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- ‘ Abstract {

4 Glacial diamictons described and sampled during regional stratigraphic studies in

Jasoer National Park, Alberta, Canada, were categorized using a facies approach. The
classification scHeme (was based Iﬁly\(m objective field criteria but it was designed to
ultimately aidsin genetic interpretj ions ot the described deposits whioh are required for
meaningful stratigraphic correlations. It is hoped that the till 'facies’ described for the
Jasper region will be applicable with modifications to other mountain areas, as \'/vlell as
provide a basis for the develooment of non-genetic classification schemes of glacial
deposits in other environments. i R

' Eight main diamicton types and six subtypes were recognized: 1) Massive ¥

{ .
diamicton (subtype 1a - with rare. steeply dipping sand and gravel lenses and layers;

"sqbtype 1b - with rare, plano-convex, sand and gravel lenses); 2) Massive diamicton with
abundant vstriated,‘ faceted and embedded clasts; 3) Banded diamicton; 4) Massive
diamicton containiné circular sand and gravel lenses; 5) Bouldery diamicton with numerous,

' highly disturbed, sand and gravel lenses and layers; 6) Massive to moderately stratified |
diamicton containing trough-shaped, sand and gravel ienses,‘ (subtype 6a - dominantly
diamicton with disrupted stratification in the sorted materials; subtype 6b - diamicton less
dominant and contains abundant undisturbed lenses); 7) Coarse textured diaéicton

. igterbedded with sands and gra\'/els (subtype 7a - matrix sandy- subtype 7b - matrix
gravelly); 8) Massive diamicton mterbedded with horizontally |aminated silts and clays.

. - Environmental mterpretatlons of the glacial diamictons are based on mformatuon -~
p;esently available from process studies in modern glacial environments, The eight types
can be grouped into four major genetic oategories based on interpre.tations'on the
position of formation within a glacier: 1) basal tills (types 110 3); 2) englacial tills (type 4);
3) supraolscial tills {type 5); and 4) ice-marginahl deposit's_ (types 6 to 8). Til types of the
first two geﬁ‘etio cateéories commonly are vertically and laterally gradational with one
another. This basal/ englacial sediment vss'sociation occurs because types 1 to 4 apparently
all formed in the basal debris-rich zone (although type 4 diamictons were entirely encased
within ice at the time of formation) Contacts between till types 1 to 4 usually are ’
" conformable further suggesting a genetic relationship. Similarily, tifl types 5 to 8 forma

'supraglacial/ ice-marginal sediment association since they usually occur togothef and grade

iv



Iéterally'into one another. gontacts‘sdparating tilt types of the basal/ englacial sediment
‘as§6ciatiori {types 1 to 4} from those of the'supraglacial/ice-marginal sediment
association (types 5 to 8) corﬁmonly are erosional.

The utility of the facies abproach in solving stratigraphic problems was tested by
the analysis of a complex sequence of g‘lécial diarr\ictons in the Portal Creek area. The
genetic interpretations placed on the facies were validated by a general agresment
between the expected and observed facies sequences. and also pror/ed useful in solving
stratigraphic problems.

Stratigraphic and provehance studies in the Portal Creek region reveal three major

sediment packages of distinct provenance indicating that three separate glacial events may

have occurred. However, an environmental analysis of the deposits shows that the oldest

! .

two groups of sediment probably were depos:ted during the same episode. Changes in till
- provenance are believed to be the result of fluctuations in the dominance of two confiuent
glaclers originating in dif ferent valleys: The facies analysis supports the stratigraphic
evidence that the third:sedimentary package was deposited in a distinct g|acial episode at a
signifi‘cantly later time than the underlying deposits. Although stratigraphic correlations
with dated sediments are tentative, both glacial events recorded in the Portal Creek
‘stratigraphic record are presumed to be Late Wlsconsman in age.

'
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I. Introduction
This thesis was initiated as a stratigraphic §tudy of Pleistocene sedimentary
deposits in Jasper National Park. The park was chosen as a field area because the
Quaternary stratigraphy of the region had never been investigated. Reconnaissance
sur ficial mapping and stratigraphic studies were carried out during the summers of 1982
and 1983. Dun;‘méfanalysis of the reguona} level data it soon became appa'rent;that
traditional stratigraphic methods were not suitable for the correlation of glaélal deposits in
the regiqn. The major reason for t‘his’ is the complex dynamics of glacia_l sednimentatlon n
the mountain environment. Numerous authors (Sharp. 1349; Boulton. 1970, Karczewsk!
ar;d Wisnniewski, 1976 Boulton and Eyles, 1979; Eyles. 1979: Lawson. 1873a. 1981b.
1982; Haldorsen, 1982) have observed the large chahges in depositional environment that
can occur over short vertical and horizontal distances in valley glaciers. In addition, recent
P
advances in the rapidly evolving fields of glacial sedimentology and till facies analysts have
had major implications on the stratigraphic interpretation of compiex Quaternary
sequences (e.g. Proudfoot, 1985). Consequently, the original stratigraphic emphasis of
this study shifted towards an environrﬁental analysis of the glacial deposits in the region.
This thesis is one of the first systematic facies analyses of ancient glacial
seidiments in the mountain environment. The sediment categories presented have not been
previously described. Facies designatiohs are based on readily obs:ervable field criteria
and, consequently, they are of use in regional stratigraphic studies where large numbers
of outcrops must be described in a short time. Tills originate in éomplex depositional
environrﬁents and an understanding of their genesis aids greatly in stratigraphic research.
Consequently, the criteria used to dlstmgulsh till types in this study, although objective in
nature, were also selected to be relevant for genetic interpretations WhICh would
ultimately aid in deciphering the stratigraphy of the area. Environmental interpretations
were made mainly 'by reference to recent sedimentary analogues and process studies on
modern glaciérs. The accuracy of the genetic interpretations was tested by comparison of
ekpected and observed facies Sequences. Finally, a case study Qf a stratigraphically
' complex area was made to test the utlllty of the anuronmental mterpretatuons in solving

stratigraphic probler‘i\s the ultimate objective Gf this research.



Descriptive approaches to the analysis of glacial deposits have not been developed
in the past, mainly because of the commonly massive and homogenous nature of tilis. The
facies designatioﬁs described here rely heavily on the presence of stratified materials
which are often intimately associated with the tills. This reliance on associated stratified
sediments in the classification system is justified. as interpretations on till génesis are
often largely based on these sediments (e.g. Lawson, 1978a,1981a). .

) Recent till facies studies have been concentrated in praikie areas (Porter. 1983;

Proudfoot. 1985) and littie wiork has been done in mountain regions. It is hoped that the till

‘classification system developed here for glacial sediments in a mountainous region will be

applicable with modifications to other mountain areas, as well as provide a basis for the

development of non-genetic classifications of glacial deposits in other environments.

A. Objectives
The objectives of this thesis are:

1. ‘to de.scr)ibe the characteristics of glacial deposits observed during regional studies in
the Jasper region; | ‘

2. to develop a till cl.assification system based on objeciive field criteria that will
ultimately Be of use in génetic interpretations of tﬁé deposits and in regional
stratigraphic studies; ) 3

3. tointerpret the depositional environment of each till type by comparison with similar
deposits in modern glacial environments; and |

4. to test the usefulness of the classification system by the study; 6f a stratigraphicatly-
complex‘ar.ea ir_) the Jasper region and to determine the relevance of genetic
interpretations of the classified deposits in solving spécific stratigraphic pl‘éblems.

:

o ¢

B. Study Area ' Loy

Location snd Physical Setting ' &
) L '
The study area is located in the Rocky Mountains of west-centrat Alberta and

encompasses a large portion of Jasper National Park (Figure 1).-The Continental Divide

forms the western boundary of the study area. Jasper townsite (1058 m as|) lies ‘

‘



Figure 1:Location of study area.

m .\qer
. leq
1]
‘90
Atha©s
River
Pocahonta * Q
W g
'(,’ < Edmontop

. @

<

Portal Creek Jasper )

Sections ) ah O
&/

o]
Z ks
7 Jasper ’_ '
National Park o Calgary
ALBERTA 3

,0__ 100 200 - 300
050100 150 .

49° -t T
114°

49°

100



approximately in the center of Jasper National Part‘g_' (Figure 2). Relief in the region is high
with mountain peaks commonly rising about 1/500 m above valley bottoms. Mt. Robson,
the highest peak in the Canadian Rockies (3954‘m), occurs about 75 km west of Jasper.
Studied sections occur mainly in the Athabasca, Miette, ‘Whirlpool, Snake Indian, and
Rocky river valleys, (Figure 2) where thick sequences of Quaterhary sediments are

present.

Climate
The mean annual, January, and July temperatures at Jasper townsite for the period
1941 to 1970 are 2 8°C. -12.2°C, and 15.2°C, respectlvely (Atmospheric Envaronment _
Services, 1971 7) Total annual precnpntatlon and snowfall are 401 mm and 1370 mm. Large
" variations in climate occur over short distances dug to topographic control. Precipitation
~ along the Continental Divide, for example is much higher than in the vaIIey bottoms and

temperatures are lower, resultmg in the development of extensive ncef:elds

f\)ngetation and Soils’

Three main vegetation zones occur within the region feflecting climatic variations
with elevation (Knapik and Coen, 1978). The montane zone in the valley bottoms and lower

valley sides is characterized by xeric‘grasslande, lodgepole eine {Pinus contorta), Douglas

tir (Pseudotsuga menzeisii), trembling aspen (Populus tremuloides), ‘or white spruce
(Picea gl/auca) eco$on‘es. The subalpine zone occurs ,on\:“ higher elevations on valley sides
and is cheracterizeg by subalpine fir (Abies /asiocar pa), Engelmann spruce (Picea Q : .
engel/mannii) and alpine larch (Lagix Iyallii). Treelme lies at about 2200 m on south facing
siopes and 2000 m on north facing slopes Vanous heather willow, sedge graS// and
dryas species are common in the alpme’zone (Knapik and3 Coen, 1978).

Soils in large velleys such'as Ithbe' Athabasca are dominantly of the Luvisolic and
Brumsohc orders with Gleysols freqvently occurrmg ahbng floodplams With increasing
elévation, there is a gradual transition from Luvisolic soils’ below about 1500 m to mainly -
Podzohc soils above. Regosols dommate on steep, unstable slopes and, as such, they are
a sngmfucam soil type in the study region (Knapuk and Coen. 1978). Soil and vegetation

maps of the area have been provided by the Jasper Bnophysu:al inventory (Holland end
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Figure 2: Place names in study area.

N (s,
;-
. ' \‘
x '7 N
A 1 B Srar
Mt Robson 3954m K

< w Cr.«
W

Park boundery ------}'-’----\
Provrcel DOSONY 4 « = e = =po ~ ape

3

—,—
20 KM '
g -
, ;




Coen, 1982).
P~hysiography and Bedrock Geology __'

fhe geology of the Jasper region was first investigated around the turn of the
century (P:lp'ctor, 1863; McConnell, 1887; McEvoy, 190 1. Rutherford, 1925; and Kindle,
1929). Later researchers worked mainly in the Sunwapta Pass area (Allan, 1938;
Severson, 1950; and Hughes, 1955) and in the Foothills and easternmost Front Ranges
(MacKay, 1943; Lang. 1947; and O'Brian, 1960). Detailed bedrock maps of the Jasper
region were not published until the 1960°s ard later (Charlesworth et. al., 1967,
Mountjoy, 1960, 1961, 1962, 1963, 1964 Mountjoy and Price, 1984 and 1985) and
still are not available for all of the park. All of Jasper Park, however has been mapped at a
small scale (Price and Mountjoy, 1970; Campbell, 197 1; and Green, 1972).

The study area lies entirely within the Main and Front Ranges of the Rocky
Mountains Physiographic Region (Bostock, 1970). The Front and Main Ranges
subprovmces are separated by the Pyrami \g Thrust in the south and the Snake Indian Thrust
in the north (Mount;oy 1881). The Front Ranges are comprised of a series of about 6
thrust sheets VYhICh have moderate to steep southwesterly dips. They are composed
mainly of carbonates and shales from Upper Cambrian to Jurassic in age (Figure 3). Steep
cliffs form on the nor‘theast edge of the tl(;rust blocks and more gentle»slopes occur along
the more gently dipping bedding planes. The northwesterly's‘truc;tural trend of the Front
Ranges is emphasized by /the development of valleys along relatively weak Mesozoic
shales and sandstones which aré separated by linear ranges of resistant Palaeozoic
carbonate (Price and Mountjoy, 1970). ' . 4 S »

Wilthin the study area, the Main Ranges subprovince consisté of thick, relétively flat
lying. or gently dipping, thrust blocks with broad folds and southwesterly dipping normal
{gravity) faults (Pruce and Mountjoy, 1970). They are mainly composed of d:stmctly bedded
carbonates, quartzose sandstones; and shales of Cambrnan and PreCambrian age. Valleys
have been carved mainly in the more untensely folded shales and sandstones of the '
PreCambrlan Mnette Group (Figure 3).

The northwest-southeast structural trend of the Rocky Mountains, has wnposed a

strong control ‘on the ohentatuon‘ of rlyer valleys, particularly in the Front Ranges. In the
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Main Rang;es, the ralatively flat lying strata and broad folding has resulted in less structural
control and many rivers flow from the area of the Continental Divide to the northeast. The ‘
Miette River valley is the most prominent of these and forms a major transportation
corridor which crosses the Continental Divide at Yellowhead pass (Figure 2). .
The main structural culmination in the Alberta segmen; of the Rocky Mountains
occurs across the whole of theﬂ!\//!ain Ranges in the Jasper-Yellowhead Pass region and &
corresponds with the area of e;densive expdsures of the PreCambriar Miette Group
(Price and Mountjoy', 1970). Most Main Range mountains, parti(;ularly those along the
Continental Divide, are over 3000 m. Due to their high elevation, they are commonly ice
covered and form rugged castellated peaks with well developed cnrques and other glacial
landforms. Ir contrast, peaks in the Front Ranges are mainly 2000 to 3000 m in elevation
and support qnly one major’icefield in Jasper Park (Brazeau Icefie!d). Due to this
decreased glacial activity, as well as the pronounced structural control, glacially eroded
features are poorly devetoped in the Front Ranges. ( '
The geologic structure, stratigraphy, and tectonic evolution of the Récky
Mountains have been discussed by numerous authors in recent years. Summaries are
provided by Price and Mountjoy (1970), Wheeler {1970), Wheele_,r et.al. (1972), Aitken.and
MacQueen (v1,976), Campbell et. al. (1976), Simony and Charlesworth (1976), Monger and

Price (1979). and Price (1981).
C. Previous Work -

Surficlal gﬁzlogy , e
Rlo detailed analysis of surf:mal sediments of Pleustocene age-had been carried out

i(\ Jasper National Park prior to this study. Previous research concentrated mainly on , -
Holocene deposits and climatic change (Heu;ser, 1956; Bowyer-Beaudoin, 1977 and
1984; Kershaw, 1977; Luckman, 1977; Bednarski 1979; Luckman and: Osborn 1979;
Holland, 1980; Kearney 1981; and Kearney and Luckman, 1981, 1983a, 1983b) and on
the geomorphology and Neoglacial deposits of the Athabasaca Glacuer reglon (Jenmngs
1951 Ommanney 1976; Mills, 1977a, 1977b; and Baranowski and Henock, 1978).. The-

general geology, geomorphology and hydrology of the Maligne Valley reglon have been
i . . , _



described by Roed {1964), Brown {1970), Luckma‘n {1873). and Mountjoy (1974).
Mapping of the Quaternary sediments in Jasper National Park has been carried out
by Reimchen (1876) and Holland and Coen (1982). The hydrology of the southern part of

the study area was reported on by Barnes (1978).

Glacial History
\ Roed (1975) 3tudied the Quaternary Geology of the Edson - Hinton area. east of
the study region. He found evidence for three glac;al advances or:gmatmg in the Jasper
area. The oldest and strongest advance was theeMarlboro which flowed out of the
Athabasca valley and coalesced wnh eastern ice in the vicinity of Edson (Figure 1) and was’
deflected to the southseast, pal:,ellel to the mountain front. Roed (1975) suggested thaf the
Marlboro glacier transported the quartzite erratics of the Foothills erratics traifh described
. by Stalker (1956). The Athabasca Valley erratics train, consisting of low to medium grade
metamorphic rocks {mainty talcose, garne't, and quartz-biotite schists), was also
. transported by the Marlboro glacier (Roed et. al., 1867). The source of these metamorphic
rocks is probably in the Monashee Mountains or Premier Range of British Celembia.
Consequently, the Marlboro glacier probably originated, at least in part, west of tne Rocky
Mountain Trench and flowed ai:-noss the Continental Divide into Jasper l\iational Park (Roed
et. al., 1967}. This is supported by the glaciated 'U- shape’ of Yellowhead Pass and other
passes along the Contmental Dlv'de wast of Jasper
The second glac:al event recorded by Roed (1975) was the Obed advance which-
may merely have been a readvance of fhe Mariboro. When the Mariboro glacuer had
retreated te the Brule Lake area (Figure 2) it was subsequently incorporated by the Ohed
" glacier which ‘formed an extensive piedmont lobe at ihe mountain front. The youngest
advance in fhe area (Drystone Creek) was shott Ii\fed and “restric_ted to higher e'ilevations in -
the Front Ranges Roed {1975) also found some evodence for a possible ‘early’ Cordalleran ‘
advance. The detans of its history are obscure but it possibfy flowed beyond the mountam
front and met with an early Laurentide glacuer. Although,,none of the advances were dated,
Roed suggested.that the Marlboro, Obed and Drystone Creek advances Weke Late .
Wisconsinan in age,More r'ece.ntly, the Mariboro advance has been considered to'be Early

Wisconsinan in age, although dating control is still laeking‘(Runer, 1984).



s

10

v

Late Wisconsinan'glaciers in the Jasper region had receded to near their present
limits prior t® about 10,000 years B.P. (Luckman and Osborn, 1979). A minor advance
{Crowfoot) extending about one to two kilometers beyond present glacier margins
probably occurred between 8,500-9,200 or 9, 76)0 12,000 years B.P. (Kearney and
Luckman 1981). |
D. Definitions ’

The terms “diamicton” and "till", as used in this thesis, follow the definitions given
by Dreimanis (1982a). - |

Diamicton is defined as |

’ “any non-sorted or poorly sorted sediment that contains a wide range of
particle size/s" | ot S
(Dreimanis, 1982a, p }5). By this definition diamictons may be matrix or clast supporte§1
although the former tends to dominate in poorly sorted and unsorted glacial deposits.
Diamicton is a non-genetic term. It should be noted that poorly sorted gravels of fluvial

origin are, by defmmon diamictons while moderately sorted deposits (even of glacial

origin) are not. The sorting scale used here is that of Folk (1980).

