . explains neither the_hreaching of the rim nor the
central depression ofgty(:e mounds, both of which were found to be a part of thé parent
forms of present—day mounds ..". Furthermore. prarie mound fields often occur in
isolation and are not directly associated with other hummocky moraine featyres. It seems
unlik ely that the squeeze—up mechanism was responsible for their formation since a field
of only circular or oval—shaped cavities would have had to open up. Finally, the ice—press
theory can not be applied to prairie mounds composed completely of proglacial
sediments. For example, Mathews (1963) suggested that formation o th @pralrle
mounds must have occurred after the disappearance of glacier ice from their locatlon
because the mounds overlie and incorporate glaciolacustrine sediments (of GlaCial Lake

Peace).
32.1.3 The Active lce Theory

The term siummocky active /'ce moraine has been applied to some hummoclfy
‘ m,orame landforms For these landforms active ice processes aj\e essential, at least in the
mxtlal stages of formatian. Hoppe (1952 1957l included the Veikki moraine of 8weden in

thls class because shear planes were common in the related tills. He referred to the Veikki o

o moralne as. a mhummocky moraine landscape associated with active ice’. KUUjanSu (1967 _
Red

Aartolahtl 1974l mcluded the Pul;u moraine of the Finnish Lapland in this Class, Because a
. subglacial sqlieeze &rigin was 5uggested this moraine could have been mcluded ln sither

the hummocky squeezed-up moraine or hummocky active—ice moralr;e classes.

Lundguist (1969) discussed hummocky active—ice moraines in connection with

N

Rogen moralne landforms. This type, and lts Canadian Shield counterpart ~ r»bbed moraine.
{Bouchard, 1980) l}gs been given r%uch attention in Sweden, Finland and Canada Rogen .
moraine, a specnal Kype of transverse moraine, is of particular mterest in lignt of its

transntlonal assocnatlon with drumilins and f@tlngs {Aario, 1977 Shaw 1979) Lundqunst
'(1969) noted small-scale flutmgs superlmposed on Rogen mor::m\e surfaces and Bouchard
(1'980) showed that this could'be antncrputed Aario (1977, .p. 91) stated that ﬁogen
hummocks were compo;ed of "mainly basal t|ll although the upper'parts m:c‘:y be of ¢

ablation till. The layered rorizons with much sorted material are alsc comm0n. .,Shaw

(1979) explained that the ini=rnal structure of the ridges showed folded till bodies

v
A

~



dislocated by thrust planes. Pebble fabrics showed no preferred two~dimensional

“brientation, but the dip of the pebbles was found to be conformable to the tectonic
structure.
Ay i -

[N,

Although at Ieae:.tq ﬂpzen theories of origin emst for Rogen moraine (Bou%hg
19.80) some agreemer.!t"%an be seen’in fhe recent literature Of particular note is the
concept of their subglacnal formation by actjve ice in depressional areas of former
compressive or retarded*tow. This is illustrated by evidence of thrusting, folding and

vstacklng of debris (Minell, 1977 Shaw, 1978; Bouchard. 1980; Nlarkgren and LaSSlla

1980). Shaw (1979) and Bouchard (1980) noted that slow basal melt—out, followmg ice

stagnatnon ‘allowed explanatlon of the formatlon and preservatnon of discrete Iayers of

sorted sediment Iymg horlgontally and cross— cuttmg tectonic structures However

Bouchard (1880) st,ated‘that the permafrost requlrement, as set out by Shavv (1979), need.
" not be invoked. Other fac_tore such as the ,tnicknes_s of the overlying St‘a‘gnant ice and the

amount of debris in this ice could insulate the basal part from surface influences.

3.2.1.4 The Periglacial Theories

LRy ot
' Numerousq:oerlglacnal theorles have been used to explaln/fhe formatlon &nain- N

o
i

hummocky moraine features prairie mounds (Henderson 1952“)-"_"‘ e "s, 1963; Qik\
1967, 196’8 1969 Flemel 1976), elliptical hillocks (Flemel, 1972?%’%%@ etal., 197_3) and .-
circular, seml—cnrcular and elongate till ridges (Seppala, 1872). Other studies have dealt

with collapsed pingos, features which often are not easily differentiatedfrorﬂ landforms

created by glacial processes le.g. Watson and Watson, 1972; Flemel, 1976),

- The periglacial theories attempted to explain how/why morphOIogically identical
landforms, in close proxmuty developed on widely dlfferent parent' materials. ‘ITB < C’ Yy
glacigenic hypotheses were cpnsidered umprobabie and therefore deformat|on of a 5
pre— emstmg deposn was suggested (Blk 1869). Fmally morphologicallMIMIlar

r. )

collapsed pigo remnants (Seppala 1972 Watson and Watson, 19724, Several perlglacxab

""1

Iandforms partlcularrV/ those descrnbed in the European literature, have been shown to be

2l o
hypothesés are presented below. : . o ' B
. = 9” . . ’ -
. . F -
¢ 7~
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wedge theory Finally, no modern analogues exist for this hypothesis in wndespread

: elgyatnons»fqr the f/e/dstthemselvess c . _ T

lce Wedge/Hypothesis:

Henderson (196'“ lnvoke(‘(ﬂ pél lglamal origin for prairie mounds in the‘Sturgeon
‘Q.

Lake area, Alberta. The p%dpdseq;ﬁechanlsm required that the centres of glant ice wetige

polygons be bulged upwards in re§ponse to Iateral pressures exerted by the growth of |

-

the wedges Within the raised, central portuon of each polygon acore of segregated ice

developed- lThe gentral depression of the prairie mound evolved later as this ice core

melted, breaches in the rim allowing the water to drain away.

This hypothesig Ras been rejected both by proponents of glacial theories and other

periglacial theories. Grav«. or (1853) pointed out that the theory was improbable from the

stahdpoint of the size requirements of the ice wedges and that evidence of ice wedging IS

tacking i‘nmmany areas of hummocky moraine. l\/lathews (1963) stated. that this hypothesis

will not explain the occurrence of isolated mounds. Bik (1969) stated that the djstribution

of prairie mounds tends to be random and'not equidistant as req‘uisite‘to the theory. r Aiso

« sharing of mound rims and composlte mounds clearly cannot be explalned by this |cen v

permafrost environments. © .. ,
i . - . . X ;\4
COIIapsed Pingo Hy_potheses: , o G
&, Lo )_,Q\f} . . R )

Mai‘hews (1963) Blk (1967 1968, 1969) Flemel (1972), Seppala {1972) and

Flemel é?é/ (1873) have all mvoked a mod’\fled collapsed plngo mechanlsm for pralrue

| mounds Mathews (1963, p. 18) suggested that the development of pralrle mounds

composed of Gl%cnal Lake Peace sediments near Fort St. John, British Columbia, i v 4

possubly involved displacement of water saturated soil, rather than water
alone, during the development of permafrost, and timgt this soil moved at depth
towards points of potential rupture, where permafriost was thinnest, as for
example beneath the center ot shallow ponds™. _ S © . @
The mechanlsm of mouhdlng by segregation of an ice core not fonly accounts for the‘
O .’—

) varlgty é} parent materlals the characterlstlc central depress»on and rlm breaches but it-

also explains the. dlstrlbutlon of rnounds w1th|n a //e/d and the apparent control of
e Ty L =

P

P4

S o . ~ .

W
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the meunds studted by Bik (1968) as low, as was the plasticity index. Thus rather hlgh

-

Bik (1969). in a detailed comparison of 'collap‘sed pingos in Europe and prairie
mounds in southern Alberta, suggested that a number of similarities exist in their forms.
Because of this similarity, and the array of materials which cpmprise prairie mounds, a
similar methanism was suggested. Bik (1969) outlined aclosed syste’m method of
formation where mobile, saturated material was sandwiched between an-aggrading
permafrost layer and a subsurface fossil permafrost layer or bedrock surface. ‘As
pressure ‘increased ‘with the developing permafrost, an eruption of this supersaturated
material ocwrred as it flowed into areas of low stress. This mechanism is therefore
somewhat comparable to the ice—press mechanism, but involves ground ice rather than
glacial »gfe stresses These eruptnon sites presumably occurred: at points of weakness in

the agglsadlng ‘permafrost layer, usually in depressions. Beneath the rr‘lound (where.the

erupthn had occurred) the release of pressure allowed water to freeze and the

‘at‘:centuated the crack by dramage leaving the commonly breached form. O

P T
'

This mechanism has several requirements. Bik l1969 p. 104) went to greatam‘

1L>.'

‘Ienaths to answer the follownng questlons that he himself had posed Cor l\
' oy '
a "Can till be dnsplaced below the surfacé’under an aggradlng permafrost layer

as suggested by Mathews (1963) for lacustrine dep05|ts7
' b. Can discrete ice cores be segregated |n tlll7 l
T C What controls the distribution of prairie mound fields, Wthh ‘appear to be of

limited vertical and rather unlimited lateral extent?”

N

Displacement of’tlll is essential to the hypcﬁwesls as ap excess of, materlal was
noted in pralrle mound rims. This contrasts to observatlons on European collapsed plngos
&,
the central dgpressuon The excess mat_erxal in prairie mound rims was'itherefore assumed

to have orlgmated in the mtermound depre55|ons The hguud limit of the till sampled from

"mobllzty under saturated or supersaturated condmons rmght be expected (Bik, 1969Y He

& W ~
“ - “\ . . . ‘ - .

;}‘;.;:?’ C C em®

,“l

. ’;:’. .

’where the volume, of mater?l in their rings walls was approxnmately equal to the volume of ‘

'y
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drew examples from collapsed pingos in Europe to show the wide range. of materials,
iné:luding till, in which they formed. Using this as evidence Bik (1969, p. 110) stated that

. though permeability of till on which the mounds formed is undoubtedly low,
this does not in itself exclude an explanatlon of prairie mounds as resulting
from some form of pingo formation ...

The forces-that formed the profrusuon in the mound o“evelopment were derived

‘ E

from the process.of permafrost. aggradation. Bik (1969) suggested that, where the |n|t|al
_landscape was undulatlng permafrost development proceeded much more quuckly over
" initiatly high areas. Thus the development of the mounds would occur in depressuons with

till displacement dlrected towards pomts rather than lines of weakness in the frozen layer.
p)
Continued subsurface dlsplacement as permafrost aggradation progressed would ’
Qu
eventually lead to rellef mversnon Beneath the aggrading permafrost layer a segregated

ice core would develop Ice segregatlon would start earher afff persist longer below the

depressmns that’vgeneatht:the convexma of the initial. rellef (Bll_g_JBSQt/Thls is due to

‘/\t e )
' greater porewater pressure gradlents towards the penetratung frost below the initial

‘ QT"._ L ' Sy - Ca
depressnons.u w - T B e

L

The point relatlng to pralrle mound dlstrlbutlons is mterestlng Blk (1969) noted

that wnthm western Canada mound flelds are controlled features in terms of elevatlon

of this for development are tvyofold I}%&e avallabllny of mmsturue).ﬁhd the possnblhty of a
‘closed system belng developed must have been controlled toa fbrge extent by elevatlon
Establlshment of the relict: permafrost was probablv r;rlor to the proglacnal Iake °
: rect result of cllmatlc) Img (Blk, 1969).. Inundatlon of areas with

-

Iakes receded re— establlshmem of permafrost in the shore zones.

sl - . ,
would set up the c;ondltlons hecessary for closed system development "This is- no\ﬁnllke

Mackay s (1979) hypothetlcal sequence of- events for closed sysfem pmgo dey‘elopgnent .

v I

Mo .u"._r, e

-on the Mackenme Delta Northwest Terrltorles ’

* ‘ ¢ T L
- . PN \\ . ,:,, ’

Bxk s (1967 1968 1969) theory has much merlt for those pralrue mounds "

qccurrmg in fields Wthh are lsolated and not ln close a,srsocuatlon with other hu(nmoqky

\ . ] . N .
MJ . . ) *;)Z,ﬂ,».w, Co
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immegately followrng the partial drainage of the glacual lakes in western Canada.