*

Till js defined as _ |
“a sediment that has been transported and depesited by or from glacial ice, "
with little or no sortmg by water” | i
{Dreimanis, 1982a, page 21). The defmmon includes glacial debris deposlted by sub-aerial
or sub-aquat!c mass movements Sff glacial ice. Such deposits have frequently been
referred to as flow tills (eg Boulton 1968, Dreimanis, 19323) and more recently as
secondary tills (Boulton and Deyn0ux 1881) or allg-tills (Drelmams 19823)

- However, some authors, partlcularly those working inrmodern gl&cual

. environments, do not consider secondary or resednmented glacial deposits as tills. Lawson

(1981a page 78) for example, defines till as
sednment deposuted directly from glacmr ice which has not undergone

subsequent d;sqggreg_atlon and resedlmentatuon"i :

~ This more restricted definition of till is net_ used here for two reasons: -

" 1. The presAe‘nCe of glacial sediment in an area indicates the proximity o‘f'g!ac'ial iceat - - -

P
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one time, whether or not subsequent resedimentation occurred. Referring to debris

R ‘\' . . .
that has flowed off glacial ice as a "sediment flow" rather than a “fiow till” does not
. Q R i .
identify its glacial ofigin. Even though the glacial sediments may have developed new

non-glacial properties, it is important for climatostratigraphic reasons to distinguish

glacial and non-glacial deposits. . : \

2. Tills deposuted dlrectly by glacier ice commonly grade into resedimented deposits
and often ‘they are md'stlr)guushable even in the modern environment (Dreimanis. =

- 19&a; Lawson, 1879al. ’

The use of a broader definition of till than that used by Lawson {198 1a) does not

a

prohibit the distinction of groundéd ice and proglacial deposits, but merely allows for the

identification of glacial deposits as such. The former distinction is critical for stratigraphic

interpretations. Although it is not always possible to distinguish fbw tills from non-glacial

sediment flows a glacial sediment source can usually be recognized by the properties of
individual clasts (e.g. erratic Iithologies or striations). However, the possihihty of
remobilizing previously deposited till. during non-glacial times must also be considered.
Such deposits may-ottenbe recognized since they usually conform tathe regional siope
and they are mainly confined to the valley si\dle. However, diagnostic criteria are not always
present and the genetic interpretations placed on many deposits are subject to revision.
For this reason, the term "diamicton" was used in the field and the term “till” is used only in_

an interpretive sense. -

Glacial dia_rnictons that have lenses, pods or other inclusions of sorted material may .

be referred to as tills’ prov:ded that diamicton dominates throughout the unit (Dre;mams
1982a). Thin diamictons of glacml origin may also be called tills sven though they are
mterbe&&ed with sorted and stratified matenals but the entn’re sequence of such depos:ts
should be referred to asa tall complex’ (Boulton and Eyles 1979) '

F /ow till is defined here as
“till deposuted by any mass mo)ement of debris on or from glaclal ice”

(Drelmams 1882a, page 18). Such glaclally |nduced mass movements rmay occur by

flowmg slldmg spalling, slumplng or drOppmg (Lawson 19793 Dremhanas 19823) In .

addmon they may occur oh the surface of a glac:er along the ice margm orin subglac:al

r.d
£

and englaclal cavntles (Drelmams 1982a). Consequently, flow tils may have a'wide varnety -
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of genetnc origifis in a. sedumentotognc sensé and Jmore generahé.ed term is needed when a’

N L
cific glacoal orlgm can Qor be pasntnvely conﬂrmed ’}he term "debris flow" is used for

~

posmon e.g. subglac:al orice- rbnarglnal) or type (e g subaqué‘tuc) of flow..

/‘\ ) 0 ™ il . T
Lodgement t/// is defined as v -~ ) '
L. . LS e N
P
gh _ tull deposuted‘fnom the base of a dynam»cally actuve giacuer by pressure melting -
Q;E% and or other mechanucaLprocesses _ 3-. s .

5 .
fDrelmams, 198.2a, page 24). Boulton (197 1) also descries material released by melting
of 'debris rich ice stranded beneath a movin'g'glacier as lodgement till but this definition is

. [ R . . ) . ) ) . ?5 - . ‘
considered toc broad for'\u.s\fa,sﬁere as,it overlaps with the definition of meltout till given
below. . L '

Melzou( tills are - “ l S s

PRY

tulls formed by ’he meltmg qf debrls rich ice that,is nelther slndmg nor,
[

o . A -

deformmg mternauy in the zone of for‘l"natnon
" (Shaw: 1982 page 1549) The ad;ectnve basal” when applied to rheftbu{ tills is meant to
imply the souﬁ:e of the t:ll within the ice not the logation of meltung {ie. melting from the
to’) of the glacier as opposed to meltmg from the base) (Haldors%«, 1982). Many of the
properﬂes of the basal zone ice and dehrls are preserved during the fofmation of meitout
> till 'since thé in sity meltin'g occurs gradually and under confining overburden conditions
whnch mh;!frt defomatlon (Lawson, 1979a, 198 1a). Suprag/acial, eng/ac-/a/ subglacial
I or basa/ h:nd ice- marg/na/ are generalized genetlc terms whuch refer to the location of till

3:".‘ - ".

format/on not the depositional process as is the case for the sp Il varieties defmed

Vi

above. In this context it is tmportant to distinguish till "format/on” iirqm till "deposmon"

Shaw (1982)ponnted out that tllls are “formed” when tha individual partncles within the till -

are Iargely in contact even though they may overlle a substantaal thlckness of ice. Till

" depositipn does not occur until all the underlying ice is removed (Shaw, 1982). The
formation of englacial tills is not rastricteé to central oositions within a glacier. They may
- form in basal posmons provided that they are entirely encased in ice at the time of

v
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Il. Methodology -

A. Introduction:

- Detailed observations of the glacial deposits in the Jasper region were made in the
L

summers of 1982 and 1983, particularily in stratigraphically complex areas. Special

attention was paid to vertical and horizontal variations within‘stratigraphic units. In addition.
emphasis was placed on obtaining detailed descriptions of glacial diamictons and their
assc;cia.ted deposits. Other deposits, such as glaciolacustrine and glaciofluvial sediments,
were studied in less detgil. Although these sediments are stratigraphically important, more
information is required fo'r the stratigraphic correlation of diamictons than of these more
lateralily extensive‘l ;nd'uniform deposits. Correlation of the latter can b\e aided by

[

palaeomagnetic analysis, palynology. and (**C) dating, whereas the the correlation of

ancient glacial diamictons themselves is dependent mainly on field observations of

sedimentologic and lithologic characteristics. . .

Due to the regional, field nature of this‘ study, less emphasis was placed on
laboratory analysis of'the sediments than on the sedimentologic characteristics of the
deposits observed in the Eigld. The latter are often more important in genetic
interpretation than are laboratory derived, physical and mineralog::?haractenstics.

Sediment associations provide additional important evidence for Ironmental

4

interpretations (Reading 198 1). Consequently, the emphasis in this study'is placed on

observatnons on the spatial relationships (lateral and vertical facies changes) and internal

characternst:cs (lst%ology and sedimentary structures) of the deposnts rather than
laboratory derived data which are more important for studies of a purely stratigraphic

nature. ’

B. Field Descriptions ‘

' Surface anofsubéurface diamictons were described at about 75 localities in the
Jaéper region (Figure 4). Recent slump and co!lyVial deposits were not described.
Exposures varied frém shallow road cuts to i'i\'/,’er sections up to 100 m high and over 1
km long. Field descriptions included data on:

1. grain size distribution of matrix and clasts,

13



Figure 4: Map of section locations.
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maximum and modal clast size

type of grain support (i.e. matrix or clast supported)

clast shape, roundness, and lithology. ‘

abundince of striations, faceting and fracturing of clasts,

matrix color,

internal characteristics such as banding or shear structures.

sorting /

sedimentary structures of associated sorted materials. such as type and thickness of
stratification, dip and dip direction o¥ beds and pebble imbrication,
10. shépe, size, and abundance of sand and gravel lenses

11. compaction and cementation,

12. organic content, ' ‘ -

13. lateral and vertical changes within units

14. geometry and distinctness of upper and lower contacts, and

15. surface form wherever possible.

Major section descriptions are provided in Appendix 1.

C. identification and classification of glacial diamictons
General discussion. ‘
‘Diamictons of glacial origin were identified in the field by the presence of features

such as glacially abraded (stgiated‘and faceted) clasts. clasts of erratic lithology. and

bimodal or multimodal particle size distributions. These features are indicative of glacial

_ transport and they are the main characteristics generally used to identify tills in the field

(Dreimanis and Schluchte.r, 1985). Alluvial fan deposits and landslide debris de not exhibit
such features. Instead they are derived entireI'y from adjacent mountain ‘siopes and are
comprised of angular clasts of local lithology. Complete descruptlons of dnamnctons of this
nature are included in Appendix 1. The problems of énstnngulshmg some types of glacial
and non-glacial diamictons has recently been dlscussed_by, Dreimanis and Schiuchter
(1985). |

_ Present il classification systems are genetncally based (Boulton, 1976 Dreimanis,

1976 1982a; Haldorsen, 1982 and Shaw, 1982a) and, although they are useful in

v
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identifying the types of tills that may occur in an area, they require detailed field and
laboratory observations. This is mainly because genetically dif ferent tills may have similar
characteristics and are commonly indistinguishable without detailed study. Subtle
differences in till characteristics often result in major reinterpretations of till type and
depositional environment. Thus, the information required to make accurate genetic
interpretations in the field is commonly not available. In addition, génetically based systemé
are continually evolving as new or more detailed information from .modern glacial
environments l;ecbmes available. As a result, deposits ciassified according to genetically
bas:ed systems are continually subject t6 reclassification. For example, using a term like
‘lodgement till’ is not an ob jective approach but an interpretation and is therefore subject
to revision. Even the term 'till’ is now seldom used in the field because of its genetic
implications and it has been replaced with "diamicton’. Rece‘nt studies emphasizing the
descriptive facies approach (Eyles and Eyles. 1983 Kulig. 1985; Proudfoqt, 1985) have
led to major reinterpretations of sediments traditionally thought of as tills aebosited at the
base of actlivé glaciers.
Approach .

From the field descriptions, glacial diamictons were subdivided into 8 major types.
Identification of different types was based on cﬁaracteristics which were:
1. as diagnostic of any one type as pdssfble,
2.  easily recognizable in thé field, and.
3. thought ;'6 be of ultimate importance for genetic interpretations.
Since most glacial diamictons in the Jaspér region are massive and show littie internal
structure, cla-ssificat'ion was p‘.rimar'ily based on thé nature and structure of sorted and
stratified materials which are commonly associated with the diamictons. These sediments
may occur as. lenses, pods, wisps, ‘or thin beds or laminae within the diamictons or they
may be complexly intercalated with them. Most of these forms of sorted material are less
than one meter thick, often ohly centimeters or millimeters thick. Thicker sequences of
stratified materials (in the order of meters) may be interbedded with, or grade laterally
'into,‘diamicton beds. Thds, categories were identified largely on the type, amount and
geometry of these associated sorted and stratifieq sediments. In diamictons where

-

characteristic intarnal structures, such as color or textural banding and high clast contents,

%
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were present, designations were also based on the internal characteristics of the

.diamictons themselves (see Chapter 3).
A

D. Pebble fabric analysis
Three-dimensional analyses of pebble orientations in diamictons were performed
at 21 selected sites by measurieg the trene and plunge of the long axes of blade and®
prolate shaped clasts in the medium to large pebble size classes. The a/b/c axial ratio of
blade shaped clasts is 3/2/ 1. The axial ratios of prolates are a/b>2 and b 1s '
approximately equal to c. A minimum of 25 pebbles were measured at any one sample
site. Fifty pebbles were measured at most localities. Fabric measurements were taken on
individual beds Within an area of one squ‘are meter or lgss wherever possible.
. Fabric data were statistically analyzed by computer using a prograrﬁ developed by
H.A K. Charlesworth (Department of Geology, University of Alberta, Edmonton, Alberta). A
similar program has been described by Mark (1971, 1973). Two types of
three-dimensional orientation diagrams were produced, scatter (dengity) plots and contour
diagi'ams. An equal area projection was used for botﬁ types of diagrams. Density
contours were constructed using a counting circle to locate point copcentrations which
~ depart significantly from a uniform distribution (Kamb, 195é). The size of the counting
circle {H) is determined by the simple formula H=1/N where N is the number of data points
. (Cheeney, 1983). Thus, for N=25, the size of the counting circle is equal to 4% of the area _
- of the projection circle. For N=50, a 2% counting circle is used. In order to represent two
dimensional batterns, the orientation data were also piotted on three types of rose
diagrams~ rose histograms moving average rose diagrams and smoothied rose diagrams.
Eigenvalues (L} were calculated for three mutually orthogonal eigenvectors (V,, V,,
-and V,). V, parallels the axis of maximum clustering of the pebble axes and thus represents
the mean axic or primary mode of the fabric (Mark, 1974). v, parallels the axis of minimum
clustering. The sum of the three elgenvalues L,+L,+ L,) is equal to N. They are a measure
of the degree of clustering around their-resbettive eigenvectors (Woodcock, 1977).In *
‘thibs thesis they are‘ presented in the normalized form (S) where - o>
| J=U/N | ©

and thus,
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$;+S,+85,=1.
For N =50, S, values of 0.484 or greater indicates a non-uniform distribution at the 1%
significance level. For N = 20, S, values greater than 0.575 are significant at the 1% level

(Mark, 1873, 1974).
E. Laboratory Studies

Grain size analysis

Matrix textures of multiple representative samples from each described diamicton
type were ahalyzed by the hydrometer method as described in ASTMJD4'22 (q 964). The
sand, granule and pebble fractions were sieved foIIoWing the procedures given in ASTM
D423 (1964). The data were tabulated and presented graohically using a computer
program developed by D. Wynne {Department of Geology. University of Alberta, '
Edmonton, Alberta). Statistical grain size parameters were determined using the formulas

giveniin Folk (1974). The results of the grain size analyses are given in Appendix 2.

Pebble lithology .

‘ Samples for hthologlcal analyses were taken from selected localities where the
data would potentially be useful for stratigraphic and till provenance studies and for
genstic interpretations. Pebbles in the medium to large size classes (8 - 64mm) were
collected and analyzed in both the field and laboratory. The main lithdlogic groupings were
carbonates '(Iimestone and dolomite), fine clastics (shele siltstone an‘d mudstone) coarse
clastics (quartzmc sandstone, arkosic sandstone pebbly sandstone and conglomerate) and
metamorphlcs (mainly schist). The results of the Ilthologlc analysis are presented in

Appendix 3. . v - _ - , .



lit. Description, Classification and Interpretation of Sediment Types

A. Introduction

The mefhodology used to de\m&; the classification scheme presented here is
similar to the facies approach as i; is bas‘ed on objective criteria readily observabie in the
field (Walker, 1984). In a descriptive sense, the term “facies” is usually restricted to
sediments of uniform lithology. However, many of the categories described below include
diamicton as well as associated deposits and thus they should be termed facies
‘ associations, Coﬁsequ‘ently separate categories are designated "types” rather than "facies”
to account for the more generalized level of classification.required to include these
associated deposits. -

Eight diamicton types are defined on the basis of the nature of sorted and .
strétified materials associated with the diamictons, as well as on characteristic internal
features of the diamictons themselves {mainiy pebble fabric, banding, and grain size
distribution of matrix and clasts). These criteria are similar to those used by other authors.
Lawson {1981a), for example, identified 3 main criteria for distinguishing glacial sediments
. inthe moder‘n environment. These were pebble fabric, sedimentary structure (manly of
sorted and stratified sediments associated with the diémictbns), and clast concentrations.
These criteria have genetic implications and. since the ultimate intent of facies designa‘tionls
is to interpret and thus distinguish depositional environments {(Walker, 1979), they are
used in this study to designate different types. - . '

Lawson (198 1a) did Ho't cdhsiderrangl of his three criteria as mutually exclusive for
distinguishing the origins of glacial diamictons in the Matanuska Glacier area but stated that

"due té thg complex nature of sedimentation in the glacial envirénment these
criteria should be used witﬁ other physical properties of the deposits, including
o%@l texture, geometry, stratigraphic association, bed contacts and surface
forms” _ _ _ | |
_ {Lawson, 1981a, p83). Consequently, compleia descriptions arevgiven. wherever possible.
Diagnostic criteria are li_sted_ first. Ihterpretations ‘on depo‘sitional environment follow each
description. Lateral and vertical \'/a;'iations within diamictons and stratigraphic relationships

with other de'posi‘ts were also of primary imbo’rtance in making genetic interpretations. It

/ .19
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must be emphasized that the interpretations are independent of the descriptions and are
subject to rejjision. A summary of the characteristics and interpretations of each

diamicton type is proQided in Table 1.

B. Type 1: Massive diamicton
General Description

Massive diamicton with no apparent internal structures is by far the most common |
- Ad R

Id

.

type of glacial diamicton in the Jasper area. Sand and silt lenses are rare. :lf.ype 1 diamicton
locally occurs in thicknesses in the order of tens of meters (Plate 1a). Stri”ated clasts are
abundant with at least 35 - 50% of alt shale and limestone clasts being striated. Clasts of
local lithology dominate. The diamicton is generally very dense and compact and relatively . -
fine graineld (Figures 5 and 6). At its base, diamicton of this type rﬁay take on the textural
.characteristics of underlying sediments (f;late 1t;). For exarﬁple, the lower part of a
{ d{amicton overlying a sand and grével unit in the Portal Creek area hds a sandier texture

than the diamicton immediately above (Figure 7).

Fabric diagrams for type 1‘ ex‘hibit‘ the strongest preferred orientations of all the
diamicton types investigated in the Jasper region (Table 2 and Figure 8). Elongated clasts
tend to be aligned parallel to the inferred dir'ection é>f ice flow (Figure 9). The a-axes show
either an upvalley plunge or no preferred plunge at all (Figure 10). Rose diagrar& are
strongly unimodal (Figure 9).I

The lower contacts of di.ami‘cton’s of this type are usually planar (Plate 1c) and vary
from sharp to gradational. Intraclasts sometimes occur at the base and underlying”
sediments are often deformed and-eroded (Plate 1b). Deformation is usuaily of a
'cyompressive nature. ot | .

The occasional presence of sorted materials (constituting less than 5% of the total

deposits) in type 1, allows fex the distinction of two subtypes,
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Plate 1a: Massive diamictons (Dm) of type 1.

Plate 1b: Type 1 diamicton (Dm) overlying sands (S) and gravels (G); note inclusions
of sandy material (Sr) in the diamicton and deformation in the underlying sands and

gravels.

Plate 1c: ~Type 1 diamicton (Oin) overlying horizontally stratified sands, Sth)., and

gravels, G(h); note the sharp, planar, lower contact of the diamicton.

Plate 1d: Massive diamicton of subtype 1b with plano-convex sand., Sth), and gravé}_, .