TR
&
-

- the ice lens; and continued artesran force “from below ied tq.the development of passages

' preferentially,in poorly drained basuns which were particularly donducweito permafrost

" by the rigid permafrcist Iayer which uckled upv

. 8”d hydrostatic pressure development (Seppala 1!972) / N S

80

‘moraine features. Certain requirements of the theory, such as relict permafrost (or ' \

bedrock) and aggrading permafrost sandwiching a supersaturated layer, are critical and e
perhaps hard to attain Bik (1969) explained that the availability* ‘of an unfrozen
supersaturated Iayer below an aggrading permafrost was a winter condition Subsurface
displacement of materials towards areas of’ weakness in the frozen overburden was '

considered to be a summer condition. However the theory requires that these conditions

be: metat_tne same Lm_e Finally there is little ev1dence for permafrost aggradation

3y
& . \
Fiemel (1972) offered a similar mechanism for the formation of the De Kalb
mounds of north—central IllinO|s but in this case an open system pingo analogy was

suggested He' stated that these mounds ‘formed in ciosg! proxumity to the former glacier

margin Flemel (1972) made the assumption that permafrosthad initially developed along - ' 3

the margin of the ice sheet. The ice sheet promoted groundwater flow from beneath the |

-
_:%nt upon the degree of ice meltlng

glacier Yoward?s‘ the margin and this flow wasid :

and the hydraulic h/ead created by the glacier. ProglaCially this groundwater was confined

b"’ rds at pomts of weakness as the

‘

hydrostatic pressure mcreased ZOnes of weakness may have Qccurred under shallow o
pools of water At this stage the buﬁge could havg ruptured or more probably the S
groundwater froze to produce an ice lens as pressTire was released Surficial mel’ting of |
through which both water and material could be ejected Successuve bccretion of material
resuited.in the development of“mounds Transfer of materials from beneath the mounds

into the ponds produced some subsndence of the subJacent ground surface ln the flhal

1

_ stages Circular mound of sediments remalned with erﬂce core ’E}lentual melting of the

. I . Yo X l .
core left the prairie mound form — oW

. . S 2 . .
Feo g PRV

i Seppala (1972) descril;ye'd till mounds in the F*innish Lapla .ds and }attribut%d their “-‘.; v I

v, . o

<

formation to the: collapsevof open system pingos - Irr Lapland t ese pingos formed
k\

! 7 R 4

. . ) ‘\ . : b / e Tl - I -
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3.2.1.5 The Ice Diapirism Theory

This newest theory (Minell, 1979) is based on experlmental results of Ramberg

(1967) and Berner etal., (1972) Minell (1979) suggested that pralrve mound and moraine

plateau formatuon could be explained as the doming of material, or as the rising of dykes

of relatively clean ice between blocks of 'till by diapirism. Central to the diapirism theory is

*the unstable condition whereby strata consisting of lighter layers (clean ice) are overlain by

denser, heavier layers (debris—rich bands). Given this condition the lighter layer will move
upward, taking on a dome form, and the -heavier layer will sink (Ramberg, 1967). Ramberg
(1967) in model experiments showed that, with a unifokm‘overbufden thickness, the

thickness of the underlying material détermined the scale and spacing of doming. Further,

dif ferences in density and viscosity between the two layers will influence the scale of
; ) p

~ doming (Berner et a/., 1972; Minell, 1979). The ultimate form of the dome is dependent

upon the viscosity differences between the two layers (Berner et a/., 1972). If the

'coverlng layer has a much lower vnscosnty than the underlymg layer the growing domes will

!

become broader while the sinking, softer medium will form thin narrow basins, and vice
v
versa (Minsali, 1979). He stated that for this unstable condition to occur large amounts of

englacial or superglacnal debris over relatively clean ice must be explained. He suggested

that compressive flow, due to retarded ice movement over a topograph|c high, could

~

provide the material accumulation in the upper parts of the ice mass.

To explain the formation of prairie mounds and moraine plateaux Minell (1979)
suggested that two forms of diapiric structures might occur. Simple diapiric domidg
through material could be implied for the smaller forrﬁs or, a block of overburden could be
held between two clean—ice diapirs. As the containing ice walls melted and collapsed a

block of till would remain.

Although diapiric structures are well document\ed (e.g.l salt domes) and diapiric
theory has considerable geotechnical support, the optimum cc :diwons necessary for
extrapolation into the glacial ice/debris mixture realm seem unliv.e.y. Wdile it is certainly
possible that an isolated diapir may form, the critical eondition of a continuous, high
density man}le of debris on the glacier surface is unlikely, especially in light of work done
by Boultoﬁ (1972),wht stated that an irregular debris distribution is the rule. Minell (19.'79),

7
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agreed that many hummocky moraine-features. in the vicinity of the moraine plateaux
which he described, developed pr\imarily through ablation, but he should notfhave
suggested that this diapiric model could explain features so closely related in space. Even
if the situation existed where all of the critical conditions were met for diapirism, on the
scale Minell (1979) suggested, it is difficult to apply a model which uses two?'dirpensional

wavelengths between the two adjacent diapirs to circular forms. .

..
\

3.3 Morainic Landforms and Tills/Diamictons‘of the Study Area; Observations and

interpretations

3.3.1 Introduction
Aerial photograph intgrpretation and field reconnz;issance disclosed a variety of
morainic landforms, each char‘ékc\:‘teris‘tic of hummocky moraine tracts. Humn%ocks, ridges
and prairie mounds (with associated intervening depressions) dominate the physiographic
- setting. Analyses of the sedimentology and structure of these deposits helped determine
"their genesis and the nature of the late glacial environment. Recent road construcﬁon
opened—up exposQres through these landforms (Figure 3.1). When the sediments were

not exposed their interpretation was based on drill logs (Figure 3.1).

3.3.2 Hummocks \
The stratigraphy of several hummocks (see Table 3.1} was examined. Although all

of these hummocks appeared to be morphologically similar, their deposité varie‘d

- substantially.. Three morphologically typical, yet sedimentologically and structurally -
different, hummocks were selected for discuéslon. The three hummocks are located
aléng the east boundary of Elk Island National Park}(Figure 3.1). The first two exposures

. aré found within zdjacent hummocks, separated by\‘/a depression. The third lies about 2.5
kilometres north and is situated at a higher elevatip{w (Figure 3.2). A fourth hummock,
located immediately south of Astotin Lake, (Fi.gure 3.1) was investigated via a' drill log.

Here, a complete vertical sequence from surface to bedrock was obtained. These four

hummocks are described in detail and their genesis interpreted.



Figure 3.1 The locations of morainic landform /till sediment
sites examined within the study area
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3.3.2.1 Shell Hummock (H~-RC-8) .

This hummock is so—ﬁamed because shells were found dispersed within laminated
A\ sediments and diamicton. The exposure is aligned north—south and has an east-facing
aspect. The sectioh is 112 metres long with a height of 2.8 metres along the éentral part
(Figure 3.3). fhe section height was artificially created by road construction. To the north
and south long slopes lead inté deep deprgssions. The section no longer exists.
- , ) ‘

Observations and In;erpretati?s of the Sediment Unit Characteristics:

Three major units are exposed within the section (Figure 3.3). Two diamicton units
comprise the majority of the section. However, a unit of finely laminated silt and clay also
occurs and is most important for the interpretation of landform genesis.

. :

Unit B; Laminated silt and clay:

The internal character of this section is "highlighted” by a more—or—less continuous
band of parallel-laminated silt and clay (Figure 3.4). The band has a variable thickness,
averaging 40 centimetres {Figure 3.3). The occurrence of laminated, fine—grained, -
§ediments enclo?%c‘_i;in diamicton, and situated within the central zone of hummocks, is
common in the a;‘gé. Similar sediments are found within hummocks H-RC-6,9,10,11 and

12 (Figure 3.1).

The sub—horizontal band, although intact through its central part, splays at both.
ends. 'On sither side of the hinge points individual beds are persistent and easily traced
(Figure 3.3b). Deformations, restricted to some beds, are.also noted within‘the band

“{Figure 3.3a.

This unit contained an array of freshwater flora and fauna. The palaeoenvironiment
was obviously suitable for their colonizatio;’\. A sample of freshWate_r shells was removed
from this unit (Figure 3.3). Two gastropod species (Gyraulus parvus [Say] and Lynmaea
stagnal/s) and a bivalve species (P/sidium sb.) wéré identified by the author. All three
species are known to inhabit cool-water environments and have been previously identified

in superglacial pond sediments within the Cooking Lake moraine (Emerson, 1983). Part of
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this shell sample was sent to the Saskatchewan Research Council for radiocarbon dating

A date of 10.825 + 240 years BP [S-2085) was obtained.

The unit of laminated silt and Clay 1s interpreted as pond sediments which
accumulated in a superglacial depression. Freshwate.r fauna and flora flourished. Normal
. fine-grained sedimentation was disrupted in several instances by pulses of debris
introduced into the pond, probably by mass movement. These peneconter’ﬁporar)eous
deformations are expresSed two. ways; first, by the contortion. incorporation and mixing
of the laminated sediments into the debris flow {Figure 3.3a), and secondly. by the

temporary inter'ruptlon of pond sedimentation without déforming the underlying sediments

(Figure 3.3b)

Units A and C; Diamicton:

The contact between the two diamicton units is unclear. Both units are
matrix—dominated with widely dispersed pebbles and small cobbles. Within each unit v
. ’ . \
granite/gneiss clasts are angular while the quartzites are subrounded; striations and pits are

absent. Both units have a low degree of consolidation.

However, closer inspection reveals subtlle differences between the twc
diémictons. The éolour {tight brown) and the te>.<t‘ure (sandy—silt) of unit A’s matrix diffgr
from those of unit C (gre;/—bro.wn; clay-silt)h. Unit A has a ‘faint laminated structure with
many inclusions of grey, massive silts and finely-laminated clays. In contrast, uﬁit Cis
" massive with only rare occurrences of horizontal sand stringers. In addition, compléte

shells are found scattered throughout unit A.

Four samples of pebble fabrics were measured within the diamictons (Figure.3.3).
The fabric results indicate a wide variability of between—site and within—site preferred-
orientations. The strengths of the preferred orientations for samples 1, 2 and 3 (Figure
3.3) are relatively weak (S1=051, 0.55 énd 0.56 respectively) whereas sample 4 has an
| extremely weal; orientation (S1=0.47). These results are not inconsistenf with the
interpreted mechanism of debris flows which probabfy entered the depression from many

directions. The degree of saturation for each flow was presumabjy different, overlapping
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and mixing relationships during resedimentation being anticipated. Some

post-depositional readjustment would also be expected.

[y

The diamicton units are both interpreted as sediment flow diamicton. The
presence of deformed inclusions of pond sediments, and complete shelis within unit A, .
indicate that debris entering the pond reworked the pre—existing sediments. Unit A is
therefore assumed to be a subaqueous sediment flow diamicton. Unit C is interprefed as a
subaerial sediment flow diamicton which entered the depression during the later stages of

_the hummock formation.

>

Hummock Genesis:

-

A relief inversion, let—-down hypothesis ié applied to the formation of this
hummock. Se\/efal stages of development aré depicted in Figure 3.5.
Phase 1; The initial phase in the hummock fprmation is represented by thaw pond
* depressions on the stagnant glacier surface. This unstable phase was preceded by a
period of more stable conditions when the debris cover was continucgus, protecting the
ice core from top melting. “Once the thaw ponds formed the uneven surface topography
was accentuated and superglécial mass movement commenced.
Phase 2. In phase 2 mass movement into the pond contorted and encorporéted the
pre—existing pond sediments. The debris flows during this stage originated from a high
elevation and flowed en masse in a confined situation. Due to the velocity and confined
nature the debris flows were'cap_able of distorting the pond sediments. Following these
debris flows normal pond sedimentation continued.
Phase 3: Figure 3.5¢ illustrates that the pond'bec.:ame enlarged and the relief difference
between the pond and the ice/sediment surface decreased. A second stage of mass
moVement ensued. During this time, reduced slope angies and longer travel distances
caused the viscous mass to only temporarily disrupt pond sedimentation without disturbing
the pre—existing sediments. Normal pond sedimentation followed.
Ehas_ed_:Debris flows had now infilled the pond. The surface tobography was élmost level
with large blocks of ice remaining at the perimeter.

Eﬁa_aeﬁWith relief inversion the pond sediments and flow deposits, which originally filled
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Phase |, Start:

Thaw pond degressions form on the
surface of the siignant ice. Thi
occentuates the uneven surloce
topography and promotes mass
movement nto the pond

B - :
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Phase 2: Y

' N
Mass movement it the pond i .
contorts and.encorpbedtes the N
pre-exshing pond iediments, , ~1

N e

Phase 3:

The pond hos enlarged and o second
stoge of mass movement only
temporanly disrupts the pond
sedimentahon.

Phase 4:

Debris flows have infilled the pond.
Large blocks of buried ice remain
around the perimeter of the pond.

Phase 5, Final Configuration:

The relief has been inverted, leaving
the pond ond diomicton flow
sediments upstanding. The buried ice
at the petimeter has melted leaving
depressions.
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the depressions, became upstanding. Final melting of the ice cores left the intervening

depressions. - e )

H

3322 Folded Sediments Hummock (H-RC-7)

This section is aligned north—south and has an east-facing aspect. Itis 108 metres
fong with a re|‘atively4 constant height of 1.8 metres along the centrat segrnent. This section '
was also ’artificially created by road construction (Figure 3.6). To the north and .'.south the
hummock slopes grade steeply into deep depressions. This.section no longer exists.

e R Y

Observations and Interpretations of the Sediment Unit Characteristics:

Three major units occur within the section {Figure 3.6). The most prominent is a

large folded untt of bedded gravel, sand. silt and clay (Figure 3.7). This unit is surrounded

by a relatlvely thln yet cgntinuous, unlt of sulty clay dlamlcton (Unit B). A diamicton (Unit C)

with sorted and strata ied sediment inclusions comprlses the remainder of the hummock
section. '

“Unit A; Folded gravel, sand, silt and clay:

A detailed sketch of this unit is given.in Figure 3.6a. The sedimentary sequence |
generally shows fining upward but a gravel bed caps the seq.uence. This block of
unlithified sediments has been both folded and faulted. Individual beds can be traced
around the fold, although they are lnterrupted by a major fault which dlps atan angle of
59° to the south. The throw of the normal fault is 30 centimetres. Numerous small faults
are apparent within individual beds. Of partxcular interest is the contrast in clast lithologies
between this unit and thg enclosung dlamlcton A vnsual appralsal of the gravel lithologies ‘
wnthln this block revealed a dommance @-f.quartznes (ap,proxnmatety 80:20

quartzite:crystalline ratio). The enclosing diamicton has predominantly crystalline clasts.

| The block is interpreted as fluvial/glaciofiuvial sediments which had been
- previously quarrjed and incorporated into the glacier ice ‘most probably in, a frozen state.
The blogk was subsequently folded during transport The faulting probably occurred.

post deposmonally as the debris~rich ice melted out around it
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o .
Unit B; Diamicton: >

e
'
»
3

This silt.y—clay diamicton unit encloses the block of sorted sediments. The contact
between units A and B is wavy (Figure 3.6a). The clasts are very angular and preddrﬁinaptly
granites and gneisses. A vertical joint structure is apparent in this diamicton _Thiéf unit,is

interpreted as melt-out till, deposited from the debris—rich ice which transported th&"

unlithified block. o

Unit C: Diamicton:

Unit C ;ep‘fesents the major part of {He hummock. This silty—clay dlami'cton 7‘-;
contains' frequent, divbping and contorted inélu'sions of laminated sediments.. These |
inclusions vary in textu.re, most being fine—grained and containing white fibrous material
and shells, - The dip of some inclusion’s conforms to the dip of units A and B. In the n6rtH\
part of the hummock the mclusmns generally dip north and in the south they generally dnp
south. High angle dips were recorded to the south (almost vertical) (chure 3.8) and lower

angle dips { 25°-35°) to the north. : . 5

The inclusions of Iammated ‘sediments are mterpreted as dusplaced fragments of
pond sedlments The diamicton is mterpreted as a sediment flow diamicton, at times
subaqueous, and at other times subaerial, dependent upon.the presencq/absence-of .

incorporated pond sediments. It was impossible to differentiate subaerial and subaqueous

<]

units and/or phases of superglacial mass movement &

Hummock Genesis:

The genesis of this hummock was mterprcted from stratigraphic, sedlmentologlc
and structural evidence. In this hummock both Iower ice deposnts (unlts A and B) and

superglacial deposits_ {unit C) are proposed. _é ' - s

The block of stratlfled sediments (unit A), which contams both Rocky
. Mountam derived and Canadian Shield—derived gravels, is definitely not an mcorporated
block of preglacial Saskatchewan Gravels and Sands (Stalker, 1968). On the-other ha_r)d, as-

the surrounding till contains more abundant Shield clasts and the sorted gravels are °
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Figdfe 3.7 The folded sediments (Unit A) in the central
part of hummock H-RC-7 . '

Figure 3.8

A vertically . dipping
lacustrine sediments
inclusion in the .
Southefn flank of.

hummock H-RC-7
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dominated by quar‘tzites, the'latter sediments are unlikely to be /n s/tu stratified deposits
which accumulated in é subglacial tunnel. Further, the sedimentary sequence (with gravels
resting on fine~grained sediments} is characteristic of unconfined alluvial deposition not ‘ '
found in confined subglacial tunnels.“ Consequently, it is suggested that the sediments are
of fluvial or glacioflu\/ial origin, a block of which was incorporated by over-riding ice.
The source-area of this block was probably to the northeast. The sediments may have
been dé’posit‘ed prior to the last glacier advance by an east flowing river, possibly the

. ancestral North Saskatchewan. This river must have flowed from the Rocky Mountain
“area, and through previously deposited Laurentide glacigenic sediments, to produce the
lithologic mi x' characteristic of the block sediments. - The block may have been folded in
glacier transport with good preservation of tHe primary internal sedimentary structure.
Further folding may have been accomplished as the block was eventually deposited. .
Faulting within the block occurred a§ the enclosing debris—rich ice melted out. The

debris—rich ice, once all the interstial ice had melted, became the melt~out till of unit B.

Differential ablation in the upper ice allowed shallow depressions to form; in which
ponds developed and molluscs thrived. Following this stage two possibilities exist for
hummock formation. The first is similar to that interpreted for hummock H-RC-8 (see
Figure 3.5). However, in this 6ase the superglacial pond sediments were much morel |
disturbed by mass movement and thus are found only as f;'agmented inclusions within the /
diamicton. With differential let-down and relief inversion these inclusions were left ‘\

- dipping in nearly vertical and symmetrical cbonfigurations. The 's_ec’ond possibility is that
this hummock represents an abbrted pingo. As the superglacial ponds drained permafrost
may hzve acgraded into their sediments. 'Ilhe sands and gravels of unit A would have been
an,ideal aquifer where segregated ice could develop. The growth of the pingo may have
terminated with a change in drainagé locally, therefore reducing the water supply to the

’ érowing ice core. Hence injection rather than dra;ging {with differential melt—out) }11ay

explain thekfolding of the sand and gravel unit, as well as the symmetrical dips of the pond

sediment inclusions.
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/8‘.3.2.3 Radio Tower Hummock (H-RC-5)

li X - M

o This section is cut in a north—south orientation and has a west-facing aspect.
' Sixty metres long, with a maximum height of 4.3 metres, it has a symmetrical hummocky
"appearance. Unlike the previously described hummocks it is more isolated and is not

flanked by deep depressions.

Observations and Interpretations of the Sediment Unit Characteristics:

-Three major units are differentiated on the basis of colour, clast frequency,
degree of compaction and, particularly, structure. The contacts between these units are
most easily recognized in the southern end of the section. A fourth, very thin unit drapes

the entire hummock (Figure 3.9).

Unit A; Diamicton:
~!

This lowermost diamicton has a yellow—brown, silty—clay matrix with infrequent
angular clasts ranging in size from small pebbles to large boulders. Charzcteristic of this.
unit is the fréquent occurrence of small lenses of stratified sediments (Figure 3.9a). The

structure of this highly indurated diamicton is blocky.

The diamicton is interpreted as till; its formation attributed to subglacial melt—-out
processes. Deposition by lodgement is precluded as the formation and preservétion of
the pr;mary structure, with assdciated stratified lenses, is incompatible with Iayer by layer
accretion or p/astering on processes. The sub—horizontal lenses of sorted sediments
were probably formed synchronously with melt—out within the isothermal basal layers of
the ice. Slow basal melt—out, with geothermal heat causing melting. occurs when the’
superglacial debris cover, once equal to the thickness of the active layer, inhibits ablation
in the upper parts of the buried ice. Small cavities are expected to develop within the
melting ice layers. Lamlnated sediment lenses would result from deposition of sorted
materials within these cavities (Shaw, 1979). Only small lenses of sorted material are

expected as the bulk of the water is excavated instantaneously {Boulton, 1970b).

v
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Preservation of the englacial structuré (with disturbance due only to readjustment
as the interstitial ice melts out) is predicted. Although till fabrics A1 and A2 have relatively
high strengths of preferred orientation (S1=0.59 and 0.64 respectively), the orientation of
the principal eigenvector in both cases is at variance with the assumed ice flow direction.
These two fabrics, as well as fabric A3, showing a high dispersion of clast orientations,
may indicate a zone of reworking associated with subsidence and/or\,:sli-ding of the |
overlying sediments (Shaw, 1982} ' Englacial material which is let do'w\n onto still
underconsolidated diamicton will also cause differential loading The preferred dip of the
lenses toward the central portion of the hummock is evidence of this loading and ‘
differential subsidence Further, lens C is drag—faulted. Fabric A3. a girdle fabric, is
closer to the zone of possible sliding of the overlying unit B deposits and thus shows an

even lower S1 value.
<

Unit B; Diamicton:

Unit B has a dark grey, moderately compact silty~clay matrix. Pebble-sized,
subrounded clasts of mixed lithologies are frequent. The unit has good columnar jointing,
joint spacing beihg approximately 1 centimetre. The joints are curvilinear and isoclinal

(Figure 3.10). .

The interpretation of unit B is more problematical as direct evidencg for formation
by melt—out or superglacial flow is lacking. The good columnar stfuctur\e indicates a high
clay content and/or deposition and dewatering in‘the absence of great ver\i“ic\atb\(essure.
Unit B may be interpreted as ab/ation melt-out till, with a heat source from the icé §Urfage.
It may have been lowered onto the basal melt—out till of unit A. Alternatively, this unit a
could be interpreted as a parautochtonous flow till; described by Boulton (1876) asa
subdivision of flow till which has never been exposed subaerially and thus remains

massive. ' \
Unit C; Diamicton:

{

Unit C has a dark brown, silty-clay matrix, the degree of cor%'xpaction baqu very

low. Coarse clasts are highly dispersed.and/infrequent. The structure has a distinctive
. N »
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laminated appearance. This unit is interpreted as a subaerial sediment flow"diamié;on, .
“analogous to Boulton's (1876) a//ochtonous subdivision of flow till The lamination is
mhe'rit(ed from the mass movement proc,ésses in the superglagial environment and Is nhot

related to the glacier ice source. o

Unit D; Silt drape: 7 Co !

A very thln veneer ( 30 centimetres) of massive. well sorte;d grey—white silt

drapes the entire landform. This unitis mterpreted as an aeolian deposnt laid down after

the deposition of the glacigenic sednments;-

Hummock Genesis: . L .

The hummock sits on top of a bedrock high and is located abéut two kilometres
southwest of the northwest—éoutheast' trending es.carpment (FigurF 1.4). ice flow
direction is assumed to have been .from the northeast. As the ice sheet encountered this
obétruction in the bed it locally developedcompressive flows. The upward éomponent of
flow during compression transported much debris from thé englacial position to the

glacier surface (Figure 3.11; Phase 1).

‘e

‘With climatic amelioration during deglaciation this area acquired a hummocky
surfaqe due to differential ablation and/or increased concentrations of material where
" outcropping debris bands reached the surface (Figure 3.1 1, Phase 2). Ablation of the
upper surface of the buried stagnant ice was inhibited by the‘thick superglacial debris
cover. Geothermal heat provided the only heat soﬁrce for slow undermelt and the

formation of the basal melt—out till and associated sorted lenses (unit A).
. j
With continued basal melting the hu~—mocky surface configuration was

accentuated. Slumping and sliding of the sy, -.al debris expdsed the upper-surface
of the buried ice. The surface heat sour = al- e ablation melt—out till, or

parautochtonous flow till {unit B),. té form A~s: ontinued and unit B thickened the
material was lowered or slumped onto 12 still .=« -~=zolidate < pasal m.zlt—out till, thus

distorting the previously formed, horizontal, strau .. ~=2c & . primary englacial
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compressive flow lines

: o ® .

4

N horizontal strotified sediment lenses

B

basal melt-out till

buried stognant ice

basal mek-out till

hummock

lotigement till contoried stratified sediment lenses
em )

’ Phase 1, Start

As the southwest flowing ice sheet encountered
the bedrock escarpment it locally developed
compressive flow. The upward component

of How delivered much debris to the glacier

surfoce.

Phase 2 (with change of scale)

During deglaciation the area acquired a hummocky
surface with a variable thickness of superglocial i
debris. Geothermal heat provided the only heat
source for slow undermelt and the formation of

basal melt-out till with associated sorted sediment
lenses (Unit A).

Phase 3

With continued undermell the hummocky surface
was accentuated. Slumping ond sliding of the
superglacial debris exposed the upper surfoce of
the buried ice allowing oblation melt-out till (Unit B)

to form.

Phase 4, Final Configuration

The superglaciol environment continued to be active,

" and debris flowed in all directions. With final

melting of the buried ice o hummock developed.
covered and flanked by sediment flow diamicton
(Unit C). _ . '

Figure 3.11 The interpreted let-down genesis of “Radio Tower Hummock” (H-RC-5)
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structure.

£
The superglacial environment continued to be active. The upper diamicton (unit C),
subjected to subaerial processes, acquired a crude stratification as it flowed in numerous
directions. After melting of the last remnant bodies of buried ice the landscape included:
the upstanding hummock, flanked by lower undulating areas dominated by superglacial
flow till deposits (see Figpre 3.2). After the hummock was created strong winds from the

north-northwest deposited a thin veneer of aeolian sediments.
3.3.2 4 Astotin Lake Hummock (H-BR~-45)

This hummock 1s located approximately 200 metres south of, and 8 metres above.
Astotin Lake (Figures 3.1 and 3.12} Many morphologicailly similar hummocks are found in
this zone of the research area. As no exposures in these hummocks were found a large

drilling rig was contracted to bore a single hole. ) .

Observations and Interpretations of the Sediment Unit Characteristics:

The generalized stratigraphy, interpreted from the borehole record is givenin -
Figure 3.13. FiQe units were differentiated on the basis of colour, texture, degree of
consolidation, moisture content, presence/absence of organic materials and structural
izttributes., The contacts were poorly defined.- Two rad{ocarbon dates were obtained
from small twigs and grasses extracted from the 11.5 and 1.4.5 metre levels of the

borehole.

Unit C; Laminated silt and clay:

Unit C is approximately 5 metres thick and is comprised of finely laminated silt and
clay with an abundance of organic materials. No coarse clasts were found in these black,
friable sediments. The sediments are interpreted as having accumulated in a pond/lake

-environment. .

* .
Units A, B, D and E; Diamicton:
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Depth (metres)

Drilling

= 10

= 12

b— 10

== 24

b— 26

- 28

= 32

DETAILS

UNITS

UNIT E: Domdon
dork gray wih rusty.brown momthag  osdrzed
rondy-cloy ,
domnantly crystolne closts
moderately most . deme/compoct

UNIT D:  Damidon
- grey-brown - unoaxhzed “

- ultyclay
- how closts

ormlomm\

- moderotely morst 10t/ Inable

Rodiocarbon dote —
>25,550 yeors B.P.
15-2159}

Rodiocarbon dote —
26,000 £ 1100 years B.P.
15-2160)

mnol sond lemes ———e-

orgonx lemaen — |

(by"'ﬁﬂ‘\‘

mony cloy ond orgonc lemer  up 10 15 cm thick

Laminated st ond day

UNIT C:
. bhock
1k ond cloy

g Mo ‘
\‘Mlom-w . .

no closn

“much orgome moteol
“ d

UNIT B:  Diamidion

' jv.vylhmovpomcun’dmv\db»mmuw« porton
cloy Meees i lower porton

"UNIT A: Dandon
very dork grey
cloyey-sond
dommontly corbonate clots
dry
it/ betle

motve a0 sorted lenet

[Uncdbarmity |

Shale —

UﬁaerOdoc_ecu Bedrock B

Edmonton Formation

Figure 3.13 The interpreted drilling log of Astotin Lake Hummock (H-BR-45)
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~ Four diamicton cnits were tentatively identified (Figure 3.13). Without detailed
structure observations it is dif ficult to determine whether these diamictan units are indéed
till. Oniy unit A is interpreted as till. Additionally, unit D may also be a till although the_.
occurrence of much stratified and or\ganic material renders this ques‘tionabl_e. However,
as ice advanced and overrode the pond/lake-sediments of unit C it probably eroded and
incorporated these sediments, later deposmng them through melt—out. Umts BandE are
most probably sediment-flow dlamlctons The occurrence of orgamc lenses in umt B
indicates probable subaerial reworking and deposmon of these depossts The mottled
appearance and textural attributes of unit E are anal\ogour to the sedlment flow. diamictons

observed and described in hummocks H-RC—7 and H-RC-8. ~ - T

Interpretation of the Stratigraphic Sequence:

At least two eplsodes of glacial actlvsty separated by nonglacial conditions, are
suggested by this sediment sequence. This mterpretatlon is based on the two radiocarbon
dates from unit C ( 25,550 yrs. B.P. [S_—2159]'and 26,000 +1,100 yrs. BP.[S-2 160}
(see Appendix 2). S‘evyerélﬂauthors {e.g. Reeves, 1 973; Stalker, 1977; Clayton and Moran,
1982) have reconstructed the chrchology of Wisconsinan glacial flluctuations throu'gh‘ |
radiometric dating.. Generally a long nonglacial interval'is pre§qmed from about 55,000
yrs. BP. to between 30,000 and 20,000 yrs. B.P. for the western interior of North
America. Therefore, itis quite possible that the sediments cf unit C were deposited within |
this"nonglacial interval. HoWever, caution is clearly required in treating dates in this range

as finite measurements.