Gih), lenses. " . T ‘

-
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Table 2: Fabric Data for Till Types 1-8

SAMPLE #

” .
83-5-3 348.4
83-18-13b 220.8
83-29-4| 0.4

83-29-4la 349.1
83-28-4b 5.7

83-27-3 192.8
83-27-3a 10.8
83-27‘3b 195.0

83-13-2v 772
83-11-3p 9.6
83-11-3a 1624
83-29-4a 353.0
83-29-4b  339.0

83-5-3a  153.8
83-29-5 63.0
83-27-1, 181.0

83-18-13  126.3

83-29-1  161.0
83-1-4 | 6.0
83-13-2 | - 282.3°

¢

- 0.6

10.0
11.0
59
14.6
1.1
5.3
7.6
2.7

2.0
5.0
5.5
7.6
7.2
13.4
26
27

1.3 ,
24,5

0.78
0.74
0.67
0.6

0.75

0.68
0.70
0.67
0.67
0.64
0.57
0.55
0.55
0.50
0.56
0.47
0.55

049

0.65
0.49

TREND (') PLUNGE EIGENVALUE/N

0.06.
0.04

0.06
0.08
0.06
0.09
0.08
0.07
0.1

0.14
0.15
0.02
0.10

0.16
0.11
0.12

0.07

0.09

0.13
0.18

N

25
25
50
25
25
50
25
25
25
25

25

25
26
26
50
50
25
50

50
25

29

Up-valley
orlentstion

Y

150

225
150-250
150-250
150-250
190
180,

180

210-300

 120-220

120-220

1560

150

160
250
190

225
250
200
210-300
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1 and

Type 3
Types 4-6

See text



Figure 9: Rose diagrams representing two dimensional pebble orientations in
diamictons of type 1, N=25); Arrows point downvalley. a) Pocahontas area (Section

83-18); b) Rocky River area (Section 83-5).
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SMOOTHED ROSE DIRGRAM. K = 2000 N = 25
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Figure 10: Three dlmenéional representation of pebble orientations in type 1
diamictons; a) Rocky R/ver Valley (Section 83-5); b) Pocahontas area (Sectlon 83 18).
(Equal-area projection: contours represent number of points in 4% area of

o _hemisphere.) T and ¥ give the trend and plunge of the principie sigenvector. V S,

/ l gives the strength of clustering around V,; N is the number of clasts measured

°
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( W/
Subtype 1a: Massive diamicton with rare, steaeply dipping sand and gravel lenses and

layers -

in subtype 1a, sands and gravels occasior)ally occur within otherwise massive
diamicton as thin lenses apd layers which have dips in the order of 10° to 30°. Dip*
directions are invariably downvalley. Three dimensional fabric analyses indicate that the
a-axes of elongated pebbles also dip preferentially in a down valley direction (Figure 1 1a).
The plunge of the principal eigenvector is generally quite high (Table 2). The dip of sand o
and gravel layers and the a-axis plunge of pebbles are gene}ally similar. Both tend to
decrease at higher Ievels‘within contir?uous exposures of this subtype. Other than the
presence of the dipping sand and gravel lenses and the preferred pebble fabric plunge. -
diamictons in this subtype exhibit the same int‘ernal characteristics as those in type 1
described above. Pebble fabrics are strongly‘ unimodal or slightly bimodal (Figure 12).

‘

Subtype 1ais common downvalley of bedrock obstructions.

_Subtype 1b: Massive diamicton with rare, plano-convex, sand and gravel lenses

This subtype is characterized by sand and gravel lenses which occur occasionally at
the base of m;ssive (type 1) diamictons(Plate 1d). The lenses have strongly to slightly
convex upper surfaces and. planar to slightly trough-shaped lower surfaces. Lenses of a
similar s'hape have been termed plano-convex lenses (Shaw, 1982). Undisturbed
stratification is often present in the lenses, usually in the form of horizontal, planar or
tr\ougr‘i cross-bedding. Bedding usually is conformable with the lower boundaries of the
‘Iensies. Contacts ._between sand lenses and diamicton vary from sharp to gradational.
Texturally and structurally this subtype is similar to type l‘-'but tends to be more variab‘le
than type 1. Large clasts with numerous striations are relatively abundant.

Tills of this subtype exhibit well developed pebble fabrics (Figure 13) oriented
paraliel to thé inferred direction of ice movement (Table 2). The long axis of elongated

clasts g‘enéally have a svh‘allo'w, upvaliey plunge (Table 2 and Figure 11b).

o .
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Figure 11: a) Th.ree‘ dimensional representation of pebble orientations in type 1a
diamicton (Section 83-29). {Equal-area projection; contours represent number of
points in 4% area of hemisphere.) b} Three dimsnsional representétion of pebble
orientations in 'tybe 1b diamicton (Section 83-“27). (Equal-area projection; contours
represent number of peints in 2% area of hemisphere.) T and P give the trend and

plunge of the principle eigenvector. V,’ S, gives the strength of clustering around V,;
e

N is the number ¢;
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Figure 12: Rose diagrams representing two dimensional pebble orientations in
diamictons of type 1a (N=25) near the junction of the Portal Creek and Athabasca

River valleys (Section 83-29). Arrows point dow}\ the Athabasca (A) and Portal Creek

{P) valleys. N

\ 5,
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Figure 13: Rose diagrams repreéenﬁng two dimensional pebble orientations in
diamict.ops of type 1b; arrows point downvallgy; (N=25); a) locality near the junction
of the Athabasca and Snake Indian River valleys: A; Athabasca Valley, S - Snake )
indian River Valley (Section 83-13). b} Astoria River va_lley>‘(Sectioﬁ\ 83-27).

/'\
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‘I‘nterpretation
Type 1

The abundance of striated clast¢-and fhe fine matrix textures indicate that
diamictons of this type are basal tills. Transport of debris at the base of a glacier results in
.comminution producing striated clasts and relatively fine textured matrice§ (Haldorsen,
1982). The dominance of local lithologies and the presence of strong unimodal, pebble
fabrics parallel to the valley support this interpretation.

ALthoqgh the above characteristics provide good evidence for basal transport, the
actual mechanism of deposition cannot be determined without further information (see
discussion of types 1a and .1b). However, the strongly developed pebble fabrics parallel to
the valley and the very dense, compact nature of the tills indicate that little or no
movement occurred after till formation. This suggests that the tills are primary or otho-tills
{Dreimanis, 1982a) and that Igdgement‘qnd meltout processes may have been largely

‘ responsible for the deposition of this type (Boulton, 1976 Dreimanis, 1976 Shaw,
1982; Haldorsen and Shaw, 1982). The presence of active ice prior to depbsition is

“indicated by the ero‘sionall nature of the lower contact and by the inc&rporatibn of
sediments from underlyung deposits. The above mterpretatlon is supported by the
compressive deformation in the underlylng sednments and by the presence of intraclasts |
believed to be rip-ups eroded by the wverriding ice. Shaw, (1982) observed similar
characteristics in basal tills in the Edmonton are.a.

"Subtype ta

Diamictons of this subtype are mterpreted as tulls deposited in the subglacial
environment in pre-existing depressuons formed by bedrock topography. The most’

* common type of bedrock depressmns are narrow valleys cut by tributary streams which
flow partaaHy across ma jor valleys. Most tnbutary valleys in the Jasper region today are
presently erodmg bedrock in at least part of their reaches and have cut relatively narrow
channels compared to the maln valleys which they flow into. In previous interglacials a
 similar geomorphic situation probably exi;‘.ted as evidenced by the thick glaciél fillin many <
partially excavated buried valleys. o ‘

During glacial periods the Ié‘kger voiume of ice in the main valleys would eventually

override the valieys cut by tributary streams in the area where the two valleys intersect

\

-



43

{see chapter 4). Assurming that the tributary valley had not been filled by other deposits {eg.
outwash, proglacial debris flows, etc.) prior to the ad(/ance of main valley ice over the
area, then a subglacial bedrock depressren would exist, generaily oriented psrpendicular
to the direetion of ice flow. _

The dip of sand and gravel lenses and Iayers :;nd the preferred plunge shown on
pebble fabric diagrams of this type (Figure 11al may be the result of deposition of material
along the inclined walls of pre-existing bedrock depressions formed by transversely |
oriented tributary Qalleys. The decrease in dip that generally occurs upsection,' supports
this interpretation since the sl.ope of such depressions would decrease as the‘y were
gradually filled {see chapter 3).

The depositional environment within these transverse tributary valleys would be
similar to that in 'lee-side localities’ as described by Haldorsen (1982). Haldorsen found
that tills deposited in lee-side localities had the following characteristice:
1) abundant surface and snbsurface boulders,

2) sandy matrices, .

3) angular clasts,

4) clear evidence of a local source with many clasts traceable to the nearest up-ice
bedrock exposure, and

5) homogeneous textures.

These characteristics were attrnbuted to local erdsion and a short dnstance of transport.

Slmllar characteristics were found in tills of subtype lain the Jasper region except
that matrix textures were finer and clasts less angular than in Haldorsen's study. These
~ differences are attributed to the soft shale bedrock in valley bottoms in the Jasper area
which is easily e'roded.,v shaped. and broken down into finer particles. Till fébrics on the
lee-side tills (Figure 14a) stpdied by Haldorsen (1982) are very similar to those of subtype
1a (Figure 14b). Haldorsen (1982) did not f_ind' lenses of sorted materials in the lee-side tills
at Astadalen (Norway) but their presence in this subtype is not considered to preclude a
" similar origin. . | ' ‘

There are at least three possible mechanisms for the deposition of lee-side tills. -

Boulton (197 1) observed considerable accumulations of till in cavities under Svalbard

glaciers on the down glacier side of bedrock knobs. He noted that “thin till was oozing out .

3
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Figure 14: Comparison of scatter diagrams from lee-side tills a) described by
Haldorsen {1982); and b) from type 1a diamicton in the Portal Creek Valley (Section
83-29). T and P give the trend and plunge of the principle sigenvector, V,: S, gives

the strength of clustering around V,; N is the number of clasts measured.
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like toothpaste from the ice/bedrock contact, to slump and slide down the lee-side of the
knob” resulting in massive deposits with “only a very indistinct bédding" (Boulton. 1871, p.
63'.). Some sorting did occur due to water moving down the slope. Pebbles tended to lie,
with their long axes pérallel to theh slope direction.

If transversely oriented tributary valleys in the Ja‘sper region were narrow enough
to prevent grounding of basal ice then subglacial cavities similar to those described by
Boulton (197 1) may havé_developed. Such cavities would become depositional sites for:

1. streams flowing at the base of the glacier, leaving lenses (channels) of sorted
material, and
2. subglacial debris flows, leaving deposits similar to diamictons of subtype 1a.

The flowiné of debris into an open cavity as an origin for this subtype is supported
by the preferred plunge and relatively low S, values exhibited by pebble fabrics. However,
the ;'arity of lenses of sorted sedimeﬁt indicates that another origin is also likely since it is
highly probabte that meltwaters roWing in subglacial{_ channels and rills woulq héve existed
in the cavities énd deposited significant amounts of sorted maferial. _

Two other possible depositional origins for lée:side tills were discussed by

| Haldorsen (1982) who interpreted the deposits found at lee-side localities as both basal
meltout and lodgement tills with a@radation betWeen the two genetic types. Lodgement

tills were characteristically silty, ¢ mpact tills with abraded boulders and cobbles and a

marked a-axis orientation parallel to the last direction of ice movement. Haldorsen (1982)

_found it very difficult to find the boundéi’y’ between lodgement and meltout tills in lee-side

localities and found that $ome deposité showed _ch'aracterist‘ics of both. ‘

All three of the above meghaﬁisms (flow ina subgiacial cavity, lodgement and
meltout) could result in the fabric pattern characteristic of lee-side tills as they all would
reflect pré-éxis\ting topography. A ma jor factor controliing dep'osit:ional mode would be
the presence or absence of'"é iubglacial cavity. |

There isbevidence_in th_bxla‘spar\regioh thaq‘ all three processes operated in the
déposition of Subtyp’é ta. To i‘l'lustra‘te t{hy d_etaiﬂed discussion of a "leé-side” lbvcality is
‘required. Such a locality Wcﬁek, a tributary stream of the Athabasca
River forming a narrow/v’alley transverse to th:?léabasca- valley. Since bedrock

A Y

‘depreassions of this ty e li.e. those brienfe& trahsversely to the regional ice flow direction)

7
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are very common in the Jasperbarea and form one of the most significant depositional
environments in the region, a detailed discussion of the Portal Creek locality (Section
83-29, Appendix 1) is provided separately in Chapter 3.

Subtype 1b

Diamictons of subtype 1b are interpreted to be hasal meltout tills. Some depositicn
by lodgement processes may also occur but no unequivocal evidence f’or this was found.
The fine textures, abundance of striated clasts and good fabrics indicate deposition at the
base of a glacier (Boylton, 1876; Dreimanis, 1976: Kruger, 1979; Haldorsen, 1982;
Haldorsé‘n and Shaw, 1982). The plano-convex sand and gravel lenses which occur at the
base of this subtype are interpreted es subglacial stream deposits. Sand lenses have been
cgmmonly reported in meltout tiils tHarrisen, 1857, Kruger, 1979, Maldorsen and Shaw,
1982, Haldorsen, 1982, and Shaw, 1982). The geome.try of the leh& is very similar to
subglacial channels fertned in the phreatic_zone of temperate glaciers (Shreve, 1972). The
curvature of the tunnel céilings can be highly variable and increases with the rate of melting
which is induced by advected and frictional heat from.the stream and circulating air in the.
tunnels (Shreve, 1972). . *

Shaw {1982) descntie/d plano-convex lenses of sand and gravel at the base of tills .
in the Edmonton area. He |r‘1terpreted the lenses to be the result of bed Ioa‘d sedimentation
in subglacial tunnels. The tunnels were formed by subglacial meltwaters that eroded
upwards into the ice. The sharp upper contact of the lenses and the draping of.l dtamicton
over them suggested that the till was depesited by melt-out of the debris rich ice into
which the tunnels were cut (Shaw, 1982). Shaw indicated that the tunnets need not have
been choked with sediment for the sharp contact to be pteserved, proviqed that the ice
settled to the sediment surfat:e after abendbnment of the channel {although this would not
explann the strong convex shape of the upper surface of some lenses). |

| The SImnaruty of sand lenses of this type to those dGSCI'led by Shaw (1982)
suggests that their associated diamictons are also basal meltout tulls The dense, compact
nature of the diamicton, abundance of striated clasts and fine textures also suggests this
érigin (Haldorsen, 1982, Haldorsen and Shaw, 1982, and Shaw, 1982) as does the
moderately well developed pebble fabric which shows a shallow, upvalley, ptefecred.

plunge (Lawson) 1979b).

.
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. C. Type 2: Massive diamicton with abundant stria{é{d, faceted and embedded clasts

Description
- L}

Massive diamictons containing abundant , heavily striated. faceted and embedded

clasts occur sporadically in the Jasper region. The main distinguishing characteristic is the

presence of abundant striated clasts. Although other massive diamictons (eg. typqs 1aand

1b) contain nu’me‘rous striated clasts, the percentage of striations on individual clasts and
the total number of striated clasts is noticeably higher in this type. Between 70% and 90%
of all lithologically soft rocks (mainly limeéstone and shale) are heavily striated compared to
approxlmately 20-50% in other massive diamictons. Striations, particularily those on upper
faceted surfaces, are almost always are oriented in the direction of ice movement (Plate
2a) as determined by other evidence (eg. fabric studies, flutings, drumlins and valley '
orientation). Striations’on clasts with b/ a ratios (diameter of intermediate to long axeé) of
about 0.6 or less generally are oriented parallel to the a-axis. Clasts with higher b/ a ratios
may show two sets of stnatlons which generally occur at rnght angles, r0ughly parallel to
the a and b axes. )

Clasts with well developed faceied surfaces are also re(létively abundant (Plate 2a).
Faceting is invariably heaviest on Qpper surfaces, dess prdnanced or absent on lower
surfaces, and rare on the sides of clasts. Many striated clasts are prolates (barrel shaped)
and heavily faceted clasts are bullet shaped (Boulton, 1978; Kruger, 1984). Bullet shaped
clasts commonly point {taper) upvalley. a

Clasts 'embedded’ in u‘nderlying deposits are another frequent characteristic of

| this type. 'Err;bedded’ clasts are those which have the appearance of being partially buried

in underlymg deposnts but their upper surfaces are always in contact with massive

diamicton or exposed at the surface. Where the underlying sedlmeﬁ%re stratified they

~are clearly dlsturbed in the vicinity of the embedded.clast. Deformatuon is of a

compressnve nature (folds and thrust faults) and suggests that the clasts were pressed or
pushed into the underlying deposuts ‘ -

' Dnamlctons of this type are hughly variable in nature. They may be dense and very
comgact with ‘abfine grained (clayey to silty slq_y) ma?rix_(Figure 5). In other localities the

matrix is sandy. In some outcrops the matrix is absent or occurs only in small quantities in

A



Plate 2a: Striations on upper faceted surface of alarge clast in type 2 diamicton;

striations are oriented parallel to the valiey.

2

Plate 2b: Visible fabric (right-left) in diamicton type.2.

Plate 2c: Type 2 diamicton; note concentration of clasts at base of photo (Dc.m) and

small gravel iens (sheared?) in photo center (G).

Plate 2d: Sharp planar contact between massive diamicton (Dm) of types 1 and 2 and

sands (S) and gravels (_G).-

Plate 2e: Erosional contact between massive -diamicton Om) of types 1 and 2 and

horizontally bedded gravels (G).
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voids in a clast-supported diamicton {Plate 2c). Locally this typs is represented only by one
or more striated and embedded clasts or b.y: a thin Iay;er ‘of diamieton at the base of
associated deposits. Clasts are frequently fractured, espsecially where they are in contact
with one another or where clast contents are high.
| Pebble fabrics on diamictons of this type were dif ficult to obtain due to their

general thinness and sporadic occurrence. Elongated clasts generally were found to be
oriented parallef to the valley and exhibit a near horizontal or slight upvalley dip. A strong

parallel fabric was sometimes noticeably apparent in section (Plate 2b). At one locality.

_ Jacques Creek (Section 83-11, Appendix 1), a moderately strong transverse fabric was

obtained (Figure 15a). Many of the clasts were fractured and virtually all were heavily ‘
striated.

This type often overlies alluvial fan, glaciolacustrine, or glaciofluvial deposits.

- Fractured clasts are also common in these deposits, particularily when they are

clast-supported gravels. The contact with these materials is invariably sharp and planar
(Plate 2d). Truncation of bedding in the underlying sediments indicates that the contact is

.

erosional (Plate 2e). This type usually underlies massive diamictons (type 1).

interpretation

This type is interpreted as subglaeial lodgement till. It forms as the result of
pressure melting of debris rich basal ice against bedrock obstructions or increased
frictional drag between partlcles that are in traction in the gIac-er sole and subglacsal
materlals (Boulton 1970, 1975). The presence of abundant striated, taceted and
embedded clasts supports this nnterpretatlon {Kruger, 197 Embeddin'g"‘ of ciasts is
mterpreted asa Iodgement process as indicated by the compressnve deformatuonal
structures- whnch oceur in stratified sediments underneath the clasts: (Boulton 1870,

1975 Kruger 1979). The common builet and barrel shapes of embedded clasts further

supports this interpretation (Boulton 1978; Kruger 1984). Faceting and stnatuons on the

"upper surfaces of Iodged (embedded) clasts are probably the result of continued
movement of debris rich ice over the clasts after mmal deposition. The raruty of struatnons :

on the sides and bases of the clasts further suggests that they were lodged into the

- underlying maternals Ieavmgronly the upper surfaces exposed to further abrasion.



Figure 15: a) Rose diagrams representing two dimensional pebble orientations in
diamictons of; a) type 2, and b) type 3; near the junction of the JacquesuCreek and
Athabasca valleys (Section 83-11); (N=25); Arrows point down the Athabasca (A) and

Jacques (J) valleys.

£
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A SMOOTHED ROSE DIAGRAM. K = 200 - N = 25
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Boulton (19795) showed that clasts in traction at the base of a glacier may becoms
_Iodgéd as aresult of collision with olasts in the underlying sediments. He noted that this
process may produce ‘clusters of clasts and non-homogeneous tills with variations in

" sortnng and fabric strength. Tills of this nature with Iocall} high clast concentrations are
typical of type 2. Fr;acturingkof clasts in contact with each other at the base of this type
and in imm‘ediateiy underlying materials may be the result of compressive forces induced
'duriqg the Iodgement process and by the weight of the overlying ice.

Unimodal fabrics with strong pref'erred orientations parallel to the direction of ice
movement are typical of lodgement tills (Harrison, 1957 Lindsay, 1970: Boulton,
1971,1975, 1976 Dreimanis, 1976 Kruger and Marcussen 1976) Kruger (1979) and
Rees (1983) found that strong peblgle fabrics perpendacular to the ice flow direction may
also develop in fodgement tnlts subjected to shearung forces. Boulton (1970) noted that
stone-orientation fabrics in t;asal debris ba‘eveloped %.transverse peak as a result of

: oompressive flow of the glaoier, over bedro bstacles. The transverse fabrlc shown ip

A Figure 158 may reflect the compressi\'/e flow conditions that likely exrsted as aresult of ’

confinemsnt Af ice in the Jacques Creek (Fi‘gu_reZ)by the Athabasca-glacier down valley

from the sample site. L .

D. Type 3: Barded diamicton

. »

€

nostic characteristic of this type is the presence’ of horizontal

bedding or bands within otherwise massive diamicton (Plates 3a and 3b). The bands are o

commonly 10 to 20 cm thick and are composed of diamicton wnth~a gram size dlstrlbutnon

' elther fmer or coarser than the encasing diamicton. They are not composed of well sorted
materlals and do not exhibit any mternal sednmentary structures such as graded bedding,
cross-beddmg or planar tammatlons They |I8 in a honzontal or slightly undulatory plane.

k Ociasmnally the bands appear to drape over underlymg boulders without showmg any

-

correspondmg de_crease in bgmg v'ckness (Plate 3c). Individual bands are sometimes ~

a laterally traceable fci teiis of meters. Thay generally have dif fuse upper and lower

contacts. T L | :



»
‘Plate 3a: Banded diamicton (tybe 3) in Jacques Creek valley.

Y

Plate 3b: Banded diamicton (type 3) in Portal Creek valley .

Plate 3c: Detail of diamicton band (b) shown in Plate 3b; note draping of band over

»

large clasts; arrow points to hammer for scale.
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Banded dtamictohs are rare in th; Jasper region. being observed only at a few
localities (Jacques Creek, Section 83-11, Appendix 1; Portal Creek, Section 83-29.
Appendix 1, Figure 2). At these localities the bands are generally finer textured than the
surrounding diamictons (Figure 16), but matrix textures within the bands themsslves are
quite variable. Clast content within the bands is also variable, be‘ing up to 60% (average
25%) at Portal Creek but only 5-10% at Jacques Creek. At the latter locality clast contents
in the encasing duamnctons are generally from 30 to 60%. The distinct appearance of the
.bands is also due to dif ferences in color(Plate 3) and possubly also mineralogy.
Other characteristics of this type include relatively fine matrix textures (Figure 5)

and low clast contents (Figure 6). Striated and faceted clasts are abundant and local

lithologies dominate. Pebble fabrics are unimodal, and exhibit moderately strong preferred’

trends that lie parallel to the inferred direction of ice movement and have stight upvalley

plunges (Figure 15b). Three dimensional orientation diagrams from diamictons of type 3
(Figure 17b) are similar to those of type 2 (Figure 17a). Type 3 usually conformably
overlies type 1 or type 2. Lower contacts are usually grsdational.

Banding in the diamictons is commonly obscured by weathering and‘groundwater
staining indicating that diamictons of this type are pr'obably much more codmon than field
data suggests. Apparently massive tills ({type 1) should be examinsd carefully in the field

under both wet and dry conditions, if possible to determine if banding is present.

Interpretation
Banded or stratified tills have been recently discussed by numerous authors

(Boulton, 1976; Dreimanis, 1976, 1982b; Shaw, 1979, 1983:; Lawsoh, 1979a1 1981a;

Gibbard 1980; Haldorsen and Shaw, 1982; Kulig, 1985; and Proudfoot 1985). Striated -

and face\ed clasts are common in these tulls and pebble fabncs often showed a consistent
preferred onentatlon generally parallel, or sometnmes perpendlcmar to the dnrecuon of
former ice flow. Most authors have suggested that one possnble origin for stratlfucatnon in’
the tills was some form of meltout of 4ce layers containing varying concentrat;ons of
,debrus, although other plau5|b|e mechanisms were also postulated. In general, most of the
interpretations made regar—ding a possible meltout origin were_speculative ._andsbmewhat

controversial (Haldorsen and Shaw, 1982).

)

’
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Figure 17: Three dimensional representat'ion of pebble orientations in; a) type.2 ‘
diamictons, and b) type 3 diamictons in the Jacques Creek valley (Sectiorr83-11). T
and P give the trend and plunge of the principle eigenvector V,: S, gives the strength
of clustering around V,: N is the number of clasts mqas‘ured. (Equai-area projection;

conitouFs represent number of points in 4% area of: hemisphere).
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Stratification in many of the tills was due to the presence of |q'yers of sorted
‘material. Diamictons with this type of stratification can be depdsited as true meltout tills
“with sorting resulting from flowing water derived from deb‘ris poor ice layers (Dreimanis,
1976 Shaw, 1977, 1979) or by a variety of other mechanisms including subaerial
sediment flow and overland sheet wash (Lawson, t979a, 1981a), and basal melting and
quiet water sedimentation in water filled cavities beneath floating ice (Gibbard, 1880,
Dreimanis, 1982b). o
In contrast, diamictons with stratificat'ron resulting solely from dehris banding have
mainly been interpreted as basal meltout tills (Lawson, 1979a, 1981a; Haldorsen and
Shaw, 1982). Although debr‘is banding in tills mayAbe produced by mechanisrf\s other‘than
basal melting, the absence of sorted and stratified materials Iargely restricts other
pbssible origins. For examplé, the absence of scrte_d materials between a series of
subaerial debris flows would be possible but highly unlikely, especially in the marginal
zones of a glecier where meltwaters are abundant. Lawson (1979a) found that a layer of
thinly laminated silt and $and commonly separated individual.subaerial flow deposits and, in
. fact, was critical for their recoghition in the sedimentary record. He did not observe
sorted laminae forming as the result of meltin.g' of debris poor Ia'yer.s'of basal ice and
therefcre such laminae should not be.used asa ‘property required‘f,fcr the recog'nition of
rheltout till, Much of the recent controver“sy-regarding the recognition of meltout till
(Lawson, 1981a; Haldorsen and Shaw, 1982; Kulng 1985) would be clarified if a
distinction between sorted and unsorted layers wuthm the stratified dlamnctons was made
For this reason banded diamictons which contamed sorted and stratuf:ed Iayers
: were not mcluded in the defmitnon of type 3. Duamtctons of this nature would have been
" identifigd as type 5.6.7. 0r8 dependmg on the thickness and texture of the sorted
matenals and on the type of stratufncatnon The bands in type 3.are not comprised of well
sorted matenals and do not exhlblt any internal sedlmentary structures (beddmg) as would”
be expected if they were "fluvual" in origin. ‘ ’
Lawson (198 1a) found that the basal zone of the Matanuska Glacnerwas strattfred
due to alternatmg debns rich and debris poor layers of ice. Meltout of these stratified
zones produced three typucal varieties of meltout till:.

1. structureless (massive) diamicton, : P ; A

s

%
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é. diamicton with discontinous laminae and lenses of s‘&ted and stratified sediment, and
3.  diamicton with distinct bands or layers of var}able texture, composition or color
which may appear draped over large claste.
Pebbles were oriented parallel to ice flow direction in all three varieties. Contacts between
debris bands were gradational and usually had a near horizontal origntation. Shaw (1983)
also interpreted the draping of large clasts by diamicton as the product of the meltout of
ice from a debris rich layer at the base of a glacier.
“ The obvious similarities of the banded diamicton in this study with Lawson’s
banded or layered variety of meltout till (number 3 above) sugéests a similar origin for

both. Consequentty diamictons of type‘ 3 are interpreted as basal meitout tills. The

apparent stratification is believed to be the mherlted product of debris banding in the base|

°
of a glacier, preserved during the meltout process as described by Lawson (1979a, R

1981a). The uniform draping of b0ulders by debris bands is attributed to dnfferentlal
subsidence caused by meltout of the ice ad jacent to the boulders as docgmented by Shaw
(1983). A basal origin is indicated by the fine textures, abundance of striated and faceted
Clasts, the dominance of clasts of Iooal lithology. and the common association of this type
with type 1.

‘This mterpretatuon is supported by pebble fabrncs from this type which show
pebble orientations parallel to the direction of ice flow with low dips (Figure 15b). Fabrics
~ of this ndture were described as characteristic of ancient meltout tills by Harrieon (1957),

Elson (1961), Lindsay (1970); Dreimanis (1976), Boulton(1976), Lawson (1979a, 1._98 1a),
Shaw (1‘9.79, ‘1982,‘ 1883), and Haldorsen ano Shaw (1982). The-shaliow upvalley dip of
pebbles and moderate strength of the preferred a-axis orientation were observed in
.meltout tills at pre'sent day glaciers by Boulton (197 1) and Lawson (1979a, ’197_9b and
. 1981a). The ine:eased scatter of pebbles and lower dips in meltout tills compared to
those in basal ice were attributed by thes_e authors to settling and slight lateral shifting
during the meltout- process. The strengths' of preferred pebble ori.entatio'ns‘(sl values) are
clearly lower in culaiamictons of this type ‘t_han in deposits‘interpreted as basal tilis (eé. types
1-and 2), and generally higher than in o.th\er typesncft believed to be basal tills (Figure 8).
| A basal meltout orlgm for this type as further mdncated by its frequent association

wnth type 2 which is mterpreted as the lodgement product of actnvely overndmg debris

A
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laden ice. Once the deposition of till type 2 by lodgement ceased, debris rich ice probably
still occupied the site and subsequent meltout would pr‘oduce the banded diamicton of

~ type 3 which commonly overlies type 2. Elson (196 1) noted that meltout tills were
frequently underlain by striated boulder pavements indicating the presence of active debﬂs
laden ice prior té the deposition of the meltout till.

!

E. Type 4: Massive diamicton containing sand and gravel lenses cifcular in

(&)

cross-section

Descriptidn
Type 4 consists of massive diamictons containing sand and/ or gravel Ienses which
@ usually approximately circular in cross-gection and generally about one to three meters '
in diameter (Plate 4). This type was observed only at five localities and was studied in detail
only at fwo, Jacques Creek (Appéndix 1) and Portal Creek {Appendix 1). At all Iocalities this
type was underlain by a dens_e, massive diamicton contéining abundant striated clasts (type
1) and it usually was vertically gradational with banded diamicton (type 3)."

The sorted materials within the lenses may or may not exhibit primary strat:fncatlon
but in aII cases deformation is apparent Normal faults are common Lenses contammg
ma;nly sands usually show little internal structure and often have an irregular contact with
thq encasing dlamlcton (Plate 4b). Gravel lenses tend to be less deformed. Individual sand
and gravel beds wnthm the lenses are poorly sorted deformed, faulted and often contam
inclusions of diamicton. Large.changes in grain size distribution occur.between adjacent
beds and even within individual beds over short distances. Large pebbles and cobbles
commonly dccuf ‘within finer grained grave! and sahd matrices. Large clasts frequ"ehtly

‘ protrude into ihé sorted materials aldng the upper contacts of the lenses {Plate 4c).

There is a contmuous gradatuon between sand and gravel lenses which have nearly

- perfect circular cross sectlbns and those that are dg urregular in shape Beds w1thm the

Pl

- latter often dip at high angles AH sand and gravel lenses. assocuated with thls type are
entlrely encased within dlamlcton whuch is generally massive @mnlar
adlamlctons of type 1 (F:gures 5 and,?) Striated clasts of Iocal lithology are common.

L



Plate 4a: Circular sand and/ or gravel lens on vertical section (arrow points to lens).
‘Plate 4b: Circular sand lens (S) in diamicton type 4 (Dm).

Plate 4c: Circular gravel lens (G) in diamicton type 4 (Dm).

@
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Pebbie fabric diagrams for type 4 show moderately to poorly developed
preferred orientations of the long axes of elongated clasts (Table 2) which generally lie
paral?el to the direction of ice flow (Figure 18). Although a primary mode is apparent on
fabric diagrams, secondary modes are also present (Figure 18a) and clast orientations are
relatively scattered (Figure 18b) compared to types 1 and 3. This type usually has a

gradational lower tontact and often conformably overlies type 1.

interpretation .

Diamictons of this type are interpreted as tills formed by meltout of basal debris
from positions entirely encased within ice. The circular cross-sections of sand and gravel
lenses associated with this type, in particular the convex upper surfaces, are believed to
‘be a result of their englacial origin. Melt'waters'in englacial stream tunnels near the base of
temperate glaciers flow under hydrostatic pressure forming cylindrical tunnels which are o
circular in cross-section (Nye, 1965). When bedload deposition fills the channels, tube-like
deposits of sand and gravel (circular or nearly circular in cross-section) develop. Such

‘ deposition may octur during waning flows oriorvto the abandonment of the tunnel. Channel
abanhdonment would be common during the Iate stages of deglaeiation, when the chances
for the preservation of the tunnel deposits in the sedimentary record would be high.

Deposmon wuthm the tunnels by flowing water would be accompamed by the
‘addmon of clasts and debris from the eroding i ice surfaces above and adjacent to the
channel. Pueces of debns rich ice may break off the adjacent ice surface and subsequently
be buned by sedlment Thls would explain the presence of large clasts and blocks of

r/ dmmlcton within the sorted matenals Durmg maltout of the underlynng ice settllng would
\

ay resulf ify deformatlon and normal faultmg of the strata Deformed and faulted statlfacatnon -

Jying at hngh a(ngles mducate extensnve post-deposntlonal movement

.» ;eservatlonof the circulag cross-sectlon of the sorted Ienses durmg meltout
reounres debris-rich ice. Debns concentratsons up to 80% by volume have been observed
at the base of some temperate glaciers (Bouiton,: 1968 ‘rS?S) Debrls concentratuons of

| Fthls magmtude would aIIow for the preservatlon of the/cwcular ¢ross-sections of the sand
and gravel Ienses if they orngmally formed q‘ear the. base of the glacuer allowmg for '

‘ mmumal post~deposltnonal d:sturbance Smce persustent englacaa‘l streams are concentrated

R
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Figure 18: a) Rose diagram representing two dlmensmnal pebble orientations in
dlamlcton of type 4 (N=25). b) Three dlmensnor\al represontatlon of W

‘ orientations in type 4 diamictons; Sample Iocahty in the Rocky River Valley (Sectxon
83-5); Arrows point downvalley: T and P give the trend and plunge of the principle
eigenvector, V;; S, gives the strength of clustering around V,: N is the number of A
clasts measured. (Equal-area pro;ectnon contours re&esem number of pognts in 47.

area of hemisphere.)
co ‘ s
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in the basal portions of glacier toes, the possibility for the formation and preservation of
englacial tunnel deposits is greatly increased in that zone. The more irregular and dusrupted
lenses probably were deposited in tunnels which overlay thick, or debris poor, layers of
ice. This 'wou‘nld allow for ‘substantial differential settling and thus account for the irregular
shape and orientation of the lenses.

The protrusion of large clasts into the upper part of the sandy lenses from the
overlying diamictpn, suggests that the sands were deposited englacially. Clasts frozen into
. the glacier would occasionally protrude into englaci‘all cavities and deposition around them
would eventually occur. Once meltout wis complete, these clasts would be partially
encased in both diamieton and sorted materials. .

The fine matrix textures and common presence of striated clasts of local lithology
indicate that this type was basally derived. The preferred orientation of the é-axis of
pebbles paralle! to the valley walls, probably reflects the direction of movmg ice. The high
scatter of pebble orlentatlons compare/d to l;asal\t:lls may be the result of meltout of
greater volumes of xce from the englacual position of formation.

Type 4 is assocrated with banded diamictons (type 3) which are also mterpreted as
. meltout tills. In addutlon this type commonly c0nformably overhes type 1 which is
interpreted as basal till. Since englacial tills would normally be expected to overlie basal
tills, the observed and %-xpectee sequences are the same. : »

< e 4
F. Type 5: Bouldery diiamieton with numerous, highly disturbed, sand'and gravel| )

lenses and layers

Description o » L

Bouldery dlamucton with highly disturbed lenses and beds of sand and gravelis -

" relatvvely common in the Jasper area, partncularly a( ar near the surface. Boulders
. generally const:tute at least 10-20% of the de}{osvts Plate 5). Clasts are domlnantly
subangular and non-local |Ith0|Og|BS are corymon Far travelied erratlcs specifically talcose
and garnetrferous schists of the Athabasc; Valley Erratncs Tram derwad from west of the
oceur in the upper parts f exposures.

: of of this cﬁa?mcton ln addmon hthologccal analyse K(i

Contmental Dwude (Roed et. al., 1967 fr

indicate that many clasts

. a

ere derived ‘

LS
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Plate 5: Type 5 diamicton (Dm,S) gradationally overlying finer textured massive
diamicton of type 1 (Dmj); note the higher boulder content of type 5 diamicton (Plate

5a) and lighter color due to greater sand content (Plate 5b)."



71




72

trom bedrock formations that outcrop maunly at high elevations in upvalley areas. Struated
clasts are ‘uncommon. Dlamnctons of this type are massive to weakly stratified and
gener ally matrix-supported. They range from 2-20 meters in thickness and modally are

about Hm thick. They usually have matrix textures which vary from silty sand to sandy mud

Figure 5).

Diamictons of type 5 may be rnassive and unoriented or weakly stratified. Crude
horizontal layering is often vapparent due largely to variations in clast size, some layers '
being relatively rich in boulders and cobbles. Large clasts are commonly concentrated at
the base of this type {Plate 5bl Sediments are poorly compacted and cemented and
consequently, exposures of thls type are susceptible to slumping (Plate Ba).