Lo

Stratigraphicavllylbelow and above unit C the combined units A/B and D/E
respectively may represent single episodes of glacial activity. The lower unit of each pair.
may represent subglacial/englacial deposition wher'éas the Qpper units may reflect

superglacial deposition.
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3.3.3 Prairie Mounds

© Prairie mounds (see Table 3.1) are very common landforms within the study area
and are often found in close assooiation’with- hummocks. These prairie mounds usually
‘stand alone, but,in some tases they share rims (Figure 3.14). As no exposures were found
in prairie mound rims a solitary praifie mound was selected for study from .aerial

- photograph interpretation (Figure 3.15). '
'3.3.3.1 Beaver Pond Exhibit Prairie Mound (PM-MR-AB)

~ This pralrle mound is Iocated northeast of Astotin L 2 (Figure 3.1) and is more
accessible than most because it is adjacent to the main road through the park
* Morphometric anatysis, using a composite of interrelated Abney level slope profiies was
‘employed to determlne the size and form of the prairie mound (Fugure 3.16). This type of
survey {Yyoung. 1974) is rapid and is posslble to carry out throulgh fairly dense vegetation
(Gardiner and Dackombe, 1977). Contours were drawn from calculated spot heights
(Figure 3. 17) Characteristic of this, and aII prame mounds, is the presence of a central
depression enclosed by a nearly circular, ra]sed rum (Flgure 3.17). The basal diameter of
the mound is approximately 100 metres and, w1th the exception of two places where the
rimis breached, its height is approximatély 3 to 4 metres above the central depression -

The floor of the central depression is flat and ata slightly hig;wer elevation than the

intermound debpression-s (Figure 3. 17). ,
‘ .

!

Observations and Interpretations of the Sediment Unit Characteristics: '

T‘est- nolos Were drilled into the rim of the mound and the floor of the central
depression using a Minutemanrig The strafigraphy, interpreted from the dri|ling logs at
.~ four sites (Figure 3:17), is deplcted in anure 3.18. Drilling into the rim was extremely
difficult due to the compact nature of the materlal The small rug) was capable of onlya2
metre penetratlon However, this was sufficient to reveal that fhe rim was composed of a

_silty—clay dlamlcton In the central depressnon a 4 metre graded sequence of laminated

sand, silt and clay rested on top of a"dlamlcton (Flgure 3. 18)
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intermound depressions

rim

central depression

R \
\ - prairie mound

— e g

COLOURED PICTURES <
Images en’ couleur

Figure 3.15 The relationship of prairie mound PM-MR-48 fo other

prairie mounds and mtermound depressions
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Landform Genesis:

The formative phases of this prairie mound were interpreted using landform
associations.as well as the morphblogic and sedimentologic information {Figure 3.19).
Because this prairie mound is closely associated with hummocks, and the diamicton rims of
other prairie mounds are sometimes shared, the landform genesis is interpreted to be
essentially similar to that of the neérby hummocks. waever, in contrast to the hummock
‘genesis (see Figure 3.5) the final configuration of a prairie mound has a central depression.
This central depression, and also the breached rims, may be explained by the decay of an
irregularly shaped block o'f buried ice. Figure 3 19 depicts two cross—sections of the

prairie mound and the influence of this buried ice irregularity.
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4. GLACIOFLUVIAL/GLACIOLACUSTRINE LANDFORMS AND .SEDIMENTS

4.1 Glaciofluvial Landforms and Sediments
4.1.1 Classificétion N
Glaciofluvial Iandfofms, like morainic landforms, have been classified in a variety of
ways. Classifications have been based on three basic morphological expressions; ridges.
hummocks and undulating surfaces. These classifications are solely descriptive because
they only //st a number of characteristic landform types and definitions (Lundquist, 1979)
Consec(;’u\ently an overabundance of terms has resulted. However, Goldthwait's (1975)
.classification of glacial deposits (Table 4. 1) and Sugden and Jqﬁn’s {1976) classification of
"Fluvioglacial ice—contact forms" (Table 4.2} are systematic. The latter classification is
based on mérpholoéy and'location with respect to the direction of ice movement. Tbhis is
still inadequate because .2 morphogenetic épproach should be the norm in all gIaciél
gecgmorphologic classifications. Because morphology depends upbn genesis it seems

reasonable to include both for a meaningful, systematic classification.

Lundquist (1979 suggested a systematic classification of glaciofluvial Iandféfms
with a morphogenetic en;ph,asis (Table 4.3). From stratigraphic evidenc;a terms have been
added to denote the position of deposition with fespect to the glacier margin;
inframarginal, marginal, extramarginal. Inframarginal deposits are further subdivided into
subglacial, englacial and superglacial.” Landforrfns are described.and defined for each of
the poéitions. Yet, without previous knowledge of the basic formation of such landforms
.as kames and eékers one can obtain' little genétiﬁ information from the table alone. It does
. show, however, the dif fering positions in which each landform could have formed, thus

implying polygenetic formation.

4.1.2 Eskers and Kames

| Terminoiogy for glaciofluvial landforms remains controversial, for examplg
opinions differ regarding what is meant by the two major components;'es_kers and kames.
The recognition that these landforms are polyger‘\etic has helped alleviate some -of the

problems in definition. Price (1973 has partially clarified what it meant by each of these

113
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LINEAR FEATURES

NON-L I NEAR "FEATURES

Parallel to ice flow

.

Subgtlacial Marginal

most types some eskers

of eskers kame terraces

P

Table 4.2 A classification

Transverse to ice flow .

Subglacial Marginal
subglacially =~ crevasse fillings
engorged delta-moraines
eskers delta-kames

some kames

(no consistent orientation)

most kames
collapse featurés

kettles and pitted outwash

of glaciofluvial ice-contact forms {Sugden and John, 1976)

2. ARG INAL DEPOSITS

I. I NFRAMARG I NAL DEPOSITS 3.‘ EXTRAMARG INAL. DEPOSITS
l. Englacial supraaquatic 2.1 Supraaquatic 3.1 Supraaguatic
1.1.1 englacial eskers 2.1.1 marginal kames 3.1.1 glaciofluvial fans

Table 4.3 Suggested morphogenetic classification of

Supraglacial subaerial
supraaquatic

.1.2.) subaerial eskers
1.2.2 supraglacial

kame deltas

Subaerial supraaquatic

1.3.1 eskers
1.3.2 kame fields

Subglacial supraaquatic
1.4.1 engorged eskers

1.4.2 subcircular esker

Subglacial supraaquatic

- subaquatic

l.2.1 eskers

1.5.2 transverse eskers
1.5.3 esker nets

1.5.4 subglacial kames
1.5.4 lee-side ridges
1.5.6 valley-side

deposits

v

2.1.2 lateral terraces

#
2.2 Water-level

2.2.1 margina) deltas

2.3 Subaqu&tic

2.3.1 subaquatic (De
Gegr) eskers
" R2.3.2 subaguatic
deltas

2.4 Supraaquatjc-sub-
aquatic

s 2.4.1 marginal eskers

1
3.1.2 sandur plains
3.1.3 glaciofluvial river
terraces
3.1.4 indifferent valley
trains

3.1.5 residual deposits

3.2 Water-level

3.2.1 extramarginal
deltas
3.2.2 proximal deltas

3.3 Subagquatic
3.3.1 gravel ridges

glaciofluvial deposits (Lundquist, 1979)
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terms. He stated (p. 139) that a kame consists of,

" primary accumulations of sediments /n water beneath, within or at the margin
of an ice mass, that have a mound formresulting from the removal of
supporting ice "
o
and that eskers are,
" ridges of fluvioglacial deposits laid down by meltwater streams as channel 1
deposits "
[italics by present author]

It can be seen that a kame has water involvement but not necessarily channelled
flow. Thus kame deposits can be exceedingly variable and include glaciolacustrine
deposits as well as slumped materials. Much emphasis is placed on ice—contact controls in

their formation and the resultant mound form is a general morphologic rule.

In some instances kame is used as an adjettive {e.g. kame delta, kame terrace) or as
‘part of an entire landscape description {e.g. kame complex). ‘When delta-like contours
oceur on slopes, rather than the basic mound outline, the term kame de/ta is sometimes
applied (Price, 1973; Lundquist, 1979). The regular contour intervai reflected by maps of
such forms indicates that glaciofluvial'sediments freely accumulated as a fan or'delta
.without preventive obstacles (Lundquist, 1979). Kame terraces (flat—topped, steep—sided
features) are glaciofiuvial sediments that accumuiate’d in either a marginal stream or narrow
- marginal lake. As deposition occurred against the ice margin. subsequent ice melting
formed a steep face; the riser of the terrace (Price, 1973). Kame complexes (kame and
"kettle topography) are expressed as a series of kame mounds, each of which originated in
its own "basin of accumulation” (Price, 1973). V Clayton (1964) suggested that kames are
really ice Aisintegration features, formed wherever cavities received water-borne
sediments. As such they are distinct from kett/ed sandar, kett/ed deltas or pitted
outwash which are landscapes developed when clean ice blocks melt out, usually in a

marginal position:

Eskers are ridges composed of channel deposits, regardless of their position of
formation. Sugden and John (1978, p. 330) presented four points for recognizing eskers:
a.. " The longest eskers are ice—directed features which are even more accurate

indicators than drumlins of the last direction of regional ice movement.
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b." Eskers indicate the position of the major routes by which meltwater and
fluvioglacial debris is transported from within the confines of the glacier
system to achieve output at the ice margin

C. Eskers are prdbably not true equilibrium forms; although the channels in which
they form may have been at the time of channel formation. Eskers form only
when stream velocity is falling, for exan‘wple following the early summer
meltwater discharge peak. Some eskers may form in tunnels in the late

~summer flood, as long as the containing tunnel remains in use. If a tunnel is
abandoned then the esker will be able to survive és Io.ng as the glacier does not
remove it

d. The mere presence of eskers iﬁdicates fr'ee.meltwater drainage towards the
glacier margin. If meltwater flow is inhibited, the ice becomes saturated and v
channels (if they form at all) are filled with standing water. Again this may be a

/ seasonal phenomenon; in the spring existing englacial tunnels may experience
free meltwater flow in the vadose/zone, but later on, during and after the
diécharge peak, the tunnels may find themselves well below the water table, in

the zone of phreatic flow. Under these circumstances sediments are less likely

’ Nbe depositedi}t%els. "

lce—walled and ice-floored channels are basically analogous forms to eskers

(Baner jee and McDonald, 1875). Crevasse-fillings, where composed of glaciofluvial
sediments, are not easily differentiated from eskers although distinction may be possible

by their form and structure (Sugden and John, 1976).

4.2 Glaciolac.ustrine Landforms and Sediments

In areas where the land sioped waard from the ice margin, retreating glaciers
were often bordered by prog/acial lakes. Such was the case with Glacial Lake Edmonton
which formed in a clearly defined "Ial;eplain" (Shaw, 18975). Howevér, where glacial
stagnation devel'oped (rather than systematic frontal retreat) characteristic lacustrine
systems may iriciude superg/acial and/or ice-walled lakes (Clayton and Cherry, 1967).
Superglacial and ice—walled lakes are differentiated with respect to their physical

relationship with the stagnant ice. Both are subaerial but ice~walled lakes are distinguished
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from superglacial lakes by having bottomed on solid ground, not ice (Clayton and Cherry,

Iy

1967).

Superglacial lake sediments have been described by ﬁany researéhers of
hummocky moraine reglons in western Canada, horthwestern U.S.A., and Scandmavua Of
part|0ular importance for this study are observatlons Wlthln the Edmonton area by Bayrock
and Hughes (1962}, Westgate et a/., (1976) and Emerson (1977 1983) plus the North
_ Dakota observations by Clayton and Cherry (1967). The topography of collapsed
superglacial lake sediments is very similar to that of collapsed superglamal till (Clayton and
Cherry; 1967). A roliing, undlssected topography. with abundant undrained depressions |
plus internal contorted or foided bedding, may be considered diagnostic criteria of
collgpse. Westgate et a/.. (1976) and Emerson (1877, 1983) consistently found

“superglacial marl” contained within hummocks in the Cooking Lake moraine area, Alberta.
Within the study area glaciolacustrine sediments were also found mantling many till -

hummocks.

lce~walled Ilakes were waell descfibed by Clayton.and Cherry (1967). 'In that paper
they suggested that moraine plateaux or "perched lake plains” of hummocky roraine
regions owe thebir existence to sediments being deposited, or slumped into ice~walled
lakes. They proposed that two forms of ice-walled lakes existed in single, uncoalescent
basins;'unstable and stable. The differentiating criteria for these two lake types are given

in Table 4.4.

4.3 Glaciofluvial/Glaciolacustrine Landforms and Sediments of the Study Area .

4.3.1 Intfoductiou _
Several zones within the study area exhibit landform/sediment assemblages which o
are interpreted as having developed within glagjofluvial, glaciodeltaic or glaciolacustrine
environments (Figure 4.1). There is a continuum from zones which have till-dominated
landforms thinl‘y mantled with glaciolacustrine sediments to zones dominated by
glaciofluvial/glaciolacustrine landforms. This section considers the descrip‘tion,

t
interpretation and association of landform/sediment units within each major zone.

J
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Figure 4.1 The lo'c%Jtions'of glaciofluvial, glaciodeltaic
and glaciolacustrine landform/sediment zones
and sites examined within the study area
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4.3.2 Zone One; West Gate Complex
4.3.2.1 Introduction

An extensive zone of pitted and ridged terrain, composed primarily of stratified
sediments (Figure 4.1) occurs in the northwestern part of the study area. Within this zone,
recent quarrying and road construction provided many exposures.

4322 Site1; (R-RC-4)

L

This site is located immediately west of the park boundary (Figure 4.2). Here,
recent road construction has dissected a ridge {(Figure 4.3).

“3

Observations and Interpretations of the Sediment Unit Characteristics:

In this sectién a fining—upward sequence of stratified units is appareni {(Figure 4.4).
The lowermost unit is comprised of matrix—supported cob_ble gfavel (Fiéure 45). The
subrounded/rounded clasts of varied lithologies are suppor;ed by é matrix of verﬁy coarse
sand, granules and small pebbles. This unit i§ t\mconfdrmably overlai; by
horizontally—taminated 'beds.of medium/fine sand. Within the laminated sand are small
pebbles and, particularly, ir‘r;egular shaped mas.ses of diamicton (Figure 4,6). 'Tf'\e diamicton
bodies have very sharp contacts with the laminated sand.and they'.h_ave disrupted the'
primary structures only slightly. The whole section is capped with acdiamjc‘ton unit. Some |

lamination is apparent'within this diamicton drape as lenses of fine—grained, bedded

sediments are preséent.

‘

oy

Small-scale fauiting occurs within the thick unit of horizontally~laminated sand
(Figure 4.7). Reverse, high—angle faults dominate. with planar displacements ranging from

approximyatel,y 1.5 to 15 centimetres. At both the north and south flanks of the ridge large

.

normal and reverse faults are apparent.

Lan‘dfbrm Genesis:

it'is believed that these sediments _aécumglated in a subglacial conduit. Banerjee
’ |

and McDonald (1875) and Ri‘ngrose (1982} have pro'videcl:l areview 6f the literature

J
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Diamicton

Horizontally~
laminated
medium/fine
sand

Matrix-
supported
gravel

Figure 4.5 The fining-upward sequence from matrix-supported
gravel to horizontally-laminated beds of medium/fine
sand in the central portion of ridge R-RC-4. The
exposure is capped by a diamicton unit
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)
pertainihg to facies interpretation for both closed conduit (pip'eflow) and open channe!
bedform development in eskers. A subglacial position nged not imply a closed conduit
because the tunnel may have free surface flow, an open channel situation (Baner jee and
McDonald, 1975; Saunderson, 1982} Ringrose {1982, p. 127) pointed out tha't the
‘presence of any facies can rarel\y be regarded as diagnostic of open or closed conduit
flow” For example, the proposition that matrix—supborted érave!s are sliding bed’
deposits, formed only in a closed conduit situation (Saunderson, 1877) has been
challenged by Boulton and Eyles (1979}, These authors found matrix—-supported gravels in-
proximal outwash, deposited by open channel flow. Further', the system may change from
a closed conduit to an open channel situatipn should there be tunnel expansion (roof melt
or collapse} or a decrease in meltwater supply (Baner jee and McDona.Id, 1975) Therefore,
i|t is not readily apparent whether or not the matrix—supported cobble gravel unit was
deposited in an open or closed cond.uit. It can be stated, however, that hig.h—flow regime
conditions were necessary to transport the large cobbles {Shaw, 1972). A relatively:
confined tunnelis suggésted. The cobbles represent a lag deposit, the matrix most
probably Eaving fittered in from the overlying sand unit. The abrupt transition from the

cobble gravel unit to sand reflects a sudden decrease in stream competence.

Several lines of evidence complement each other for the interpretation of
subglacial tunnel formation in this case. Of particular importénce is the primary—-bedded.
horizontally—laminated sand, and its included bodies of diamicton and the numerous, ‘
isolated coarse clasts. An open channel situation, with free surface flow, was probably
maintained at the site. A steady and constant flow was egsential for the primary
sedimentary structure. Either.down'stream or upSfcream regulation of the discharge is a
possibility. Downstream, the conduit may have become choked with sediments or
confcricted by tunnel collapse. Further, the downstream contro! of the discharge may‘ have
been regulated by the presence of standing water covering the conduit exit. Alternatively,
an upsfr_’eam control may have been imposed as contributory moulins on the
debris—covered, stagnant ice surface enlarged. The descendinvg pipels) may have become
filled with coarse debris, thus o‘ffering a filtering effect for both the amount of //\

meltwater and the size of sediment allowed to pass into the subglacial tunnél.



The coarse clasts found scattered within the otherwise well-sorted sand probably
dropped from the roof of the tunnel concurrently with primary deposition of the sands. |
The size ‘andrdispos‘ition of these coarse clasts within the unit exclude the possibility of
normal fluvial depositién‘ On the basis of this interpretation these are not termed
dropstones. That term applies to clasts dropped -from floating ice. Similarly, the large
bodies of diamicton appear to have been released fr‘om the ablating tunnel roof. These
discontinuous blocks are certainly not the product of mass movement flows as little or no

disturbance of the underlying sand depo'cits is apparent. The diamicton blocks must have

been dropped. not slid, into place.

\

The section is capped b‘y a diamicton unit. This rhay represent a sediment flow
diamicton. However, a more Iikely alternative is that with continued abllation of the upper
ice the unit was draped over the underlying beds. The presence of normal and rever.sej
fgults in the sediméntary units indicates that the slow melting of both the retaining ice walls
and buried ice was brobébly responsible for the final ridge configuration (McDonald and

Shilts, 1975; Shilts, 1981},

.-

~.3.2.3 Sites 2, 3, 4,5, and 6 (Q-27, Q-28, Q-29, G-30 and Q-31)

West of Site R-RC-4 a transition from the pitted and ridged terrain to ftdtter
topbgraphy, at a lower elevation, is appafent. On the lower topography sands Qradually»
thin out into deep water, siit and clay deposits near the town of Jésephburg. Sand and
gravel qQarrying activities have opened—up numerous exposures within the pitted terrain

{(Figure 4.2).

Observations and Interpretations of the Sediment Unit Characteristics:

At Sites Q-27 through Q—30 tabular, cross—~bedded units, composed of
predominantly well-sorted, s'and—ﬁsized sediments were noted (Figures 4.8 and 4.9). The
dip of the cross—beds varies but the average is i.8°. The results of palaeocurrent
measurements from each of the sites are shown in Figure 4.2: The sediments show very
little penecontemporaneous or secondary deformation, with only isolated occurrences of

faulting, folding and diapiric injections (Figure 4.10).
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Figuré L.8 The tabular, cross-bedded sediments at Site Q-27

Figure 4.9 The tabular, cross-bedded sediments at Site Q-29
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Site Q-31, at the lowest and westernmost part of the quarried area exhibits a
dif ferent suite of sedimentary stru&:tures and textures‘ Here, the sand—dominated
cross—beds are replaced by horizontally~bedded sand, silt and clay (Figure 4.11). Some of
the beds (particularly those composed of silt and clay) are deformed, presumably due to

loading or dewatering.

Landform Genesis:

The characteristics and distribution of sedimentary stfucture§ and textures for
"these sites correspond wehl~l with models of deltaic deposition. The cross—bedded sands
at Sites Q-27 through Q-30 are interpreted as delta foreset beds-, whereas the
horizontally—beddéd sand, silt and c'léy beds at Site Q-3 1 are interpreted as delta
bottomsets. The spatial variation of observed palasocurrent directions suggests that

shifting distributary mouths occurred along the delta front.

\

The deltaic sediments were deposited in.to Glacial Lake Edmonton which was
impounded against the ice sheet.” As the ice Eeceded to the northeast deltas were built at
different localities close to the ice mafgin. The deltas were ice—marginal, deposited partly
over ice and partly around large ice blocks standing in Glacial Lake Edmonton.  The pittéd
nature of the topography in this zone, plus the occurrence of large bodies of diamicton
within the stratified sediments at another quarry (’Svite.O—32; Figure 4.12), attest to the
probable ice—contact situation. The water level of Glacial Lake Edmonton at the time pf
.§elta formation wz;s at approximately 2300 fegt (701 metres) asl. The contact between
topset and foreset beds in glaciol'acustrine deltas is erosional. This erosional contact most
probably is represented in Figure 4.8. Further, the similar assemblage of deltaic sediments
found southwest of this zone_(_éite Q-32) is consistent with this interpreiation {Figure

o

4.12).
4.3.2.4 Summary

Zone One illustrates the variety of deposits that may exist within an ice—contact
continuum of glaciofluvial, glaciodeltaic and glaciolacustrine environments. As proposed

by De Geer in 1910 (Saunderson, 1875) the lateral transition from esker gravels to



132

COLOURED PICTURES - i
Images en coulcur :

Figure 4.10 A diapiric injection structure observed
at Site Q-27

-

Figure 4.11 Horizontally-bedded éand; silt and clay
at Site Q-3i
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rhythmites represents different facies of the same tirﬁe—stratigraphic Qpit in the present
example meltwater was evacuated via a subglacigl tunnel which ‘fed.yéa sténding body of ’/
water (Glacial Lake Edmonton). Esker gravels were deposited in’/o: at the exit of, this /

“tunnel. Decreasing competency of flow in the downstream durectnon led to progresswely .
finer—grained sedimentation. It is possnble that combinations of ice recession, rises in the

.‘ water level or decreases in the sedlmem supply were responsible for this decreased

competency (Saunderson, 1975). Furfher, these regulations could also explain the vertical

transition from gra\},el to fine-grained sediments, shown at Site R-RC-4, as the facies 1

.boundaries shifted upstream.

4.3.3 Zone Two; " ‘orth Gate ComE)Iex
" 4331 Introduction

Zone ’Tv/vo occupies an area borgering the northern limit of the h'u_mmock,y moraine
tract and parallels the northwest-southeast trending bedrock escarpment (Figure 4.1). The
area above the escerpment is rolling with numerous depressions. Below the escarpment'
the topography is relatively flat except for some ihfrequent meltwater channels (Figure
4.13). At the lower elevations bedrock is occasionally exposed near the surface (Figure
4.13, Site RC—1). Two sites of glacigenic sediments were examined in.detail within Zone

Two: (Figure 4.13, H-RC-2 and Q-25).
4.3.3.2.Site 1 (H-RC-2) -

Site 1 (H- RC 2) is located 1.9 hilometres north of the park boundary. Situated at
an approxmate elevatlon of 704 ma. sl itis slightly below the upper p:tted surface yet
~ well above the lower, flatter area. At the site two small road cuts were logged (Figure

4. 14) | . . .ol . . ’ AN

Observations and Interpretations of the Sediment{Unit Characteristics:

Section 1: ~ - _ \
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Figure 4.14 The spatial ‘relationship between the two

sections examined at Zone Two, Site H-RC-2

-
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A schematic description of the sedimentary units at Section 1 is given in Figure

" 4.15. Parallel-laminated sands and interbedded silts dominate the sedimentary sequence.

[ 8

Typically. a graded afiicepetitive sequence of silt/fine sand/medium sand/medium coarse

Sarent.” A 30 centimetre thick body of grey-brown diamicton

~

abruptly and uncomformably interrupts the rhythmically-bedded sediment units. This

4
sand/fine sand/silt’i5;

vertically jointed diamicton has a silty—clay matrix enclosing clasts of varied lithologies and
sizes. At one location a smail cobble projected down into the stratified se;jimehts. No
groove or drag marks were associated with the cobble. This indicates that the diamicton
body must have been gently lowered onto the stratified sequence. Numerous faults,
which are predominantly normal, penetrate the contact between the diamicton body and
stratified .beds. In one case a fault was traced for the complete depth of the exposure

{(Figure 4.16).

Section 2:

At this section parallei~laminated sediments and multiple diamicton bodies are
exposed (Figures 4.17 and 4.18}. The whole stratigraphic sequence “dips conformably
with the élope, Normai faulting is also prominent. Numerous, small-scale faults are

ove.rshadowed by a high displacement (30 centimetres) normal fault

At both sections, the rhythmically—deposited, ‘parallel'—lamina_tc'ad sediments are
interpreted as lacustrine dépb%its: The dia;nicton bodies are till masses which have
probably been ice—rafted into position and lowered onto the Iacustri;e sediments. The.
extensive fault structures which penetraté both the lacustrine sediments and till bodies
indicate post—depositional deformation possibly due to removal of buried ice. The upper,

pitted surface further attests to the presence, and subsequent melting, of buried ice.