Poorly to moderately sorted sands and gravels occur sporadlcally as poorlyl

, defined lenses and layers throughout the diamicton. Contacts between sorted and

N

unsorted materials are often highly irregular and locally appear normally faulted. The lenses

usually have planar upper surfaces-and trough-shaped lower surfaces. Stratjfication is
rarely preserved in the lenses. , m '

Pebble fa.bric diagrams for diamictons of this type are b’lmodal or rhultlmodal )
(Fugure 19). They exhibit a relatively high degree of scatter but stlll have significant -
preferred orlentatlons whlch are usually parallel but may also occur at angle&of up to .
about 20°to the valley orlentatlon (Table 2). A-axis dips are generally high (Figure 20)
T The lower contact of type 5'is usually grada‘tnonal (Plate 5) but locally is well
defined and planar. This type generally overlies thick, mass:ve dlam4ctons of type 1. Type
Sis also‘i;ommonly vertlcally and laterally assoc:ated with better sorted and stratlfled

o ®

- deposvts of dlamrcton type 6 which show llttle or no dlsruptlon

Y

-~y g3 L. . o

lhterpretetlon

S

Dnamlctons of type 5 are mterpreted as supraglacual debrns flow. deposlts Sands

| anq fggavels assoc:ated with the duarmctons are mterpreted as the deposns of supraglacual "
- 'streams A supraglacual origin for the debris compnsmg this type is supported by the
"abunignce of large clasts, rarity of stnated clasts hlgh clast angularity, domlnance of

cles?denved from formatlons outcroppmg only at high elevatlons and the large o

percentages of clasts of non-local Inthology Slmller charactenstncs have been descnbed !

sl o . .
. . - . . Lo >
s - . B B .. * . .
. . . . B R .



Figure 19: Rose diagrams representing two dimensionél pebble orientations in
diamictons of type 5 (N=50). a) Portal Creek valley {Section 83-29); b) Astoria River

Valley (Section 83-27); Ai“'rows point downvaliey. P
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Figure 20: Three dimensional representation of pebble orisntations in type 5
diamictons. a) Portal Creek Valley (Section 83-29); b} Astorla River Valiey" (Sectnon “
- 83-29). T and P glve the trend and plunge of the principle eigenvector, V,: S, gwes
' ?Ihe strangth of clpstermg around V,; : N is the number of clasts measured. (Equal-area

pro ;ectnon, contours represent number of points in 2% area of hemisphere).
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for supraglacial tills by numerous authors (Sharp. 1949: Elson, 1961; Drake. 1971; Flint,
197 1; Goldthwait, 197 1; Stewart and MacClintock, 197 1; Shilts, 1873 and 1976,
Dreimanis, 1976; Boulton and Eyles, 1979; Eyles. 1979:; and Lawson: 1979a, 1981a,
198 1b). Supraglacial debris originates ma"inly as rockfalls, avalanches and _debr,ns'flows_
from nunatuks and valley sides (Boulton and Eyles 1979 and Boulton 1975). v
Horlzontaliy continous units of clast-poor diamicton overlylng relatav%]y clast-rich
Iayers have been ob§erved in modern supraglacial sediment flows (Lawson, 1981a).
Variations in clast size distribution develop from localized liquifaction or other processes
causing clast seftlement durlng flow or deposmon (Lavwwson, 1981a, p 83). Concentratnons
of’clasts in poorly defined horlzontal Ia'yers may also be the rSSuIt of winnowing of fcnes
by meltwaters. Lawson (1979a) found that verticai and hosizontal changes in clast
concentrations were due to periodic and spat'@l variations in meltwater flow. Debris
released from ice by ablation processes on low angle s10pes was rapidly eearsened by

’ S
meltwaters. Gravel Iags wer?e frequently formed and sometlmes covered and preserved

beneath sedlment flow depos:ts . . \/‘ ‘

- Massive diamictons wuthout preserved sand and gravel lenses were commonly
observed on the Matanuska Glacuer by Lawson (1979a, 1981a). These diamictons were
often underlain by Iarge volumes of ice prior to their final deposition.AConsequently they
underwent sngmf::ant!y more resedimentation durlng the final stages of till formation |
resultlng in total reworklng of the source materrals and destructlon of their orngunal
propert:es (Lawson 198 1a) Such reseditentation may be the result’ of enther dynamic

ablatvonal slo.e processes such as spalhng ro!hng and sliding of debris down steep ice

surfaces or n;\ore passive movements such as sedlment flow and sheet flow on gentie.
slopes The resultnng structureiéss deposnts have beentermed ”|ce slope colluvsum by
‘ Lawson ( 1981a) As the texture of ablatlon deposuts coarsens with mcreased "
-resedlmentatnon and fluvual reworkmg and as the amount of reworking would naturally be. -
hnghly varaable, the texture of supraglaclal ablatlon deposnts should also be hughly variable
(Drermams, 1976) ' ' | o ! ; ' : e .
‘ \;’he texturally, heterogeneous poorly sorted deposcts observed by Lawson
(1979a) as the products of/abiatron processes on the Matanuska Glacner are snmnlar in | ,
' several ways to dtamuctons of type B, Lenses of sorted matenals formed by glacval .

NS sy
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meltwaters commonly occurred with the ablation deposits. Diamictons were fr;'equently
structureless with the exception of a weak long axis alugnment of pebbles The preferred
orientation showed no relatlonshup to ice flow direction, being mainly a function of the
trend af ice ridgds on the surface of the ablating glacier. The degree of scatter of
measured axes about the mean in Lawson's study (S,=0.55_0 to 0.638) is comparable to
that obtained on diamictons of type 5 §,=0.472 to 0.6 15)(Table 2). Similarily the variable
and generally high dips of pebbles in this type are comparable to thosé .obtained by
Lawson (1979b, ,l 982) in ablation depositsl Dips in the latter varied from n‘ear vertical to.~
2\ horizontal. ’ '

\ i r !
Y The absence of stratification withinlsorted materials associated with this till type

ot ‘ |

a\nd'apparent normal faulting of Ienses mdudates’ disruption and dlfferentlal settling due to.

. meltmg of the underlying ice. However, smce the sorted matérials have masnta:ned an
overall horazontal oruentatlon and some sand lenses are mtact little ice probably was
unc?erlylng these sediments durhg their Iastlstage of formation. The amount of

: preservatlon of sedimentary :tr'uctures in s:upraglaclal tills is largely determined by the

*

amount and rate of differential melting of the underlying ice that o¢curs subsequent to the
last sedlmentatlon event durnng~tlll formatloh ‘
As a result of ablatlonal slope processes the entire supraglacnal complex may have

been mobilized and redeposited a humiber olf times. Crude horlzontal layering within

diamictons of this type, as aresult of varlations in clast size, may be the result of stacking

of individual debns flows. This is cons:sten wnth the wide range of textures exhibited by
dnamlctons Qf thﬂ;h\d.:rther suggest a supraglaclal orngln for them,.

- The metamorphic erratics of the At abasca Valley Erratlcs Iram commonly found
in diamlctons of type 5. most llkely were c rried.ina supraglacnal posmon (Roed et.al., '
'»196(7) These rocks are soft @nd ®vasily disa gregated due to thenr well developed- '

B schnstosnty and, therefore itis unllkely that they could have survwed basal t{zansport for
any sngnlflcant dlstance, Kruger (1979) noted that the preservatlon of frlable clasts and
'sand Ienses in- tllls precluded an orlgm by lo gement The nearest outcrop to Jasper of . )

: rocks stmllar to those in the Athabasca Valley Erratics Train is mOre than 50 km to the

’ west Clasts of this type could not have maintalned thenr hugh angulanty durmg basal

: transport over such large dlstances The frequent assocnatlon of these erratncs wuth type 5

f
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therefore s@gests that it is supraglacial in origin.

N , ;tThere is evidence. ‘however. that some®f the debris comprising this type may have

been derived subglamally The presence of occasional, albeit rare. striated clasts, relatlvely

fine grained textyres and low clast contents in some diamictons. all suggest a local.

e

subglacial origin. B

a PR ! -«

K Deposxt; of this type are often laterally and vertically gradational with deposrts of

l‘

-—"\

“yp:pv rpretedas proglacual debris flow deposxts This lateral change between

b Z0lE

- TTW L

supraglaqal and proglaClal deposits would be expect%d in iceHarginal areas. A vertical
,. gradatign between these two types is also lukely to occur due to two factors:»

A 1. As 3 glacuer down-wastes in nts ablation zone, progress:vely larger volumes of -
e subglacially denved debris’ would be released on the surface and incorporated into
-the supraglacral deposits thus resultlng in a downward vertlcal gradatlon from
| ,t entirely supraglacually derived debris to dommantly subglaclally derlved debris; and

<:Once funally dep05|ted supraglacual tills may be covered by debris flows from ’

adjacent ice surfaces that are topographically higher.
P | o D |

G Type 6: Masstva to moderately stratlfled diamicton contalnlng abundant,

tro gh-shaped sand and gravel lenses “ , B ' : e

r

.. -~
A . . . . .

. Description . B . , ‘
Deposits of type 6 are common in the Jasper reguon They conert dommantly of :, ‘
' masswe matrlx- to clast—supperted dlamlcton with abundant Ienses and thln beds of
‘%%l sorted maternals (Plate 6a). Sorted sedlments generally compnse 10 to 30% of type 6 , [

: although Iooally they maylconstltute as much as 40- 0% o ; the deposlts The dlam'lcton

' 'usually has a relattvely sandy matrtx generally more than BO%Jsand (Flgure 5), but texture’sJ

- l . L
l\ ) can be hlghly varnable over short dlstances frregularly shaped layers of"pebb#y sand a fewf

centlmeters in ’tlplcl:ness commonly occur \within the dlamlcton (Plate 6 ). Total clast R,
. 'content"yarles?'om 20 to 80% Vertncal vanab:llty in clast size dlstrubutlon is Iocally L
Yo vpresenllgtvmg the dlamlctons a stratlfled appearance Clasts vary in shape from subangular =7
| to well reunded wrth most begg subrounded to rOunded Scattered strlated clasts 4 %
commonly are present Cementatnon and compactlon are hlghly vmable Angular mclusaons S

- R e : v , S e

'I‘ . B . 4 ‘t . A “ » o . P . . L , '; - / - .‘. T.' -
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"% . inthe upper partof a dumucton Om) of subtype 6a.

-

Plste 6a: Type 6 duamucton Dm) with trough shaped sand-lenses (Sy overlymg
’ horlzontally stratnfted 'sands (S) and gravels (G). S e

K4

Plate 8b: Thin layers of gravel and sand (G and S).in cl%t-supported.' {Dc)s,and

r'natrix-sub‘ported, {Dm), diamicton of type 6.
' )

' Pluto 6c¢c: Daformed (d) faultqd (shearod?) (s) and folded ()" sands (S) and gravels G
AN

C et
\
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. of underlying materials are eommen in the lower portions of diamicton beds of type 6.
Stratification within the diamicteﬁs may be poorly to mloderately developed. as a
result of changes in the grain size distribution of the matrix and clasts. this stratification is
accentuated by the ubiguitous presence’ of ‘thin beds and lenses of sand and grave! (Plate
6a). Laminated silts and clays also occur loeally within the diamictons.
Beds of sand and gravel are generally near horizontal, although dowuvalley dips up
to 10° were measured on some strata. Altheugh most beds afe‘very thin (1-5 cm) they are .
usuglly laterally extensive, sometim’es being traceable along outcrops for several meters.
The upper and lower contacts of sorted beds are usually diffuse, especially vuhen the beds
arethtn. , o < e |
Most sand and-gra\'/el lenses are one to five meters wide and 0.5 to one meter
thick. T'hey generally have planar upper surfaces and concave lower surfaces
(plano-concave geometry). Contacts with surrounding eediments vary, from sharp to
‘gradational. Sedimentary structures within the lenses int:lude trough crossbedding and
: smaller scale horizontal laminae and planar cross-beds. Trough cross- beds often are
conformable with the Iower boundanes of the lenses. Most beds are moderate: Y to well
sorted.’ '

’ Pebble fabnc diagrams for type 6 usually are multimodal and exhibit weakly
developed preferred\onentatlons which may be either. parallel or perpendicular to the
former direction of ice flow (Figures 21 and 22) In general, S, values for pebble fabrics
from type 6 are Iower than for any of the other type studied (Figure 8 and Table 2) /ml/—'—

The Iower c0ntact of: ?-us type varies from sharp to gradational ahd frequen\tly

_ appears erosnve At sectIOn 82- 33 (Appendux N’ ‘scour troughs”, one to five meters wide
and one half to one meter deep have truncated bedding in the underlying sands (Plate 6al. .
Thuetype may overlue glacual or non-glacial deposuts It frequently IS Iaterally and/or
‘ vertlcally assocnated W|th type 5 and commonly is overlain by type 1. Sand lenses in the '
" upper part of diamictons of -thls type are commonly deformed whien the overlying

: dep05|ts are dlamlctons of type 1 (Plate 6c¢).. o

. Twor subtypes are defmed based on the relative abundance of dlamncton and on

the amount of, deformatuon of the assoc:ated stratified materials. .,



Subtype 6a ' .

Subtype 6a consists of intercalated diamicton, sands and gravels (Plate 7a).
Diamicton beds dominate this type but they are rarely more than one or two meters in
thickness. Sorted materials generally comprise approximately 10 to 20% of this subtype.
They occur as |rregularly shaped, poorly defined layers. Althbugh these sand and gravel
Iayev:s are iﬁdistinct, they usually show a near horizontal orientation and gel_‘feral lensoid
shape. Prinbary stra;if'rcation is apparent but is often def;med. The amount of
deformation is usually greatest in the upper part of thig subtype. Sand layers near the
upper‘contact may be faulted, folded and/ or sheared (Plate 6c). Deformation is usually
compressive: Load stryctures .and in jections may also Be common on the upper and lower
surfaces of silt and sand beds (Plate 7b). Sorting may be quite poor with lallge pebbles and
cobbles occuring within sand and silt beds. Large clasts at the base of diamicton b.eds

océasionally deform bedding in underlying 5\3 or silts. Folded laninae are locally -

present. This type is commonly overlath by rfassive diamictons of type 1 or 2 (Plate 7c).
Pebhle f'abri'c diagrams for subtype/6a (Figure 2 1) are multimodal and exhibit

. weakly developed préfqrred orientations’(Table 2). Thellatter may be either parallelor .

perpendicular $6” the former direction of ice flow. Rose diagrams for subtype 6a in sofne

cases exhibit 2 or 3 modes of similar orientations (Figure 2 1b} resulting in higher 8'1 values

than typica of type 6 (see Triangle on Figure 8). Relatively low a-axis dips of elongated

pebbles arg charactenstnc of subtype Ba (Figure 22b). ' /,/ {

,’ LT
= (

: AN
Subtype 6b B /

of the deposuts) relatnvely wall defmed and typ|cally plano-concave in cross- sectlon
Subtype 6b is ganerally sandier than subtype 6a.(Figures 5 and 6). ,
Pebble fabric duagrams for subtype 6b (Figures. 2 1c and 22c). usually are
muitiqual and exhlbl‘t weakly developed preferred orientations {Table 2). The latter are
often parallel to the former direction of lic\e flow. Three dimenﬁsional analyses of pebble A

'origntations indicate that the long axes of pebbles in subtype 6b preferentially dip up
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Plate 7a: Inter_calatedidiamicton (Dm) and gravels (G) - subtype 6a.

Plate 7b: Folded (f) and deformed (d) t‘fédding in a sand and silt iens (S} within subtype

Oa diamicto’n; note the in%action structur‘e adjacent to tﬁé knife.

" Plate 7c: Interbedded diamicton (D), sand (S) and gravél (G) (type 6) overlain by
massive diamicton of type 1 (Dm). Ungeformed sands and graveis dominate over
diamicton in the bottom par_-1 of the photo {subtype 6‘b) and grade upward }nto
deformed beds with a progressively greater proportion of diamicton (subtype 6a).



Figure 21: a) Rose diagram representing two d‘imensional pebble orientations in
_ diamicton of type 6 (N=50}in the Portal Creek Valley (Section 83-29). bl Rose
diagram representing two dimensional pebble orientations in diami&ton of type 6a _
N=50) in the Jasper townsite area (Section 83-1). ¢) Rose diagram representing
two dimensional pebble orientations in diamicton of type 6b (N=25) in the Sr\ake

Indian River valley {Section 83- 13). Arrows point downvalley.
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Figure 22: g) Three dnmansnonal rapresenutlon of pebbls orlcntanons in typo 6
- diamicton in the Portal Creek valley (Section 83-29); (Equai-area projoction contours
represent number of points in 2% area of homusphoro 1 b) Three dimensional
representation of pebble omntatuons m typo 6a. dumicton inthe Jupcr townom

‘ area (Sectuon 83-1) (Equal-aroa projectnon contours represent number. of pofnts in
' 2% area of hemisphere.) c) Thru dnmonsnonal representation of pcbblo oriumtoom
in type Bb dismicton in the Snake hdllﬂ River Valloy (Section 83-13); Equd-l’u
projoctuon, contours roprosont mmbor of pointﬁn 4% ares of homiophoro.) TendP -
give the trend and plunge of tho pnnciplo oigonvrctor Vi: § givu the ctnngth af

- ’clustanng around V,. Nis tho numbor of Clasts nhuv.rOd
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valley at relatively high angles (Figure 22c).

Subtype 6b occurs commonly on the surface in. the Jasper region. In the
subsurface this subtype is often conformably overlain by subtype 6a which is in turn
generally overlain by till types 1 or 2.

~

“interpretation

Type 6

Sediments of type 6 are believed to have bee ‘the ,proglacial
ehvironment. Dlamlctons are mterpreted as the depgosits/of mass movements emanating ‘
from the gIaCler tgnminus region. The presence of structures mterpreted as flow folds
abundant load strui&?es locally erosvve lower contacts and clasts whrch deform
underlying beds supports a debris flow origin for the dlamvc.tons. o
Lenses of sorted materials were likely deposited in proglacual Sream channels -
Wthh developed on the 3urface of previously deposited sediments. This lnterpretatlon is
~based on the plano-concave geometry of the lenses, the absence of faultmg and 4
deformatlon (indicating deposmon over ice free sedlments) and the presence of bedding
and lamlnae whlch conform to the trough shaped floor of the lenses. The Iatter are very -
similar to channel fill structires observed in many subaerial streams (Remeck and Slngh ,~f£
1980) As surface stream channels became blocked.or burued by subsequent flows new - '
channels formed elsewhere. This explams the random dlstrlbutlon of sand and gravel
lenses throughout this type. Thln beds of stratified sand and silt were lnkely deposnted by
. glacial meltwater flowing in sheets after deposition of underlying debrls flows (Lawson
1979a) The presence of laminated silts and clays indicate local pondmg also occurred
between flow eventg. . ' e
The presence of béds and 'lenies of sorted materials is critical to the genetic
interpretation of the encasmg dlamlctons Stratigraphic relatlonshlps sometlmes clearly
mducate that dlamlctons overlylng and underlymg sorted matenals were dep05|ted at
:A different times. In adj jacent areas, these dtamlctons are c%?t?n mdlstmgunshable and
contacts between them cannot be recognlzed Thus due to s:mllarltles in composmon a

_ serles‘of overlapplng debns flows may only be recogmzed as dlfferent events by the

'presence of these lntervemng stratlfued matenals Lawson (19813) found that most o
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sediment flows at the margin of the Matanuska GIac:er were accompamed by meltwiter
flowing over their surfaces. He stated that * "
"a top layer of thinly lammated silt and sand is generally critical to udentnfymg
individual flow deposnts in deposmonal sequences . -~
lLawson 798 1a, p8O). ‘ ‘ "

‘ I\Rﬂtlple supenmposed flows. may locally be recogmzed by layermg within the
dlamvctons themselves Changes in total clast content and gram size distribution between
layers could reﬂect dlfrerent sedument sources, modes of transport and variations in the
aﬁtount of. revyorknng of the. deposlts prior to final deposition. The high abundance of
rounded clasts and rarity of striations in some beds suggests a greater degree of
reworknng of the sediments prior to final deposition compared to deposits Wthh
otherwuse, are texturally and compositionally similar.

$|gn|f|cant changes in‘matrix texture over short vertical‘and horizontal drstances (in

the order of centnmeters) within diamicton beds, may be the result of the erosion and

'incorporation of materials in the path of the debris flows. Lawson (1981 alfound that the
> bulk of debrls flows near Matanuska Glacier were ‘composed of massive diamictons which
locally contained inclusions of texturally or structurally distinct sedin‘tent.vAngular
inclusions of underlying-materials within thelower portions of some type 6 diamictons are
mterpreted as rip-up clasts. The presence of these rip-up clasts and the spmetlmes
scoured lower contact of the dlamlcténs indicates that the flows were at least locally
erosive. ' » J
The multlmodal weakly developed pebble fabrics characteristic of type 6 are
typical of debris flow dep0s1ts {Marcussen, 1975, Lawson 1978b, 1982).

Dlarnlctons of type 6 are belaeve,d to have originated _from basally transported B
debris, subsequently eﬁposed-at' the Qlacier margin or surface. The similarity of some
diamictons of this type to the b.asal tills of type 1 (i.'e_: abundance of striated clasts,llow
total clast co!n,tents,v énd clay/ silt-rich matrices) supports this interpratation. The |

;abunda'n'ce of clasts of local lithologies and conspicuous absence of far travelled erratics, ‘
partlcularlly of the Athabasca Vallgy Erratics Traln (Roed et. al., 1967) normally found on ‘

surface tills i ln the area, precludes a purely supraglacial origin. The basal debris ruéh zone is

- the primary source of proglacial sediment in many modern glac:_ars (Bouiton, 1968,
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Lawson, 19789a). Undoubtedly some of the debris comprising this typeswas supraglacially
derived but the abundance of local cla_sts in most deposits suggests that the main source
© was subglacial. -7 , )
Where this type was supraglacially derived it would be indistinguisheble from
deposits of type 5 in the absence of normal faulted sand lenses and high boulder contents
y.vhivch are common in type 5. The deposits formed by mass movements of debris on a »
glacier surface (type 5) could be very similar in nature to ‘supraglaoially derived de_brls -
flows in the proglacial .environment (type 6). In addition, types 5 and 6 are fr_equently
- vertically and ldterally associated, often grading into each other. This would be expected
\ as both types may be deposited in similar environments at or near the ice ’margin. Gravity .« -
\ flows are comrnon in both environments, the only difference being whether the flows are
over glacial ice or previously deposited sediments. If faults and collapse structures are not
- preserved in supraglacial deposits efter the meiting of underlying ice {due either to:
" 1. the absence of structures which would record differentiel settling, such as sand’
| lenses, |
2. slowor spatlally homogeneous melting, or )
'3.  the total dlsaggregatlon of the sediments during deposition),
then ‘the resultant deposits would be indistinguishable from supraglacnally derived debrrls
flows As aresult, it is possible that type 6 locally, also may have bgén deposited
'supraglacially.
Subtype 6a : . : :
The lnternal structures of subtype 6a are believed to be the result ofghe proximity,
and in some cases the overriding, of gIacnal ice. The relatlve abundance’ of dlamlcton poor
~ sorting, and the presence of large clasts within sand and silt beds suggests amore
. proxumalenvuronment than for subtype 6b..The abundance of compressive deformational
features such as feults folds and sheaf structures, indicates possible pushing or
overrldnng by glacial uce In addltlon subtype Ga ls usually overlain by deposnts mterpreted o
.88 basal tills (malnly types 1'or 2) suggestlng the presenoe of an overrldmg glacier.
_ The stronger S, values and Iower a-axis dips of.clasts; exhnblted by subtype 6a
pebble fabncs compared to subtype 6b fabrics. may be the result of the nature of more e

/\ ~ proximal. debrls flows or of compactlon by overndmg ice (Lawson 1979bl The blmodallty

]
1
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of some of these fabrics may be due to multiple flows of different source direction or

!

pebble reorientation by overriding ice (MacClintock and Dreimanis. 1964. Ramsden and

Westgati, 1971)! The latter may also explain the anomalously high S, value of a:pebble

fabric frOm type 6a at section 82-33 (Appendix 1, Triangle invF‘igure 8).

The precise location of the depositional site of subtype 6a relative to glacial ice

-cannot be determined and it is even possib!e that this subtype was locally deposited in

subglacial stream cavities. There is uttle distinction between deposits in large subglacial

stream cavities at the margin of the modern Athabasca Glacier and those immediately iri

front of the ice. Due to the abundance of crevasses drammg,supraglacnal meltwaters, most
streams ermanating from the toe of the Athabasca glacier are subglac1al Thus little.
dnfference in the overall amount of sorted matenal along stream channels would be
expected between the subglacnal region near the ice margin and the immediate proglacial

environment. leferences in factors such as fabrnc strength and abundance of striations

vwould be expected between these two Iocal environments due to the proximity of

grounded ice in the former This would especnally be true.in the case of ice advancing over .

non-glacial mater)als However no such differences were observed in thls study. More

" detailed mvestlgat:ons of thls subtype may detect such dnfferences and provide more

infor atnon on the Iocal depesitional environment.
/m P

e

- ‘Bep{:sns of subtype 6b are. lnterpreted as distal proglacnal sednments th#t have

. been more reworked by fluvual action than the deposits of subtype 6a The coarser -
™~

textures better sortmg reratlve abundance of sand and gravel lenses; and the Iower

proportlon of dlamncton upports this mterpretatnon The high, preferent:al upvalley dnps
of clasts present in subtype 6b may reflect crude vmbncatnon in the deposits. Such

, "ambrlcatnon may be the result of the high number of clasts i in comact wuth each other

Icompared to subtype 6a Irnbrlcatlon of th}a-b ptane has been observed m some debns l

-

. flow deposnts (Flsher 1971 Naylor 1980)

An alternatwe mterpretatnon of subtypes 6a and 6b is, that they were deposnted in ‘
Iaterally equnvalent sites along the i lce margu) Varlatrons in sortlng texture) and relatuve

abundance of sand, gravel and dlamlcton maymerely be due to’ d:fferences in. the amount -

~ of water issuing from dnfferent Jocatnons along the ice front. However the vertlcal
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s‘equence of till types 1 and 2 'over subtype 6a over'subtype 6b is very common. This
sequence is the same as that expected at the base of an advancmg glacier and suggests
that subtypes 6a and 6b, respectuvely represent &r‘oxlmal and distal debris flow deposits.
In addition, subtype 6b occurs frequently as the uppermost unit in many exposures in the
Jasper region and probably was commonly deposited during ice retreat The abundanca of
meltwaters expected during the retreat stage were probably responsrble for the relatlvely

large amount of sorted materials associated with diamictons of subtype 6b.

’ . . . .
H. Type 7:Coprse diamicton interbedded with sands and gravels

. .
i

Dascrlption ) ,

Type 7

Diamicton beds generally in the order of 1 to 5 m thick, interbedded with beds of

sand and gravel (Piate 8) are common in the Jasper region. Type 7 is similar to type 6 and

‘thay are gradatlonal with each other (partlcularly subtypes 6b and 7a) An arbitrary
distinction is that sorted materlals clearly dominate over diamicton in type 7. composmg
more than 50% of the deposuts and the dlamlctons are more coarse-textured The
thsckness of sand and gravel beds assocuated wnth this type usually is in the order of
meters and they are bounded on their upper and lower surfaces by diamicton. The
dlamlctons usually have a very sandy matrix (Flgure 5) and hlgh clast contents (Figure 6).
They/may be matrix or clast-Supported They generally are poorly to ) very poorly sorted
but grade into moderately sorted gravels (Plate 9a). The latter are often clast-supported
lmbrlcated and stratified, The dlamlctons vary from massive to moderately stratlfled most
bemg weakly stratlfned Total clast contehts vary from 10- 80%, most often being over .
50%. Striated clasts arerare but their. abundance lncreases ?3 sortmg decr fases. Most
clasts fall wnthm the pebhle oncobble clast size nanges but boulders als ogc cur. Clasts of
non-local llthology usually dommate and are angular to rounded wuth most bemg
subrounded Clasts of lqcal llthology tend to be more: angular Ina few ‘areas where the :
local bedrock |s mainly. soft, poorly mdurated shales ‘and snltstones (e g. Pocahontas area)
local clasts dommate over those of far travelled Ilth&logy Sortlng, stratlflcatlon clast

roundness and total clast content covary and appear to decrease upvalley Average clast

F

.
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Plate 8a: Horizontally bedded gravels (Gp), trough-cross stratified sands (St) a/hd '
: /

diamicton (DWa (Gb?). .
/// . - e T E - ' / ) ‘
/ Plate 8b: Clast-supported diamicton {Dc) of subtype 7b interbpdded with t/yonzontally
- : /' ‘
i . J .
[ /

/ .
. stratified sands (Sp) and gravels (G).
oo .
\\ s - .;‘ . . : N {
Brate 8c: Matrix supported diamicton of subtype 7a (6b?) interbedded with slightly
deformed sands, $(d). and gravels, Gid). ‘ T , / -
/ R " ‘ ‘
// ’
.
/'/ | ‘
"%':6;:5
’ . . »
L /
Tt > /
/
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Piate Sa: Clast-supported diamicton (D¢} that grades into matrixsupported diamvict'on
(Dm); note the highly irregular contact o the sands (S) with the overlying uiamicton -

typé 7.

~

o

-

Plate 8b: Erosional contact between trough cross-stratified sands (St and graveis

1

{Gt) and an overiying clast-supported diamicton of type 7 (Dc).

( A
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f

size generally increases upVaIIey.’

Contacts between Qiami'cton beds and sands and gravels vary from planar and
conformable (Plate 8b) or erosional (Plate 9b) to highly irregular (Plate 9a). Contacts are
often deformed (Plate 8c). Type 7 yvas observed mainly in the upper portions of terraces
in the Athabasca valley.‘ It commonly g\rades laterally and vertically into types 6 and 1. Thick
sequences of gravel usually underlie or overlie deposits of type 7.

Two subtypes of type 7 can be distinguished. They grade into each other and are

defined below as end members of this gradational suite.

Subtype 7a

Subtype 7ais eharacterized by unsorted to very poorly sorted sarady'diamicton '
interbedded with sands and gravels (Plate 8a). The diamictons are generally
matrix-supported, show little or no stratification and contain some/ striated clasts. Large
and rapid, vertlcal and horizontal, changes in grain size dlstnbutlon sortmg and bed
ornentatnon are common in the sands and gravels (Plate 10a and b). Moderately to poorly
sorted gravel beds with clasts up to bouider size are often interbedded with well sorted
sands and silts (Plate 10c) Strata commonly exhibit dips in the order of 20° to 40° and

they are frequently folded and faulted (Plate 1 1a). Angular inclusions of texturally d:stlnct

_material are often present within the deposuts (Plate 11b). Deformed (Ioaded)@ddmg

planes (Plate 8c) and fluid injection structures (Plate 1 1c) are particularily common.

Diamictons of this subtype may occur as horizontal beds or be conformable with ad jacent

_ mchned strata (Plate 12a). Palasocurrent directions are generally h:ghly variable. Diamictons

of subtype 7a are gradational with subtype 6b (Plate 8a and 8c).

R

~ Subtype 7b . '

In subtype 7b, poorly sorted, gravelly diamictons occur as horizontal beds of
uniform thickness interbedded with horizontally stratified and planar and trough
cross-stratified sands and gravels (Piates 8b and -12b). Ripple beddmg also occurs. In some
areas beddmg dommantly dips toward the valley side (Plate 12¢). The stratnfued materials

are generally waell to very well sorted. Cfasts are sometimes imbricated and mostly

: rounded to well rounded in the gravels. The diamlctons are usually clast-supported They

\



Plate 108: Variable bed orientations in gravels associated with type 7 (pick at center

for scale).

Plate 10b: Lateral variations in grain size distribution and sorting in type 7. note the

large boulder bed at &n base of the exposure.

Plate 10c: Interbedded, ;\goorly sorted gravels and well sorted sands, associated with
diamicton of type 7: note ﬁns;udden vertical changes in grain size and sorting.

~
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\ \
Plate 11a: Siits (Si), sands (S) and gravels (G) associated with type 7 diamictons: note

faults in gravels and high angle of dip of some beds.

Piate 11b: Angular inclusions of gravel (Gi) in deformed sands (Sd) associated with

diamicton of type 7.

4

Piste 11c: Injection of matrix-supported diamicton (Dm) and sand (Sd) into

f‘\Jclast'supponod dismicton (Dc) and gravels (G) - type 7. -
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Plate 12a: Diamicton (Dm) of subtype 7a (6b?) conformably interbedded with

horizontally bedded sands (Sp) and gravels (Gp) in a lens shaped deposit. -

Plate 12b: Gravelly diamicton (Dc) of subtype 7b overlain by trough and planar

coss-stratified gravels (Gt.p).

Plate 12c: Clast-supported diamicton (Dc) of subtype 7b interbedded with planar
bedded gravels (G) and ripple bedded sands (Sr); note the dip of the beds towards

the valley side and weskly developed scour (?) surfaces in the lowest diamicton

exposed.
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have higher total clast contents and coarser matrix textures than diamictons of subtype 7a.

(Figures 5 and 6). They may have about a 20% higher local clast content than the associated

.

gravels and generally have more angular clasts. Palaeocurrent directions are usually similar

* to those in present day streams (i.e. parallel to the valleys) but in some areas sedimentary

structures indicate a component of flow towards the valley sides.
: N

Interpretation -

Type 7

Diamictons of type 7 are interpreted as debris flows deposited:in'ice-marginal
environments. The interbedding of sorted sediments with the diamictons indicates that
individual flow évents were isolated by fluvial activity. The abundance of stratified sands
and gravels relative to dnamncton indicates that ﬂuvual processes dominated the
depositional environment./ Diamictons of this type are gradational with moderately sorted,
stratified, and imbricete'd“gravels interpreted as proximal outwash deposits (Boulton and
Eyles, 1979). The gradational nature of these outwash deposit's with the diamictons
suggests that they originated in the same or adjacent depositional environment. Boulton
and Eyles (1979) and Lawson (1979a, 198 1a) interpret sediments which are similar in
nature to type Y diamictons and which are often associated with proximal meltwater
streams as resedimented tills. . ‘

The v'aria.bility in internal characteristics of diamictons of this type is probably also
due to variations in the amount of resedimentation Prior to depasitton. In most diamicton
beds thead ndy matrix textures (Flgure ), hugh clast content (Fagure 6), general absence of
stnat|ons and relatuvely hlgh degree of sorting and clast roundness all indicate sngmfxcant
reworkmg of the dnamnctons by water and gravity prier to fmal deposmon ‘
.Resedimentation of depos:ts often resultmg in the removal of fines and striations, and the
concentration and rounding of clésts is very common in the margmal reglons of modern
glaciers (Boulton and Eyles, 1379 Lawson 1979a, 1981a). In contrast, some dlamnctons
of this type are unsorted, exhibit stn ted and angular clasts are generally .- ’
matrnx-supported with low total-clast/ contents, .and show llttle or no strattflcatlon Such
duamnctons were Inkely deposned shortly after belné released from their ice source and.

therefore underwent little or no resedimentation.
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Features common to multiple seperimposed flows (see discussion of type 6) are
generally not present within the diamictons, a/lthough local. weakly developed, scour |
surfaces (Plate 12c). and some stratific/at'ro/n/ within the diamictons suggest that multiple or
‘pulsating’ events might have occurred. The infred_uency of debris flow deposit‘s in this
type compared to type 6, is probably due to the relative dominance of. fluvial activity.

\ Deposits of this type are mainly supraglacially derived as indicated’ by the clast
angularity, general lack of striations, enhanced sorting, low densnty and dominance of
non-local, far-travelled, htholog'es‘\character|st|c of supraglacial tills (Sharp, 1949, Drake.
1971; Flint, 197 1; Boulton, 1976~ BOuIton and gyles 1979) Textural analysee of tills of
thns type also indicate that they were supraglacially dercved Boulton and Eyles {1979)
reported that supraglacial tills Fmave silt and clay contents generally below 15% as is the
case for deoosnts of type 7. The'open square on Figure 6 is from Boulton and Eyles
(1979, p.14) and represents the modal bulk texture of 28 samples of supraglacially
derived debris. They used textural dif ferences as tne main distihction Between .
supraglaci'ally derived and subglaciatly eroded debris. Such a distinction could not bé made
solely on the basis of texture in areas where the bedrock is largely dominated by fine
grained rocks. In addition, significant washing of basally derived.debris may produce
deposits with coarse textures. ' '

Diamictons of type 7 which,are dommated by clasts of local hthology oceur in a
few areas where the tedrock is soft, poorly indurated shales and siltstones suggestmg
that this type locally may also be derived from basally transported debris. The basally
denved debris flows probably. originated in push moraines formed in the soft local _

- bedrock. The angutarity of the cIasts and lack of stnatlons suggests that it is u‘nhkely that- ..

the debrus was transported to the ice surface’ along shear zones before flowmg as : ‘

observed by Boulton (1968) on Vestspitsbergen glacners in general, deposlts of this -

~ variety occur at lower posmons in the valley than other deposnts of type 7 whucb have .
been supraglacially derived. R

4 Some of the deposits of type 7 are beheved to have been deposuted in Iateral

. rather than frontal |ce-margmal posntlons This is indicated by the presence of transverse

palasocurrent d:rectlons which suggest palaeo-fiows toward the valley sides frorm the

valley centers as well as by the common occurrence of this till type in lateral terraces .
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along major valley sides. )
Subtype 7a -

Diamictons of subtype 7a are interpreted ia@ debris flows onto proximal proglacial
outyvash deposits. The poor sorting; absence of stratlfication, low total clast content, and
presence of striated and angular clasts in the diamictons suggest that little fluvial
reworking occurred after deposition. Mas,s movemaents of debris from the ice surface
onto ad jacem fluvial sediments would result in varying degress of reworking of the
deposits. The amount of reworking would be dependent on:

1. ‘stream discharge at the site of deposition, and J
2. the rate and volume of sediment input. ‘
Where large guantities of debris are available or discharges are low, streams are often
unable fo transport the available sediment load and the resultant"“ougwash"'vdeposits may'be
" very similar to the parent till. During a high flow all available debris may be transported and
_deposited simultaneously asa planar bed of matrix-supported diamicton (Boulton and
Eyles, 1979). \ o ‘

| The hlgh variability in sorting and grain size of the sands and gravels of subtype 7a‘@f
indicates that they were depos:ted in streams with large fluctuations in‘ sed:ment input and
discharge: Dlscharges in proximal reaches of outwash streams are sub ject to large diurnal
and annual changes and they are much more vanable and flood prone than discharges in
downstream distal locations (BOulton and Eyles, -1979). They noted that the "rapid bunldup
and decay to and from flood dlscharges and the avallablllty of resedumented glacial
deposnts ‘has a strong effect on fluvnal sediment character" (Boulton and &les 1979,
1. L !
} The presence of. deformatlon lead and flwd in jectnon structures suggests that the
' sedlments were saturated as would be expected if deposltlon was assocaated with fluwal
actuv:ty The presence of dlamucton beds that conform to the geometry of ad;acent stream
channel deposnts mdncates that some debns flowed mto actlve meltwater stream channels
temporarlly or permanently lnterruptmg fluwal sedmentatnon at the sute |

The geomorphlc assocnatlon of this type wuth the' upper portuons of terraces
located along valley walls lnducates that they may be. lateral kame terrace deposxts The .