4.3.3.3 Site 2 {Q-25)

v 4

The exposures 2t this site were observed and recorded in-a borrow pit situated at

the base of the escg‘;p-

a
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Figure 4.15

| A schematic description

S of the sedimentologic and

3

l structural observations at

t Section 1, Site H-RC-2
-8

3

| F~——— silty-clay diamicton

> porallel-laminated sand ;Jnd silt
S
3
lower materiah unknown ]
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Figure L.16 Numerous faults, which are predominantly normal, penetrate

the contact between the diamicton body and stratified beds
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*

Figure 4.17

A schematic description
of the sedimentologic and
structural observations at

Section 2, Site H-RC-2

~~silty-clay diamicton
- vertical joint structure

I~ parallel-laminated sand and silt

COLOURED PICTURES
Images en couleur

Figure 4.18

Parallel-laminated sediments
and multiple diamicton

- bodies are expressed at
Section 2, Site H-RC-Z;J

<



140

Observations and Interpretations of the Sediment Unit Characteristics:

The generalized sedimentary sequence, which is a composite of several
exposures, has a variable thickness of sorted sand and gravel overlain by parallel and
rhythmically—bedded sands and silts. The sand—dominated rhythmites (Figure 4.19) are

- commonly deformed by normal, high—angle faults (Figure 4.20)

The general trend of progressively finer—-grained sediments higher in the section is
attributed to a diminished sediment source, hence a retreat of the glacier. Thus the
sédimentary sequence is interpreted as proximal outwash deposits overlain by more distal
lake sediments. The poét—depositicnal fault structures, as at Site 1, are possibly due to

subsequent removal of buried ice.
4.3.3.4 Summary

The deposits'of Zone Two record the sedimentation phases in an ice-dammed lake
environment as the main ice mass retreated to the n‘orfheast. While the ice retreated from
the area, meltwater was impounded between the ice 'mass and the pedrock escarpment at
progressively Iowef eiévations (Figure 4.21). The grad;a‘tional retreat allowed proximal
sediments to become overlain by distal, fine~grained sediments. The non-sorted
sediments (diamicton) represent deposition from ice—rafted blocks which broke free and
. floated into place. These ice bergs were biown by the prevailing north-northwest vyinds."
and accu'mulate%)in an embayment between the glacier and the escarpment (Figure 4? 1.

All deposits accumulated over buried, stagnant ice. \

Rapid retreat of the glacier is envisioned. Consequently, the lake ehvironment\(vas
short-lived and not extensive in the area. This is indicated by the nearby occurrence of\a

thin il mantle over bedrock to the north. -Shallow meltwater channels evacuated the -

_meltwater as the ice retreated quickly and a larger area opened up.

4.3.4 Zone Three; Old South Boundary Complex
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Figure 4.19
The thick sand-dom?nated
rhythmites at Site Q-25

COLOURED PICTURES - |
Images en couleur i

Figure 4.20 The high-angle, normal faults within the

. rhythmites at Site Q-25
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wce-dammed loke
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™ bedrock escorpment
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e t——. \\\\\ stagriant ice
melt-out of basal debris-rich ice
. Phase One:  Meltwater 11 impounded between the retreating ice mass and the bedrock escarpment.

Sedimentation within the lake is over stognont ice. |ce/debrs blocks break awuy from the ice mass ond are blown
across the loke. They occumulate in the embayment.

superglaciol complex

we-dommed loke

floating ce/debiris block
A Y

.lake bed sediments

ALY
y:;‘;:y"/ :/ \bedrock

stognant e

Phase Two:  The ice retreat 15 rapid and the lake enlorges. The water level 11 now ot a lower elevation.
Sedimentathion continues over tognant ice.

piited topography

!

lacustrine sediments with ice-rafted debris A \\\
meltwater channel

flat 1opogrophy-ground moraine

‘ 7 melt-out hil
: ~
= escarpment
T R Tt -
Final Configuration : All buried ice has melted out leaving o pited surface above the escarpment.

Locustrine sediments are found at progressively lower elevations and grode into ground moraine towards

the north.

Figure 4.21 The suggested formation phases for Zone Two




s mers s . e AT ORI T

143

4.3.4.1 Introduction

Zone Three is Io;ated soytheast of Astotin Lake (Figure 4.1). Access to the zone is
provided by the O/d South Boundary road which bisects the zo‘ne (Figure 4.22)- The
topography is variable and includes low-relief hummocks and broad, shallow depressional
areas in the western portion. To the east, high—relief hummocks are separated by deep,
narrow depressions (Fi‘gure 4.23). The changes in topography are are mainly a reflection

of the surficial deposits and the landscape genesis,

Backhoe excavations (Figure 4.22), selected on the basis of accessibility, revealed
landforms consisting largely of stratified sediments to the west and morainic landforms to
- the east. The first group occupies the higher areas. The stratigraphy at each of these

backhoe excavation sites is briefly discussed and interpreted.”

-

4342 Site 1 (B-41)

_At‘Site 1 (Figure 4.22) a 4 metre thick diamicton unconformably overlies an
intensely deformed, unit of sorted medium and coarse sands (Figure 4.24). The contact
between the two units is both shérp and planar {Figure 4.25). The sandy silt diamicton is
poorly consolidated, mottled, and has a fz;intly'laminated structure. The sorted sands have
no apbarent primary structure. They have.been intensely deformed and it is impossible to
determine their original configuration. The diamicton is interbreted as é sediment flow

diamicton. The sorted sands are probably glaciolacustrine sediments.
4.3.4.3 Site2 (B~39)

At this béckhoe excavation (Figure 4.22) a similar stratigra~"v was noted (Figures
4.26 and 4.27). Five units were identified in the 4.2 metre section. All units dipped
conformably at approximately 2 1° towards the southwest (230}, The lowermost unit
consists of thinly' faminated silt and fine sand. T'he'thickness of each of the parallel
laminations was agproxima;tely 1 millimetre. Unit B is a deformed (contorted and faulted)
;jeposit of sand, silt and clay (Figures 4.28 and 4.29). Unit Cis a silty~clay diamicton with
faint lamination. Unit D consists of parallel-bedded sand and silt. Some elongafe, coarse

“sand lenses are also conformably bedded. These sand lenses tend to pinch out lateraily. A
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Figurevh.23 The low-relief hummocks to the west ‘contrast

“with the high-relief hummocks to the east
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Figure 4.25 The contact between the two units depicted in Figufe 4.24
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Figure 4.26‘ The backhoe excavation at Site B-39
(refgr to Figure 4.27 for description)
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Figure 4.27 A schematic description of the sedimentologic
and structural observations at Site B-39
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Figure 4.28 The deformation structures observed
within Unit B at Site B-39

Figure 4.29 The deformation structures observed
within Unit B at Site B-39
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s

poorly sorted unit of angular and subrounded cobble gravel, in a coarse sand matrix, caps

the section.

Units A, B and D are interpreted as lacustrine sedi_meips deposited in a superglacial
pond. Unit C is a sediment flow diamicton which both interrupted sedimentation and
contorted the sediments of unit B. The tilted strata, faulting and diamicton bodies are
indicative of deposition in an ice—contact environment. Gravitationally—induced collapse

of the ablating ice below these deposits probably produced the normal faulting
4.3 4.4 Site 3 (B-42)

At Site 3 (B-42; Figure 4.22) the backhde excavation was hindered by
groundwater flow which filled the hole quicktly and caused sldmping‘ of the banks.
Accordingly',ithe information on sedimentological sdccessivon is restricted to the upper
few metres only. The exposed sedimentary sequence at Site 3 is given in Figures 4.30
and 4.3 1. Two main units are depicted The lower unit consists of p'anar bec. of

" alternating fine sand and silt dipping at 26°. A single palaeoourrent measurement ret:'ords a
,‘flow direction towards the east (Figure 4.22). This unit is succeeded by a uniting
large scale Cross— bedded coarse sand and granules. .The cross— bedo na closely |

1
Iinked to cut and fill - -uctures. The meagre sedimentary information indicates(\a small

lf“‘delta Unit A coulc »ossibly be interpreted as foreset beds and Unit B as topset) beds.

fo

This‘delta probably built into a superglacial or ice— walled pond.

//‘:r .

‘4;3.4:5 Summary

The ice—cbntact environment, in‘ which these sediments were deposited, was
unstable " The stratigraphy expressed at these sites is consistent with published

mformation on kames (see Holmes 1947 Price; 1973; Sugden and John, 1976).

..l

r‘)i\\ "4.

Supﬁg“glacral”déipre‘gsmns possxbly formed in the gIacuer pseudo- karstic manner described :

s JJ‘- &
by. Clay'td 'l-“tu 4) became basnns for accumulation of pond sediments. Meltwater ma\/

have enter d from more thar) one direction forming small deltas At the same time ’
: o

superglacxaf_ﬁ*‘ébris slld or slumped into these depressions mixing and modifymg the
pre— existing sediments When these settiing basins became choked Wlth debris water

.burst into the adiacent depressmns Relief inversion dictated the final configuration as

7 . ¥ S
- - [ . ‘ *
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Figure 4.30 The sedimentary”seqﬁence exposed at Site B-42

w
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buried ice ablated.

4.3.5 Zone Four; Lower Tawayik Lake Complex
4.3.5.1 Introduction

Zone Four, lncated immediately west of Lov.or Tavrra k Lake (Figure 4.1), is a
complex zone illus. uiing contrasts in surface topogre, a surficial deposits {Figure
4.32). In the western part of this zone the landscape exhibits high-relief ridges and
hummocks. Thle landforms are till-dominated. A lower elevation, gehtly undulating
topography sebarates this area from the still lower, contemporary., Lower Tawz;yik Lake
depression. Lacustrine sediments mantle the lowest exposéd s‘u>rfac¢<av. Of partiCuIar
interest is the contact zone between the two landscapes. Aerial photograph interpretaﬂon
revealed an area which was originally cleared for sand and gravel quarrying In this area ’

two sections were excavated using a backhoe.

4352 Site1(L 43) £

o
The site, no longer in active quarrying use, has an undulating topography and the

surface is strewn with boulder-sized debris. The surface elevation ranges between 722

‘metres asl and 725 metres asl. The contemporary water level of Lower Tawayik Lake is

715 metres as.l. '
‘ B
The two adjace  backhoe excavations, 300 metres west of the lake margin,
exposed,the subsurface stratigraphy. Because each excavation yielded different ... w

sedimentary structures a trench linking the two was dug to determine the nature &f'the -

~ contact between these differing sequences (Figure 4.33). In addition, a-borehole was

drilled immediatély adjacent to the excavations using the small M/nutemnan auger.

¥

Penetration was to a depth of 7 metres below the surface, the maximum drilling capability

of the rig.
. f

Observations and Interpretations of the Sedimentary Unit Characteristics:

[
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There are three sedimentary unlts at Section |, each characternzed by varlatlons in
texture and sedimentary structures. The lowermost unit consists of rhythmlcally bedded
sand and silty—clay; the intermediate unit is composed of(parallel—laminated sand and silt
and the upper unit includes ripple—-drift cross—laminated fine sand (Figures 4.34 éﬁd 4.35).
Section 2 exhibited two units; a thin basal unit of parallel-laminated fine sand and silt
(analagous to the intermediate unit at Section 1), and an upper unit of poorly sorted,
well- vmbrlcated cobble gravel (Figure 4. 36) The sedimentary structures and textures are
here described separately for each unit. As well, the depositional processes are l
interpreted. Finally, the spatial and temporal relationships between the units are

interpreted to provide a palaeoenvironmental model.

Seetion 1, Unit A; Rhythmically bedded sand and silty -clay:

This lowermost unit consists of a repetitive sequence of grey snlty clay
interbedded W|th medium sand. The silty~clay beds are approximately 4 centimetres thick
and the sand beds approximately 10 cent'imetres.. .The upper contact is gradational into
Unit 2. Below th”e exposed level of Section 1 the borehole record shoWs a general
fining-downward-sequence from silt to clay. Within this unit deformation is restricted to

™ .
normal faulting. The displacements*are mainly linear although occasiong

concave—~downward faults are recognized. Displacement is generally, Ieﬁss than 10
. G-

¢ centimetres.

4 The sediments of Unit A most probably Wepresent bottomset beds of a prograding
‘delta. The rhythmite bedding is the"r‘esult of depesition by turbidity cufrgnts durind early
stages of lake filling. Jopling and Wal‘kerv(__1968'), Gustaveon etal. (1972), Ashley (1975),
Gustavson et a/., (197'5), Theakstone (1 876} and Shaw (1877b) all suggested that density
underflews or bottom turbidity currents should be the major mechanism responsible for
rhythmic sedimentation in Lp_roximal lake—bottom sediments (bottomset beds). Puleating
turbidity currents. occur, whereby'incoming sediment—-laden water (having a higher density
than the ambient lake water). smk and flow along the bottom These are capable of

deposition in cycles (Leckie and McCann 1982).
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Figure 4.34 The stratigraphy of Site B-43, Section |

o (refer to FiguFé h.35_fbr description)
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Figure 4.36 Thg’stratigraphy of Site B-43, Section 2
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Section 1, Unit B; Parallel -laminated fine sand and silt:

Unit B consists primarily of parallel—laminatedi fine sand and silt. The upper contact
is.again gradational into Unit C. The original primary bedding has been‘highly‘deformed in |
many instances. Each of the deformed bedsets is underlain and overlain by undisturbed
parallel strata. These penecontemporaneous deformations (Figure 4.35) include

" convoluted bedding, an erosional feature and dropstone—induced deformation (Figure-

4.37). Secondary structures are again represented by intensive faulting.