. proxlmsty of glacnal :ce durmg the deposmon of thss subtype is supported by the presence ‘
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of folded, faulted and highly dipplng beds (suggesting collapse caused by melting of
adjacent ice or pushing by active ice) and'drcpstones in silt B’eds.
Subtype 7b | 4

Dlamlctons of subtype 7b are mterpreted as resedimented debris flow depos;ts
The higher clast contents coarser matnx textures and better sorting suggest a greater
degree of reworking than'in subtype 7a. Deposits of this subtype are gradational with. and
may be indalstinguishable from,,lp“roxim‘al .outwash deposits. In are:s where ephemeral
streams of high discharge have;access to readily eroded sediment, deposits of this nature
are an important component of subaerial proximal outwash (Bbulten and Eyles, 1979.
p19). | “ ‘
‘ Subtype 7b may in'some cases represent the ‘deposits of a r? re d:stal ice-mar ginal
environment than subtype 7a, as mdlcated by the higher degree of reworking of the
sediments. The better sorting, more regular stratification, and dominance of rounded and
well rounded d‘asts of non- Iocal llthology in gravels of this subtype all indicate that they
were sub ;ected toa greater degree of fluvial reworking than subtypﬁ?a and possibly
were deposned in more distal environments>~This data in conjunction with the observed
sedimentary structures and palaeecurrent directions in sorne areas indicate that the
depositional environment was likely a braided outwash stream flevving some »distance' frem
-a glacier margin. Comparison of this subtype vvith proglacialdeposits at the mcdern
AthabaSca Glacner suggest that it may occur as much as 0.5 km from the glacler margin.
However, sumllar deposits occur much closer to the |ce margin in areas where fluvsal v
" activity is more domlnant Sediments of subtype 7a comprised of beds with consnstent
: dlps toward the valley center (Plate 12c) may have been dé'Eossted in relatnvely prox:mal
,’posmons along the lateral margins of valley glacners

The sngmflcant amount of washing that may. have occurred in some dnamlctons of

1, ve 7b nndncates that they are not "tn:} tills" as defined i in chapter 1 However they are

lncluded in this study because of thexr gradatloPal nature wuth more typlcal resed|mented ,

diamictons mterpreted asflowtils. — ~ . T
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. Tvpe 8: Massf\r& dlamscton mterbedded w!th herzontally taminated sﬂts and clays
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Type 8 consists of masslve dtarmcton beds mter

Ay

B

L

Redded with horlzon/tally Iamlnated
clays and su}(Plate ‘I 3al. Stlt and clay beds vary in thickness from afew mllhmeters to
tens of centcmeter; Diamicton beds are generally'several centnmeters to several meters -
o rthnck Sand and o

t.,;}hu

gravel lenses gre occasionally assocﬂ;ated with deposuts of type 8 (P}ate
~134). Type 8 is common

~

o\ly in igplated parts of the Snake Indoan and Rocky River valleys
(Figure 2) and is rare elsewherd. Consequently, detailed descrlptlons of this type are
¢ ¢

lacking. —

&

' . i
. o $
<

The duam|ctons are generally clay rlch (Flgures 5 and 6) and matrix- supported with

only 'IO to,;ZO% clasts. Most clasts are subangular td rounded and they frequentiy have.

-
striated surfaces. The dlamlctons exhlb;t no lnternal structures axcept for rare, faint

“ N

Iafmnatlons whnch are useally folded and gonvoluted The lower. contacts of diamicton

E3

yihg sediments and deform beddlng Dtamrcton beds are usually

S ‘H
i

beds ard urregular and may exhibit Iead structures Large clasts wvthln the dnamlctons may !
protrude mto the- underl
less than ohe meter in thlckness They are often lens shaped,

e

~

’
Enchmg,out laterally over
distances of several meters and often complexly inter calated

ith silts and clays.
Horizontal laminations within the silts and, clays are very common but they are often

deformed near the contact with overlying diamicton beds Scattered clasts occur within
the snlts and clays.,

LY
PR
'l

Where this type |s overlain by massive duamvctons {type 1») the abundance and size
of clasts within the snlt and clay beds increases towards the-t

u@t

e deposit as does the
number and thuckness of daamlcton beds and sand and gr‘avel depésns ThlS type is usually
successweTy ur\derlam bya thlck sequence of laCUstnne sedvments and fluvnal gravels (Plate

’ {
N lnterprotatlon
;

Dramlctons of this type are lnterpreted as glaclally derlved debris flows Wthh

iy

moved along the bottoms of 1ce- mar ginal Iakes The associated silts and claysare -
‘ mterpreted as glac:olacustrme sedlments deposlted between flow events. Their horlzontal

e

.



" Piste 13a: Diamicton Dm) interbedded with horizontally laminated clays (C) - type 8:
note the sand lens {S) at the base of the phoio.
Plate 13b° Horizontally stratified silts and clays (Ch) and gravéls (Gh) undertyinf type

8 deposits in the Snake Indian River Valley.
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lamir{ae, fine grain size. and excellent sorting indicate deposition in Equiet water primarily by
settling from suspension. Clasts within the clays are usually striated indicating a glacal
Jorigin. They are too large (up to about five cent{metefs in diameter) in relation to the
' associated silts and clays to have been transported by traction currents. Consequently

4

they are-believed to be dropstones.

l An irregular and loaded contact at the base of diamicton beds and deformed

lbeddmg immediately underlying the contact, suggest rapid c}eposmon of the diamictons

‘ ‘ox;er unconsolidated deposits. Probabie flow structures (contorted and folded laminations)

| within the diamictons support this suggestion. When these characteristics are present in
diamictons of this type. they largely preclude an origin by rainout below floating i1ce as
described by Gibbard (1980). Eyles and Eyles { 1983) and Miall (1983). The thickness, _
extent and geometry of the diamicton beds are also consistent with an ice-marginal,
subaquatic, debris flow interpretétion.

‘The source of material for the debris flows |‘s believed to be glacial debris derived
from the glacier bed as indicated by the finé matrix textures and abundance of striated
clasts. The debris may have accumulated either:

1. subaquatically by undermeiting of the ice margin (McCabe ei. al.. 1'984; Powell,
1983), or |
2. ontheice surface along shear zones where basal debris was exposed. subaerially‘ or
subaquatically, by ablation processes (Evenson et. al., 1977 Boulton, 1968.1971).
Sedimentation in both of these environments would rgsult in a complex of depdsnts similar
to those described above. A recent review of glacial, subaquatic debris flows has been
'provided by Eyles et.al. (1985).

More study on debosits 6f this type r:r‘ay allow for the recognitién of subtypes and

more detailed interpretations on the depositional environments of the deposits. These
. interpretaiions would be aided by information on lake parameters such as.depth and
surface area drawn frbm palaeggeographic récons‘tructions oj the individual lakes

involved.



IV. Glacial deposition in the Portal Creek Area - a case study

A. Introduction
In this chapter the descriptians and interpretations of tills presented in Chapter 3
are used to illustrate the applicat§0n of the till classification system to glacial 'stratigraphy in
the mountain environment. The Partal Creek area was chosen as the site of this case study
for several reasons: | \ 1
1. Several good exposures-of glacial sediments, each containing a number of
stratigraphic units, occur in the area. |
2. Variations in the bedrock geology of surrounding regions makes till provenance, as
determined by pebbile lithology. a useful too! in providing some independent
stratigraphiccontrol.
3. A wide variety of till types are present in the area.
4. The Portal Creek sections are imcortant to determining the glacial history of the
) Jasper region as a whole becadse they occur across the possible terminal region of
a distinct glacial event, as indicated by geomorphic evidence, and they represent one
of the most complex stratigraphic sequences in the study area.
The sequence of deposits in the Portal Creek area are discussed within a
stratigraphic contexlt. beginning with the oldest sediments. Genetic interpretations of the
deposits are also presented within this context. The stratigraphic implications of the

environmental analysis are then duscussed Flnally the glacial history. of the areais

presented.

Regional Setting

The Portal Creek sections are located epproximately 10 km south of Jasj er
townsite {Figure 23). The road to Marmot Basin ski area crosses Portal Creek and provides
access to the sections.

 The exposures occur in the vicinity of the junction of two major valleys,which are
oriented at near right angles. Portal Creek flows from the southwest (about 250°) into the
nozhwest‘- southeast (330° to 150 tren_ding AthacaScaRiver valley.’The deposits ;

exposedalong Portai Creek, therefofe, may have been transported to the area by ice

t
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Figure 23:  Stratigraphic Columns - Portal Creek Area, Alberta.
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moving down the the Athabasca valley and/ or the Portal Creek valley.

Bedrock Geology » ‘

The local bedrock in the Portal Creek area is largely Miette Group shale, sandstone,
and conglemerate with minor siltstpne and dolomite (Mountjoy andv Price. 1984)}. Bedrock
in the Athabasca valley south of the Portal Creek junctien, consists of Miette Group rocks
and Gog Group quartzose sandstones, shales and minor dolomite {Campbell, 197-‘1). Middle
and Upper Cambrian earbonates are also present in the upper Athabasca and Sunwapta
valleys. Quartzase sandstones of the McNaughton Formation {Gog Group) dominate the
higher elevations in the Portal Creek watershed. Middle Miette Group d’ﬁt and.sandstone,
with some shale and siltstone outcrop in the lower PortaI1Creek ‘watershed.

The only'ma jor source of limestone in the region is the éambrian formations in the
upper Athabasca and Sunwapta river valleys (Campbell, 197 1). The liméstoné Mural
Formation of the Gog Group is not known to outcrop in the Portal Creek valley north of
52° 45’ Due to the absence of detailed mapping south of this latitude, it is not known if
limestones are present in the southern part of the Portal Creek watershed. However, the
limited aerial-extent of this possible outcrop area indicates tha’t, if present, limestone
outcrops are not large.

Due‘to these major dnfferences in the bedrock composition between the
Athabasca River and Portal Creek valleys, the provenance of the exposed tills can be

determined. Deposits origihating in the Portal Creek valley should be enriched in coarse

.;clasttcs and depleted ih fine clastlcs compared to deposuts from the Athabasca Valiey.

'Deposlts derived from the Portal Creek watershed should contam little or no !amestone ,

since few or no [nmestone outcrops occur in the PortahCreek watershed
The bedrock variability alsQ aids in some genetlc mterpretatlons of txus in the
region. For example the valley bottoms are dommated by pelitic rocks while hlgher

elevattons are dommated by coarse gramed clastics (Mount)oy and Price, 1984) thus aldmg

" in the dnstmctlon of supraglacnally and subglacially derived sedlments
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B. Stratigraphy
g. .
introduction
Five exposures of Quaternary sediments along Portal Creek were described in
" detail in the field. Stratigraphic columns for each of these sections and a location map are
provided in Figure 33.The stratigraphy of the Portal Creek region is discussed below by
area. The three uppermost (southwestly) sectiphs, which are stratigraphicaﬁy similar, are

-

discussed together. t
Lower Ponel Creek Area

A The lowest exposed sediments in the lower Portal Creek area are clast-supported
diamictons thai grade into poorly stratified, coarse gravels interbedded with sande \

"(Column 5, Figure 23). Clasts in the gravels and associated diamictons are weakly
imbricated and show no striations. They are mainly sandstone and querfzite {60%), 'shale
(20%) and siltstone (20%). Minor quantities of dolomite and no limestone are present, |
- indicating a Portal Creek provenance. Strata dip gently to the northeas{, paraliel to the

present day stream."'rhe Upper po.'tion of these sediments are interbedded with |
matrix-supported diamictons &f type 7. The diamictons occur as beds up(go 0.5 m thick
which are laterally continuous for 20 m o} more and have sharp, planar upper and lower
contacts The latter are sometlmes stongly undulating although still very sharp. The
assocnated gravel beds are generally 1-2 m thick and dominate the unit although the
diamictons become more abqndant towards the'northeast. .

These sediments are unconformably overlain by moderately well sorted and
stratified saynds(whieh are deformed, faulted and truncated by a diamicton of type 1 -
(Column 5, Figure 23). A complex deposit of sand, gravel and dlamlcton of type 7
unconformably overlies the diamicton and extends to the surface. The dlamvctons exposed

- in the'upper part of this section all have relatuvely high Inmestone contents mdlcatmg an

Athabasca Valley provenance. . , ‘ , - , ‘
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Central Portal Creek Area

. The base of the central exposure in'the Portal Creek area is dominated by gravels
(Column 4, Figur.e 23). The relatively high limestone content of the gravels (8%} indicate ét
least some input from the Athabasca valvle‘y drainage system. The middle of this section is
“poorly exposed but gravelé appear tc? be interbeldded with gravelly diamicton (type 7) and
overlain by massive diamictons of type 1. All of the diamictons at this section appeér to be
derived from the Athabasca valley as indicated by limestone contents ranging from 16 -
20%. . . S |
Upper Pq{rtal Creek Area

The lowest exposed sediments in thé upper Portal Creek area are intercalated
sands, gravels and diamictons. (till type 6) overlain by a relatively thic!t, massive, diamicton s
of types 1 and 2 (Columns 1-3, Figure 23). The lithology of pebbles from these sediments‘;'
indicates a Portal Creek provenance (Figures 24 and 25). Clasts are mainly coarse clastics
(60 - 66% sandstone, quértzite, and.pebbly congiomerate) and fine _ciastics (28 -39% shale
and siltstone). Limestone does not occur in the intetbedded sand, gravel and diamicton and
the average limestone content of the overlying massive diamictons is 2% (Appendix 4).

A thick sequence of matrix-supported, silty diamicton {till type 1 and subtypes 1a
and 1b) of Athabasca valley provenance overlie the above sediments (Columns 1-3, Figure
23). The diamictons are character@zed by high total carbonate (18%), limestone (12%) and
fine clastic (32%) contents (Figures 24 and 25). The diamictons contain numerou}s‘sénd
lenses (till type 4) in one focation (Column 2, Figure 23) and they are locally banded (till type l
3) in their upper part (Column 1, Figure 23). ,

The uppermost sediments at Portal Creek (Column 1 énd 2. Figure 23} are
diamictons with a high ;oul'der content (Plate 5). Quartzite boulders with diameters up to 5
meters are common. These sediments are readily distinguished' from the underlying
deposits by differences. in-color (P.Iate 5b), texture, and p‘et'rology (Figures 24 and 25). The
abundant:e of cdarse clastics (70%) artd low percentagé of l'imestone‘(Z'%) indicate a source l

area in the Portal Creek watershed rather than the Athabasca valley. These uppermost

_diamictons thin rapidly and eventually dlsappear to the northeast (Frgure 23).

. 1 . . .
4 . ‘ )
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Summary

lhe lowest exposed sediments in the Portal Creek area.are clasfsupported
dla'mictons and gravels whicl’l extend into the Athabasca vslley. They are derived from the
Portal Creek valley. Higﬁer up the valley, where Portal Craek first emerges into the
Athabasca valley, these sediments have besn eroded or are presently covered by younger
deposits. In the lower Portal Creek area (columns 4 and 5,‘Figul’e 23) these deposits are
overlain b‘;/ sands and gravels derived at least in part from the Athabasca valley. The sands
and gravels are in turn overlain by glacial él;mictons and associated deposits of Atllabasca
valley provenance (Columns 4 and 5, Figure 23). In the northeastern most exposure
(Column 5, Figure 23), a complex of diamictons and sorted materials overlies a Iarg'e
erosional unconformity. " ‘ ¢

The complex sequence of deposits in the upper Portal Creek valley caﬁ
strétigraphically bg aivided into several units based on Iithblpgy, sediment type and
prover:ance. The lowest exposed sediments,in this area are glacial diamictons and
associated sand and gravel deposits of Portal Creek provenance. These are overlain by a
thick sequence of tills derived mainly from the Athabasca valley. The youngest glacial

deposits in the area are tills also of Portal Creek provenance.

€

C. Interpretation of depositional environments

. Lower and Central Portal Creék Area ,

. The vertical facues sequence in the lower Portal Creek valley {column 5, Figure 23)
follows the expected sequence for a smgle glacial eplsode Non- glacnal alluvnal fan
deposnts dominate the lowest part of the sections there. Horizontally stratified,
clast-suppdrted coarse gravels associated with stratified sands and gravelly diamicton
have been commonly observed in alluvial fans (Rust, 1979). The predommance of thase
facies as well as the general dlp of strata parallel to the Portal Creek valley suggest that
they are aIIuvuaI fan deposits. The absence of limestone erratucs and stnated clasts and the
stratigraphic position of the unit support thls interpretation. Lithologic analysis and

‘ paleocurrent data sug'gest a sburce' area to the southwest.in the ubper Portal Creek basin. ,-

In their upper part; tllese alluvial gravels are interbedded with thin diamictons (type 7)

’
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de‘rived from the Athabasca valley. The interbedding of the diamictens .yéith sands and
gravels and their small thickness, restricted lateral extent, and coar"sevtextures indicate that
they were deposited in this area as intermittent proglacial flowsfemanating from Athabasca
ice up the valley (Figure 26a). '

Diamictons of type 1 overlie these deposits (Column 5, Figure 23). The sharp
planar contact at the base of these diamictons and compressive deformation (folding and
shearing} in the Vunderly‘ing sands suggests that ice overrode the area. The massive, ttlpe 1
diamictons in this area are probably basal tills deposited t?y this ice as indicated by the
abundance of striated clasts of local lithology and a strdng uhimodal pebble fabric. These
diamictons are unconfarmably overlain by glaciofluvial sand and gravel deposits. The
unconformity is probably the result of fluvial erosion which occurred in immediate
post-glacial times by-meitwaters channelled to the valley center. The amount of erosion is
not known but ten or more meters of fluvial sediment overiie the till (Column 5, Figure 23).
The outwash deposits overlying the unconformity are interbedded with sandy diamicton of
type 7, interpreted as proglacial flow tills deposited during retreat of Athabasca ice.