The deformation st\ructures are of particular importanE:e. T;he convoluted bedding
is probably the result of IoW—‘angIe, subaqueous slumping (Leckie and McCann, 1982)

' reéulting from compaction of lake sediments. Post—depositional cqnsolidaﬁon may also
account for the step and grabg_q mi_cro—faulting. The erosional feature in the
parallel-laminated sediments q&ests to the presence of current action which eroded the:
base of the strué;ure, tré.nsported the sand up the stoss side of the form and dumped it
downkthe lee side. The current direction resp‘onsible for'its construction was ‘from west

to east. Finally, the weathered clast in this unit was obviously ice-rafted since there is

recognized disturbance and warping of the underlying beds.

Section 1, Unit C; Ripple-drift cross-laminated fine sand:

This unit consists of a tfansitional sequence from type A ripple—drift ,.
“cross—lamination at the base through low climb—angle type B and finally high climb~angle
type B ripple—drift cros.s—lamination {(Figures 4.35 &3;4.38). This unit is also fiddled with-
o faults althou.gh né penecontemporaneous deformation is apparent. The ripple~drift | h
c.:ross—lamination offered the only opportunity to meas. the flow direction fror‘n which

the fine—grained sediments were deposited. The results are depicted inFigure 4.32.

This sequence of ripple—drift cross—lamination is particularly informative ag to the
flow characteristics during its formation. Ripple—drift crqg—laminaﬁons are common in
fine—grained deltaic deposits (Ashley et a/., 1982) .and their field descriptions and
interpretations from gIaconacustrine'deltas are numerous (see Jopling and Walker, 1968;
‘Shaw, 1872, 1975; Gustavson, 1875, Gustavson et a/.,. 1975; Orombelii and Gnaccolini,

Va

- o
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Figure 4.37 The penecontemporaneous deformatitas
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1978; Cohen, 1979; Clemmenson and Hou.mark-NieIson, 18981). Such cross—-laminations
are best developed i'n environments of periodically rapid accumulations of fine-grained |
sediments (Reineck and Singh, 1975) a‘nd often originate from density underflows of
sediment-laden meltwater flowing into a glacial lake (Jopling and Walker, 1968). The flow
mu.st be high enough for ripple migration yfat not so high as to produce dunes or planar
beds (Ashley et a/., 1982). :’Le differences between the two major morphologic types are
attributed to small flucf{iations in current velocity, and to variations in composition and
concentration of suspended load. Type A ripple—drift crogs—laminations (eroded stoss)
are produced by aggrédati_on rates which are large relative to.ripple migration rates (Ashley
et al.. 1982) Jopling and Walker {1968) and Gustavson et a/., ( 1975) interpreted a change
from type A to type B to be the result of a gecrea;e in density underflow velocity“and a
corresponding decrease in bedload transp(;rt relative to fallout.frém suspension. Simply,
ff enough sediment is available in éuspension, almost no erosion of the stoss—s'ue takes
place. fhe ripples are completely buried and preserved under a suspension—de;  ted
sand cover which is again rippled but with slight drift of the crests (Reineck and S\mgh,

1975).- : -

The angle of climb for ripple—drift cross=laminations has also been used to
récdnstruct flow cohditions during deposition {see Jopling and Walker, 1968; Allen, 1971;
Shéw, 1975; Gustavson et a/T, 1975; Cohen, 1978; Ashley et a/., 1982). Alleh (1971) "
noted that an increaée in the ratio of sediment falling out of suspension to‘the rate of

-deposition as bedload would cause an increase in the angle of climb.
f

The vertical transition of ripple—drift cross—laminations noted in this section is
analogous to the sequence described by Qustavson%t al., (1 9755 as a sing.le' flow event -
The type A ripple—drift cross—laminationé represent the maximum flow velocity.-
Deceleration of flow is daep‘icte‘dl by the transition toﬂ type B and finally to an increase of

9

_ éiimb—ang]é ofsthe type B ripple—drift cross—laminations.

Section 2, Un'it_ D; Cobble Gravels:

The upper unit at Section 2 contrasts s_hafply in textural qualities tb the other units

described at this site. .This imbricated cobble gravel has a matrix of ver_y coarse, angular

3.
Ve
o

|
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sand and granules. The clasts are dominantly subrounded to weli-rounded Cordilieran
quartzites althougﬁ Canadian Shield clasts are also represented. The contact with the
underlying unit is sharp and planar. The erosional contact between this sedimentary
sequence and that of Section 1 is also unconformable, planar and dips at an angle of 23"
towards the west. The laminated fine sands and silts of Section.1, Unit B, are abruptly
truncated (Figure 4.39). A pebble fabric, using the a/b plane.imbrication of the cobble:

indicated a strong, unidirectional, northeast flow direction {Figure 4.40).

This unit is interpreted as glaciofluvial sediments, deposited frpm ache »ewl which
eroded into the pre—-existing sediments. The textural attributes and lack of cross—bedding
suggest deposition at a Iocatlon fairly proxnmal to the source (Leckne ‘and McCann, 1982). |
The different palaeocurrent direction to the one theasured for the r:pple drift

cross—lamination sequence suggests that the meltwater source had cha“\ged slnghtly

.4.35.3 Summary . o ' )

in general terms the sed:mentary structures expressed at this site mducate

N \m\ -

'deposuTnon nce contact envnronment The proxlmuty to an ice margin makes it difficult

to dlfferentnate glamofluvual gIacnodeltalc and glacnoIaCUstrme environments. However,
each of the units described provnded clues to the dominant depositional processes and

™
hydrodynamic conditions.

Interpretations of the primary, penecontemporanecous and secondary structures
suggest that these sediments accumulated on a low slope, prograding delta. .The gently

shelving lake was most probably ice—walled and ice~floored (Figure 4.41, Stage 1).

The primary structeres indicate that most of the observed fine—grained sediments
accumulated on the distal prodelté slope and are approximately equivalent to bottomset
beds. Some penecontemporaneous structures are current—induced while ofhers are the
result of differential compaction, loading, subaqueous slhmping or ice~rafting of debris.
The secondary structures may be attributed to differentiél-’compaction, dewatering or

release of ice support
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Figure 4.39 The erosional contact between Sechon 1, Unit B and
Section 2, Unit D :
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Flgure 4,40 The poloeocurrenf results from the a/b mbncat;bns of
cobbles at Section 2, Site B 43 .
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late sta%es ot lake—filling numerous small dlstributary channels mCIsed into the delta -

surface (Figure 4.4 1, Stage 2). Directional evndence indicates flow was sllghtly oblique to
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' morphogenetlc unlts were constructed frorrvaernal photograph mterpretatn#n fleld

/’ 5. SUMMARY AND CONCLUSIONS
J L ' .

o

. T : v
R
o oy s o . o, ~
- 3 . o .
C . .

51Introduét|on e 7 ' o : . .

5. o~

Precedlng chapters have outlnned the ©bservations and mterpretatlons of R

site— specuhc Iandform/sedlment units within the study area. A genesis for each of these !

characterlstnc morainic and glacuofIuwal/glamolacustrme fandforms was suggested Here.

-the genetic and geochronologic assomatlons of the landforms/landscape are summarized,

emphas:zmg relatl_onshlps pertinent to the reglonal deglaclal and postglacial chronology.

‘ W L )
5.2 The Dlstrlbutlon of Surficial Depb&lts . ' N o

-

The rf:cral geology map of the EdmOnton area INTS BM is-at. suclwa scale

(l 250 OOO) that it carmot prov1de detalled mformawon on sur@%l d

assoc:atlons ‘for the study area Acc:ordlhgly maps of the Sur.lcral d pos:& and

é'J

o
reconnalssance and‘ comBmed,road cut and backhoe exca@atron’jiescrlptlon/mterpretatlon

- plus drllllnq log mterpne%'gﬁlon (Fvgure 51 The rﬁan n’fade exposures aUa\@/ed deiualled

=
s

observatlon of the varlablllty of the surﬂcnal deposnts in the upper few metres The

1;{ N B} t\ ‘]‘ L
boreholes provnded lquortant nnformaglon as.to’ the |rregular|ty of the drlft thlckness and
vertlcal column str“atlgraphy o SO T e T ; %

&J . - ’l, . P cfb . . o.' . B P

The sutficial deposnts of the” study area rnclude

a. tlll/dlamlmon sheets gnd hummockﬁy morame

R} u_.}lbmofl val sedim
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o9

.

o channels s
c. glacuolacustrlne sediments, from both proglacnal and superglacial snvironments,
and « "‘,
. - . ”;‘a -
d.  avariable thickness of loess. 5
" Recent.deposits include peat and organic mud found in depressions and contemporary
lake basins. Miror colluvial and alluvial sediments have also been deposftdd in Holocene
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5.3 Landform Associations and Geochronology

< contemporary Iandscape.
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Four distinct genetic types of tnll/dlamlcton are differentiated on the basis of

matrix texture, sgucture and geomorphlc attrnbutes Lodgement till is Iu“mted to the
2,

A, ,n;‘

northeastern pocmr of the study area where it forms a thin till mantle ogmr@edrock Two
types of me““out ill are recognlzed basal meh out till and ablation melt-out till. Both -
melt—out tills, with assoc;|ated local lenses or units of sorted sedlments are compact and
have a relatuvely«trong preferred orientation of coarse clasts. Underlying hummocky
moraine, they occur lowermost in the stratigraphic sequ@nce Fourthly, sediment flow

diamicton has a characteristic flow appearance, is friable, and often contains

‘incorporated pond sediments. The preferred orientation of coarse clasts is, not

L)
3

'surprnsmgly poorly developed. Thns diamicton usually comprlses the uppermost factes

and underlies hummocky moraine.

Q-

Highly variable textural oualities plus primary, penecontemporaneous and

secondary structures, are represented within the glacuofIuvnal/glac1olacustr|ne sedxments

Primary structures range from fine— gralned rhythmltes to coarse- gralned and imbricated - 3

cobble gravels The secondary structures are predomiqantly expressﬁs faults Each of

or burned ice.

& i)
the dlfferent fault types is attributed prlr'\crlly to the mwn%g of confi

34’

w

. L e
R . co, R )-T“ “,:31 i A ) -
R 4 oOTRG -

bt

’

Comblnmg the prevuously discussed descriptions and interpretations with the -
>

surfncral deposits maps it is apparent that a varlety of depositional environments exusted N,
the study area. The present surface conf|gurat|on is maln)y attributed to the geomorphlc
precesses which occurred during late Wisconsinan deglac1at|on However the preglacnal
topography at Ieast one earl»er glacial episode and climatically - mduce«tprdpess@s dunng . |

postglacnal times have also |nfluenced although to a much lesser ektent, the creatnompf the §
‘ |-

) 1 ‘_‘:‘
ro =)
s ¥
Th\} discussion stresses the geomorphnc processes and events whnch occurred

W|thm the Edmonton reglon genem!iy anq the study area specn‘lcally durmg and“follovgng i
L “J .
the last deglaciation. Very few details arexknown about earlier Quaternary processes and

events except that at, Ieast two glacnal eplsodes )?re represented by two separate tills. - At e

one location in the study area two tllls pOSSIny equxvalent to those above are separated

)
c.fr,L

o
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“.':_.T)‘“\e time—spans for both the glacial and nhgng/a‘ma/ intervals are
unknown, althrfiugh thetfi‘s'mg/ama/ interval, as represented by the |ntert|Il lacUstrine

sediments, is at Ieast afold as 26.000 years BP {see Section 3.3.2.4). 7 ,

Geochronology is used as a connecting thread to.outline the landform genesis and
; Iandsgape evolution of the study area Several regional geomorphic events and cllmatic
phases are considered to be correlative with the creation.of particular Iands.cape elements
within the st&y area (Table 5.1). Several developmental stages are presented and
discussed in the “ollowing pages. The basic framework for this discussion follows t‘he‘
v work of St Onge (1972). Westgate et a/., (1976) and Christiansen (1980).

o I . :
. 5.3 Stage One: Circa 14,000 years BP.to c/irca 12900 years B.Pv

, ‘ %
Progressive downslope retreat of the Laurentide ice front to the‘northeast enabled

a sequence of proglacual lakes to develop along its-margin. - At approx:mately«"lil OOO

years BP. Glacial Lake Leduc was in existence (Flgure 5.2a). By 12,500 yeal"'s% P. water

- from Glacnal Lake Leduc had dralned southeast through the Gwynne Outleﬁ ints; Ahe Battle - %

River system eventually reacting Glacua'l Lake Saskatc eWan Glamal Lake Sty

) reduced phase of Glacial Lake Leduc, was boundefd by the retreatlng ice and afso%: 1
@ v
: stagnant ice in.the study area (Figure ©. 2b). The North Saskatchewan River constructed a

arg\e delta into this lake west obEdmonton Wlthm the study area a delta (see Sectlon :

- = 4 3 2. 3) formed as superglacral meltwater flowed into thns lake (Flgure 5.2b, Slte a).

&)

. 5.3.2 Stage Two: Circa 12,000 years BP. to circa. | l 000 years BP.

Further ice retreat allowed Glacial Lakexguderhelm to form rmmednately north of
Elk lsland Natlonal Park. This glacial Jake became the new base—- Ievel for the North

o Saskatchewan River, enablung a ‘'second, lower delta to be constructed In the study area,
SR ‘ .
SN {Uthe fake water lmpounded between the retreatmg ice and the stagnant ice, deposxted ’

lacustrine, sedlmenfg> The prevaullng northwest wmds blew ice bergs with, encorporated ~

*"t..

. debrls from the recedlng ice mass across the lake where they accumulated |n the.

e
8

. 4 ~ embayment (Figure 5.2c). The materlal-from these blocks was deposited synchronously

~

 with Iacustrine deposition (see Section 4.3.3.4l0,., ' %
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By 11,500 years BP. the ice had retreated to the north and east of the study area
(Figuré 5.2d). Glacial Lake Bruderheim had drained via the_.VermiIion‘ Spillway and the North
Saskat)chéwan River was able to flow unimpeded to Glacial Lake Saskatchewan executing
its initial incision through the Edmonton district (Table 5.1). Some stagnant ice remained in
the study area, isolated and buried under a‘ thick superglacial debris.cover. Here, landform
formation was Iimitz_ad because till deposition was lérgély by basal melt-out {see Section

3.1.2.3}

5.3.3 Stage Three: Circa 11,000 years B.P. to circa 9,000 years BP.

By 11,000 years BP. most of the Edmonton region was ice—free except for the
buried, stagnant ice of the Cooking Lake moraine (FigLere 5.3). At that time a warming trend
with increased precipitation was in progress {Emerson, 1983). Also, the large

contemporary lakes had begun to fill.

'.Stage Three represented the time, of most significant morainic and
glaciofluvia[/glaciolacustrine landform formation in Eik Island National Park. For a time
prior to 11,000 years BP. the superglacial debris cover had been stable, inhibiting marked
ablation of the buried ice. The dev_elopmeht of small thaw lakes/ponds in the superglacial
zone eventually ruptured this stable debris promoting the evolution of more pronouncéd
local relief. Disinteération of the stagnant ice ensued, allowing relief inversion of morainic
landforms to proéeed. The let-down theory of landform formation best explains the
genesis of the described hummocks and prairie mounds of the study area (see Chapter 3).
There are numerous examples of 'supefglacial lacustrine sediments occupying the central
core %f hummocks. The sediments are usually draped or distorfed by sediment flow
diamicton (see Section 3.3.2.1). These observations indicate that mass movement in the
superglacial environment was mainly respor,msiblé for‘filling in the thawﬂlakes/ponds. As
material accumulated in the depressions th;a ice—cored flanks,L'now having a thinner debris’
cover, were exposed to increased rates of surface ablation.- The: afore, with final melting,
raised areas (which were once depressions) remained flanked by intcrvening depressions.
Dependent upon the configuration of the buried ice below the original depressions either
hummocks (see Section 3.3.2) or prairie mounds (see Section 3.3.3) developed. Ridge .

forms can be explained in a similar manner: In this case, however, the original depressional

¢
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Figure 5.3  Stage Three : Circa 11,000 years B.P. to circa 9,000 years'B.P.

This stage represents the time of most significant morainic and glaciofluvial/glaciolacustrine

landform formation within the study area. The time interval was détermined from radiocarbon |

dates on molluscs from superglacial lacustrine sediments
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areas were linear, probab_l'y developing along crevasses as the stagnant ice broke up.
Shells found within the superglacial lacustrine sediments were radiocarbon dated from
’ abcut 10,900 years BP. to 9.050 yeafs B.P. (Table 5.1 and Figure 5.3) and indicate that this

stage of landform formation lasted at least 2,000 years.

Synchronous with rﬁorainic jandform formation was the develobment of large
superglacial and inframarginal lakes! Glaciolacustrine sediments now mark their extent,
thinning to only a shallow veneer over till 2 .. 4 their margins (Figur_e 5.1). Meltwater.
streams issuing into these lakes constructe! =mall deltas (see Section 4.3.5). A karﬁe
complex (see Section 4 3 4) developed Iin the central part of Elk Island National Park. Here,
upon final melting of buried ice, rapid shifting of glaciofluv’fal channels and lakes/ponds
producedb an assemblage of hummocks and depressions dominated by stratified drift and

L

sediment flow diamicton. -

5.3.4 Stage Four: Circa 9,000 years B.P. to present

By 9,000 years B.P. the glacigenic deposits were more—or—less in their present
sonfiguration and all buried_.ice had now been removed. éy 6,000 years B.P. the
Alt'ithermal interval of western Canada had ended. A trend towar'ds cooler and moister
conditions prevailed and by 4,0001 yearsBP. the climatic change had stimulated a
vegetation transition from open parkland to closed forest conditions ahd pond formation
within the study area (Table 5.1 )./;” ‘The modern vegetation and landscape elements were

probably fully established by 2500 years BP.

5.4 Conclusion : ) . " .

This study has shown that within the northern portion of the Cooking Lake moraine
diverse types of morainic and glaC|oﬂuvnal/glamolacustrlne landforms occur. All of these
are characteristic of hummocky moraine tracts. The predommant landforms and
assomated sediments reflect the chaotic disintegration of alarge mass of stagnant glacial

ice.

Several conclusions are drawn from the research. First, the processes

responsible for the creation of the landforms within the study area took place primariiy in

P
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the superglacial environment Sedimentation, re§ed|meniation and finally deposition were
controlied, to alarge extent, by the presence of an unequgl, ice—s‘u\rface,d debris
distribution and buried stagnant ice  Secondly, the observations and interpretations
presented previously (for example. the dominance of sediment flow diamicton with
frequent inclusigns of water -laid sediments) indicate that the genesis of the morainic
landforms was, in most cases. bly let-down and relief inversion. T&ig is not to say,

however, that all morainic landforms within humimocky moraine tracts evolved in this

manner. lhdeed. the literature has shown well that other formation mechanisms do occur.

.

Thirdly. the glaciofluvial/glaciolacustrine landforms were formed in an /ce-contact
-. environment. The characterlstucally pitted morphologic expression, and the common
occurrence of secondary deformation structures within the sediments, attest to the

post—depositional removal of buried or supporting ice.

Finally, the geochronology outlined here for the study area fits well with
established interpretations of the late Quaternary events of cerlfral Alberta. Radiocarbon
dJating on rﬁollusc shells reveéied that the most significant Iand!form formation took place
between circa 11,000 years BP. and c/rca 9,000 years B.P. The si¢nificance of this rests
in the fact that buried stagnant ice remained in the study area long after the retreating,
active ice front of the Laurentide ice sheet lay ~fa\r to the north and east of the Edmonton
area. It appears that from circa 8,000 years BP. to the present the later, more subtle
evolution of the landscape related mainly to f‘|lmatlc changes (e.g. those of the Altlthermal

interval) where trends in temperature and precipitat_ion affected the lake hydrology and

vegetation succession. "
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6.1 Till Fabrics: Theory and Analytic Methods
6.1.1 Introduction

Various authors have noted transverse and parallel orientations of tillstones with
respect to the former ice flow direction. A number of explanations exist for both of
these fabric modes plus the frequently ‘observed bimodal fabrics. Consistently parallel or
transverse, and bimodal fabrics have been observed for lodgement and melt—out tills
(Holmes, 184" ; Harrison, 1957. Glen et a/., 1957; Harris, 1969 Boulton, 1970a, 1971,
.Evenson, 19{7 1). These variations have been attributed to stone geometry (Holmes, 194 1;
Andrews, 197 1b), stone collisions and concentration (Glen et a/., 1957; Evenson, 197 1),
glacier flow regime (Harrison, 1957 Boulton. 1970a, 187 1), non—random primary
entrainment (Glen et a/., 1957, ti'r‘ne—duration of entrainment (Glen et a/.. 1857) and
sg,condary flow cells (Shaw and Freschauf, 1973). In flow tills parallel and transverse
prefer<red ofientations are defined. with respect to direction of till flow, not glacier flow

direction (Mark, 1974; Lawson, 1878,

Some authors have paid particular attention to a preferred upglacier plunge
(Harrison, 1957; Glen et ar/‘, .1957: McClintock and Dreimanis, 1964; Boulton, 197 1) but
have attributed this plunge to different reasons. Evenson (187 1) grouped these into three

w

theories; ice—shear, slope, and till~shear.

»

The fabrics can also be post-— deposutlonally reonented by the weight of overlying
ice (Hoppe, 1952), advance of another ice sheet (McCllntock and Dreimanis, 1964,
Ramsden and Westgate, 197 1) and debris flows (Boulton, 1972; Mark, 1874, Lawson,
1979). Reorientation may even occur in response to present-day processes of
pedogenesis, mass movement, frost penetration and biotic agencies (Straw, 1968).
Therefore, final particle orientation-need not occur within the ice and, in fact may develop

later as a response to many variables.

Till fabric analysis is therefore used to assist in the interpretation of former glécier
flow directions and/or the geomorphic processes involved in till formation. However,

.183
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care must always be exercized in strictly applylng till fabric information. It should only

augment the other indicators and the genetic classification of till

6.1.2 Data Display

The data from each of the sample sites were first displayed using
two-dimensional, mirror—image, rose dnagrams which portray the number of pebbles
within 100 azimuthal classes. This technnque has the advantage of conveying a strong
visual impression. However, there is a loss of information as the plunge data are not
incorporated. Also, the mirror—imaée tend; to artificially accentuate the strength of the
fabric and the visual impact can be altered substantially should the class interval or starting

point be altered (Andrews, 197 1a)

The combined directional and plunge data were thus integrated into
three—dimensional, contoured, equal—area projections. These comouter—generated,
circular diagrams were developed using a method developed by Kamb (1959). Azimuthal
degrees are calibrated around the circumference while plunge values increase from 0° at
the perimeter to 90° at the centre of the circle. Kamb's (1959) method requires that a
pre—determined grid network be placed over an equal-—area projection. A small open
circle, the area of which is 3 percent of the area of the larger circle, is then centred over
each of the grid points and the number of data points falling within this counting circle is
recorded The distribution of these numbers, obtalned from successive counting circles,
can be manually contoured. However a standardized format ‘which is both mdependent of
the sample size and may be applled to all studies, is necessary This is achieved by
expressing the contour interval in standard deviations (Andrews, 197 1a). The commonly
selected contour interval is two standard deviations. Contoured fabric diagrams again
provide a good visual impression of till fabric infc;rmation. However, like conventional
rose diagrams some I.oss of information is expected as data are grouped into class

" intervals.
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6.1.3 Statistical Treatment of the Data

Krumbein ”93,9) was the first to realize that more than just a visual evaluation of till
fabric data was sometimes needed. In order to generalize about the population of till
particles at an exposure, and also to allow controlled comparison between fabric sites in
terms of mean orientation, strength of this orientation and the degree of clustering about
the principle axis, a number of complementary statistical analyses were used. As each
pebble measurement is considered to represent a unit vector, addition of these
~ projections gives the azimuth and plunge of the resultant vector. The direction of this
resultant vector represents the mean orientation ahd the length indicates the vector

strength (R (Fisher, 1953; Watson, 1966: Steinmetz, 1962).

Statistics produced by the eigenvalue analyses of axial orientation data are an
effective means of representing till fabric information (Mark, 1974) Because the
ndividual observations represent unit vectors, eigenvalues ( 1, 2, 3) can be computed from‘
a 3 X 3 matrix of the sums of cross products of their directional cosines (Watson 1966;
Mark, 1973: Woodcock, 1977). The corresponding eigenvectoqs (V1,V2,V3
respectively) are also determtned V1 shows the axis of maximum clustering and
therefore represents the distribution mean (Woodcock, 1977) Hence, the primary mode
of the till fabric, w:th principle azimuth and plunge, is vmphed (Mark 1874). As the
eigenvalues must sum to the sample.number ( 1+ 2+ 3 = N) they may be normalized to the -
form j/N=S§j Therefore S1 + S2 + S3 = 1 and each measures’the degree of clustering
about their respective eigenvector (Woodcock, 1877). S ultlmately measures\the degree
of axial clustering about the mean axis and isrc.ohsequently avery powerful ihdicefor of

the strength of the preferred orientation .of the till stones.



T 7. APPENDIX 2
7.1 Radiocarbon dates at Site H-BR-45
(see pp. 102-109)

Field Sample Number: EIP-DJ-A2
L_ab'q_ratory Number: S-2159 '
Radiocarbon Age: 25,550 yrs. BP

‘Material: wood fragments, grasses (species unknown)

Enclosing Material: lacustrine silt and clay
Geogr .. “ic Location: 200 metres south of Astotin Lake, Elk Island National Park, Alberta.
Latitude: 53° 39 58" N
Longitude: 112°52' 00" W
NTS Sheet Number: 83 H/10
Grid Location: 766477

Details of Collection Site: The sample was extracted during an exploration drilling
programme. The borehole site was on the top of a morainic hummock approximately 200
metres south of, and 8 métres higher than, Astotin Lake.

Local Stratigraphic Relations: The sample was retrieved from an auger depth of 11.5
metres. The thick silt and clay layer (5 m) occurs stratigraphically between two tills.
Bedrock was reached at a depth of 29 metres. :

Significance of the Sample: Since the silt and clay layer is sandwiched between two tills
it probably represents lacustrine sedimentation prior to the last glacial episode.
Therefore, the radiocarbon date gives the minimum age for a nonglacial period separating
two episodes of glacial activity in the area

Field Sample Number: EIP-DJ-A2
Laboratory Number: S—2160
Radiocarbon Age: 26,000 + 1100 years BP

\

Material: wood fragments, grasses (species unknown)

:Enclosing Material: lacustrine silt and clay

Geographic Location: 200 metres south of Astotin Lake, Elk Istand National Park, Alberta.

Y

Latitude: 53° 39' 58" N
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Longitude: 112052 00" W. -
'NTS Sheet Number: 83 H/10
Grid Location: 766477 '

|

Details of Collection Site: The sample was extracted during an exploration drilling
programme. The borehole site was on the top of a morainic hummock approximately 200
metres south of, and 8 metres higher than, Astotin Lake. ’ ;

Local Stratigraphic Relations: The sample was retrieved from an auger depth of 14.5
metres. The thick silt and clay layer (5 m) occurs stratigraphically B_etwean two tills.
Bedrock was reached at a depth of 29 metres. \ ‘ .

“ - i \ ‘
Significance of the Sample: Since the silt and clay layer is sandwiched between two tills .
it probably represents lacustrine sedimentation prior to the last glacial episode. a
Therefore, the radiocarbon date gives the minimum age for a nonglacial period separating
two episodes of glacial activity in thé area - ; ’
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