 Athabasca valley ice must have initially been restricted to the lower parts of the
valley as the thick basal tills in the lower Portal Creek valtey (Column 5, Figure 23) grade
laterally into outwash sands and gravels in the central Portal Creek valleyﬁ {column 4, Figure
23). The sands and gravels were likely deposited in a Iaterat, ice-marginal position (Figure
- 26b). This interpretation is supported by the presence of diamictons of type 7,
mterpreted as Iateral |ce-margmal debris flow deposits, mterbedded wuth the sands and ,
gravels in their upper- portvons (Column 4, Figure 23). '

All of the glacaal deposits in the lov:/er Portal Creek area are of Athabasca

- prcvenance GIac:al dlamlctons of type 6 of Portal Creek provenance mcrease in -
abundance. upvalley (to the SW) and dominate the lowest exposed sediments in that area.

| (Columns 1-3, Figure 23). Thus, the Iateral facnes change from Portal Creek tall in the SW
nds and gravels and fmally to Athabasca tlll in the NE suggests that the sands and
- grave!s were deposuted inanice free envurOnment between Athabasca and POrtal Creek
ice. The dommance of type 1 duamlcton mterpreted as basal till of Athabasca provenance
in the upper parts of the central and lower Portal Creek sectlons (Colurnns 4'2nd 5, Flgure

- 23), suggests that Athabasca ice eventually overrode the_. entore area (F:gure 26¢);



Figure 26: Schematic diagram representing early glacial deposition in the‘Pofta!
Creek grea: a) deposition-of proglacial flow tills in front of the advméing Portal
Creek and Athabasca valley glaciers: b) deposition of glaciofluvial gravels and lateral

- till flows between the two glaciers; c) deposition of basal tills throughout the area.

oS
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. A
Upper Portal Creek Area

In the northeastern part of the Portdl Creek area diamictons of type 6. interpreted
as the deposits of debris flows from a glacier terminus, dominate tiwe lower part of the
sections (Columns 1 3 Figure 23). Till type 6b grades vertically upwards into type Ga at
several localities. A snmnlar facies change occurs laterally from the northeast to the
southwest at the same stratugraphnc level with type 6b dommatmg in the southwest

—~
(Cotumns 1-3, Figure 23). This vertlcally upwards and laterally southwestwards transition

from till type 6b to type 6a (interpreted, respectnvely as distal and proximal proglacial tn?l
flows) suggests the movement of ice |nto the area from the. southwest (Figure 26a} This
interpretation is supported by the increase in sand and gravel deposits of fluvial origin
towards more dista; locations to the northeast as well as by till provenance studies. in
addition, the proximal deposits of till type éa are everywhere overlain by massive
diamictons of types 1 and‘2, interpreted as basal tills deposited by the advancing Portal
Creek glacier . | 4
The diamictons of type 2, interpreted a§ lodgement til'ls, grade vertically upwafds
and Iateraily into those of type 1 which dominates most of the upper Portal Creek sections
\k,.-{@lumns' 1-3. Figure 23). The intimate association of these different till types is believed
‘ to be thé )cesult of similarities in genetic origin. Type 1 is Vbroadly interpreted as a basal till
and thus may be genetically related to any of the other more narrowly interpreted till types
o*basal origin. thre amassive till of type 1 is intimately associated with some other -
basally derived till, for example type 2, itis lii(ely that both originated in the same way (i.e. .
by lédgement in this example). Thus, the association of types 1 and 2 in the lower part of
“the Portal Creek sections (Columns 1-3, Figure 23) suggests that the sediments there were
Iargély deposited by Ic;dgement at the base of Portal Cree.k'ice {Figure-26).
o Lithologicﬁal and pebble fabric‘ analysis indicate that most of the diamicton in the
central part of the upper Portal Creek sections.is largely of Athabasca valley provenance
and was probab“ly; depo§ited by ice that flowed transversely across the Portavareek valley ' ¢
{Figure 26;:). The movement of Athabascaice, transveés'e to the valley created by Portal
Creek would 'héve resulted in eventual infilling of the latter by glacial debris (Figbre 27). Tl

-

deposited in analogous environments has been termed ‘lee-side till' by Haldorsen (1982).

'
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Figure 27: Schematic diagram representing the dep‘osition of lee-side till during full
glacial times: a) deposition of flow tills and small sand and gravel deposits in
subglacial cavities; b) complete infilling of subglacial cavities and deposition of
lodgement till; incipient devélopmen’t of a shear zone within the glacier; c) formation
of meltout till from layers of debris-rich ice stranded beneath active ice; deposition
of lodgement till at the base of active ice: development of new shear zones at

progressively higher positions within the glacier.
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An anz;lygis {)f the vertical facies sequence within the central portions of the
sections shows that type 1 is complexly éssociated with subtype 1a. Sand lenses and
elongated pebbles witr:uin s’ubtybe 1a show a preferred downval/lell plunge parallel to the
Athabasca valley. Till type 1ais interpreted as a Iee‘-side‘tﬁﬁt/s/c‘:bmmon occurrence and
association with till type 1 suggests that most of the diamicton in the central part of the
upper Portal Creek sections accumulated at the base of the Athabasca valley glacie( in a
lee-side locality (i.e. in the bedrock depression created by Portal Cr\eekf {Figure 27). The
preferred plunge is a result of the deposition of material along the slgpes of the
preexisting Portal Creek valley by overriding Athabasca ice. A decrease in the magnitude
of the preferréd plun‘@'é upsection, supports this interpretation since the slope of the
valley Walls would decrease as the valley was infilled (Figure 27).

The actual mechanism of deposition of subtype 1a and the associated diami.ctons in
this area may have been by lodgement, meltoljt, or flow into ba;al cavities. If a subgllaci_al
cavit\y formed‘_uhder this glacier in the bedrock depression created by the Portal Creek
- valley, it probably developea atan early stage when infilling of the latter was at a minimum
" and the valley élope was relatively steep (Figure 27a)l. Thus. the depositional mechanism
may initially have been the flowage of debris into subglacial cavities in a manner similar to
that observed by Boulton {1870, 19.7 1) at the base of modern Spitsbergen glaciers. The
abundaﬁde _of sand lenses in the lower part of these diamictons (central part of columin 2,
Figure 23) and their absence in stratigraphically higher deposits (Columns 1.and 2, Figure
23) supports this interpretation, as subglacial stream channels would be expected in an
open cavity system. Continued infilling of the cavity wnth subglacial debris would eventualiy
have allowed for the overriding glacier to come into contact with, and conform to, the
'subglacial topography (Figure 27b.

2A meitod‘t origin for much of the diamicton in the upper Portal Creek, sections is
suggested by the presence of till types 1b and 3, iﬁterpreted as basal meltout tills, and
. type 4, mterpreted as englacial meltout till (Columns 1and 2, anure 23). In addition,
massive tnll of type 1is complexly associated with types 1b, 3 and ‘4 (Columns 1and 2,
Figure 23) and may also have been deposited by meltout. ThIS would require that a
sufficient thickness or concentration of{debns-nch ice waspr_esent to aqcount for the

, large cumulative thickness of these diamictons. Debris concentrations up to 80% have
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been reported for some modern temperate glaciers (Boulton, 1968, 1975"; Lawson,
1979a) but generally such debris rich.bands are’ih the order. of centimeters or meters in
thickness and not tens of meters. However, accurnulations of meltout till of greater
thicknesses would be possible if the basal shear zone in a glacier overriding an area of |
relatively depressed topography, gradually moved up into the ice thereby stranding a
succesive series of debris rich biocks in the subglacial depression {Figure 27). Thus. the
thickness of the accumulating meltout till would be limited ‘only by the depth of. the
depression.

In this model, debris deposited along the active shear zone (lo'ogement till) would
be intimately gssociated with till melting out from uhderlying debris rich layers. In addition.
shear zones may have become reactivated after some meitout had alreaoy occurred, or
new shear zones may have developed in subglacial debris previously deposited by meltout
mechanisms. Consequently, a Qradation between lodgement and meltout till would be’
expected. The diamictons in the central part of the upoer Portal Creek sections exhibit
characteristics that, depending on the area, are typical of either lodgement till, meitout till
{either basal or englecial), or some intermediate variety of the two tyoes. A similar
gradation between genetlc varieties of till was observed in lee-side localities by Haldorsen
(1982) - |

Thus, (szi)nce e";s:ibglacial cavity probably existed, at least initially, in the area, thereby
allowing for subglacial flows, and since the above interpretaton,of depositional
environment end observed properties of the deposits indicate that both meitout and , ..
lodgement tills are present it seems Itkely that all these processes played a role in the
- deposition of the lee-side tills. ln the absence of sedlmentary structures {ie. where only
facies 1 can be recogmzed) a detailed comparison of such factors as number of
__striations, clast shape, compactuon and texture may |dentofy one'of the above three
processes as a more likely depositional mechanism than the others for any one locality.

However, since the till in all three cases would have been eroded from upvalley, carried
for a short distance in the basal zone artd deoosited in a restricted area, it is unlikely that
any of these characterijsti¢s wnII be diagnostic. More detailed sedimentologic stud:es will
be requured to determine the exact process responsible for the deposmon of lee-side tnlls

at specific localities. ‘ - .
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. The lower contact of the surface unit in the upper Portal Créek area varies from

gradational to clear and wavy (Columns: 1 and 2, FigL;re 23). The nature of this contact,
' together with the increase in fine clastic content and the presence of rip-up clasts in the
lower portion of the surface unit, indicates that the contact is an efosional unconformity.
The upper part of the seq&ence of deposits formed by Athabasca valley ice thus appears
to have been partially eroded and the stratigraphic sequence is therefdre not complete.

Three diamicton types can be recognized in the surface unit in the upper Portal
Creek area {Columns 1 and 2, Figure 23). A massive diamicton (type 1) occurs locally in the
lower part of the unit. The abundance of striated clasts indicates a baéal origin but the
dominance of shale may in part be the résult of incorporation of sediment from the
underlying shale-rich unit deposits. The low limestone content at the base of the surface
unit, however, indjcate's that these basally derived sediments o.riginatéd in the Portat Creek
valley and not in the Athabasca valley as is the case for most of the undérlying sedimenfs.

The upper portion of the surface unit is largely compdsed of diamictons of type 5,
interpreted as supraglacial flow tills, which grade laterally‘an'd vertically into type 6,
interpreted as proglf-lcial till flows. In this area the proglacial flows aré supraglacially
derived and, therefore, d-if,ficult to distinguish from till type 5. The scarcity of sand lenses
in this area makes the distinction between deposits of 'supragl.acial and proglacial origins

difficult.

D. Stratigraphic Implicétions

The environmental analysns of the facies present in the Portal Creek area has
several stratigraphic impllcatlons L:thologuc studies of clasts in tills suggest that the area .
was influenced at different tlmes by ice originating in separate valleys. The lithologic
variations are most complex in, the upper Portal Creek area. A composnte stratugraphlc
column of the upper Portal Creek areais provuded |n Figure 28. A traditional stratngraphlc
grouping of the deposits, based on textural and I|tholog|c analysns of the tllls is provnded
on the left-hand side of anure 28 Five stratngraphlc units can be recognlzed These in turn
can be grouped into three sednmentary pagkages of distinct provenance (Figure 28,
center). The lowest exposed sediments in this area (Units 1 and ~2,‘ Figure 28) are glacial

diamictons and associated sand and grave! deposits of Portal Creek provenance. These are

¢



Figure 28: Composite stratigraphic column of the upper Portal Creek area; A
lithostratigraphic uhit; are shown on the left; textural and lithologic data are given in
the center columns; the facies sequence present and environmental interpretations

are shown on the right side.
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overlain by a thick sequence of tills derived mainly from the Athabasca valley (Units 3 and
4, Figure 28). The youngest glacial deposits in the area are tills also of Portal Creek
provemance (Unit 5, Figure 28). A more detailed breakdown of the deposits, according to
diamuicton types as defined in chapter 3 of this thesis, is given on the right- hand snde of
Figure 28. Envnronmental interpretations of the till types are given in the last column of

’

Figure 28. :

The following discussion evaluates the time- strat'gréqphcc significance of the three

/nam sedimentary packages in the Portal Creek area, by app’iymg the mformatnon presented
in the above environmentat analysis of till types. Specifically, the change _from deposits of )
Portal Creek provenance to those of Athabasca valley provenance at the unit 2 £3 contact
and the reverse transition at the unit 4/5 contact (Figure 28), are evaluated in the light of

“genetic mterpretatlons placed on the associated tills to determlr\e whether or not they
represem significant time- hcatuses between separate glacial events.

An overall analysa%rthé interpretation of the verticat dtstrlbutlon of till types
shown in Figure 28 reveals that proglacial deposits are overlain by a thick basal till
sequence which is in turn overlain by a relatively thin supraglacial till. The natural
progression from proglacial to basal to supraglacial deposits at first suggests that the .
entire sequence was deposited during one glacial event. However, a more detailed analysis
indicates that this is probably not the case. - | ”

The lowest expoéed set of glacial deposits (units 1 and 2, Figure 28) are of Portal
€reek provenance and tﬁeir presence indicates the movement of Portal Creék'}ce into the

- area. They are overlain by till (unit 3, Figure 28), largely of Athabasca valley provenance
mdlcatmg the subsequent movement of Athabasca ice into the area. A transition zone
between units’ 2 and 3 is shown by a gradual upward mcrease in the limestone and total
carbonate contént and by a decreaseﬂ]e coarse to fine clastic ratio. From stratigraphic
evidence alone it cannot be determined if this transition from till of Porta! Creek
pr_ovenahce to till 6f Athabasca Yalley"prévenance is @ result of two separate glaciat
episodes or mefely a result’ of the expansion of advancing Athabasca ice up the valley |
sides resdting ina latéral cdnfinement of Portal‘ Creek ice to the southwestern side of the
valley Tills in the transmon zone are prumanly znterpretT\as basal tills (types 1 and 2). The

absence of any facaes contalnmg sorted materials indicative of ice- margmal deposits

- °
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suggests that ice did not retreat from the area during the period of deposition of units 2
and 3. Consequently. the gradual increase in the limestone eontent of tills in units 2 and 3
is probably the result of the gradual lateral expansion of the Athabasca valley glacier. This
is supported by the presence of type 1 diamictons, interpreted as basal Athabasca valley
tills. at much lower stratigraphic levels in the valley center than farther to the southwest
{Columns 4 and 5, Figure 23). . /

In addition, diamictons of type 7. interpreted as lateral ice-marginal debris fiows,
grade vertically upwards and laterally northeastwards into basal tills (type 1) of Athabasca
valley origin {Columns 4 and 5, Figure 28). This suggests that there was active ice
depositing basal tills in the valley center while debris was flowirig off the SW margin of
the ice. Later expansion of the active ice resulted in the deposition of basal tills throughout
the area. The vertical sequence from fluvial gra\rels to gravels interbedded with diamicton
of type 7 to glacial diamicton of type 1is also consistent with the above interpretation.

Fluctuations in the carbonate content of tills in the upper Portal Creek area {units 3
and 4, Figure 28) suggest a mixed Portal Creek and Athabasca provenanee This. ‘'mixing’
may have been the result of changes in the relative Iateral confinement and expansion of
the two glacuers This mterpreta:lon is supported by pebble fabric dlagrams for units 3 and

4 (Figure 28) which exhibit principal orientations intermediate between the orientations of

* the Athabasca and Portal Creek valleys. This suggests the influence of ice from both

© sources. A sumllar situation involving two confluent glaciers in the Rocky Mountam Trench

has been descrlbed by Broster and Drelmams (198 1.

The uppermost unit at Portal Creek {unit 5, Figure 28)is of Partal Creek

‘provenance as indicated by the low limestone content and relatively high proportion of

coarse clastics, particularily quartzose sandstones The difference in provenance between

unit 5 -and underlymg units again suggests that a separate glac;al avent (a readvance or

<@

significant stillstand) may be represented The follownng lines of evidence all suggest that’

this was the case, although none of the arguments presented are conclusnve in themselves

1. The presence of deposuts unterpreted as both.basal and supraglacial tnlls in unut 5
provides some of the strongest evldence that it was deposuted during a dnfferent
event than the underlying units. However, supraglacial tills are-dominant and basal tills

are only locally present and difficult to observe in section. The abundance of

~
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fabrlc diagrams f%’ the tvvo\umts suggest different ice sources.

Lo

r-'

5  In the Astoria River valley just south of the Portal Creek valley, the presence of
stratified materials between two major tills srmllar in nature, and stratigraphic position
to the upper two till units at-Port'al Creek also indicates that a separate glacial event
did occur in the area.

6. The presence of relatively well developed lateral moraines in the Portal and Astoria
river valleys suggests that a glacial advance of sogmflcantly younger age than that
represented by most of the deposuts at Portal Creek may have occurred.
Extrapolatlon of these moraines andacates that the southwestern most Portal Creek
sections (Columns 1 and 2, Fugure 23 lie Qear the termlnatnon of this event. Unlt 5

. {Figure 28) may therefore represent the debosrts ofa termmal moraine. Such
moraines, fom;ed by valley glaciers and derrv&d largel Mrom supraglacial debris,
have been termed ‘lateral-frontal dump morames (Boulton and Eyles, 1979). In such
a morainal environment, proglacial till flows on ano\near the snout of the glacrer,
would be expected and deposits sum:lar to till types é and & would be common.

@ - Theregional surface morphology in the Portal Cr\eek area |s\dom|nated by

-gentle flutxngs which enhance the linear topography prodoeed by the'strike of
bedrock rldges The thin supraglacnal tlll cover has little or nd %:rface expressnon No
well developed terminal morame is apparent although alow, brcled rldge lies across
the mouth of the Portal Creek. valley. The ridge may represent the termlnu:\ of the ©
advance discussed above or it may have formed by colluvual processes whlch\ tend to
obscure most glacsal features in the region. The upper few meters of the Portel
‘Creek sections have experienced some gravity movements but the amount of

disruption must have been minor ﬂ ndicated by the presence of undisturbed sand

lenses.. ) L B

E. Glaclal Hlstory of Portal Creek Area ]

‘From the stratigraphic and geomorphlc evidence given in this chapter and from the

above facues analysus the glacial history of the Portal Creek area can be summarlzed as

follows.

-
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~ supraglacial till compared to deposits in the Athabasca \/HlfGy can be explamned by

differences in source valley geometry.‘The narrow stesep walls of thig Portal Creek

valley are much more conducive to rock falls and slides than the broad, 'gentle sided,

* Athabasca valley. The local occurrence of the basal deposits can be accounted for

. ¢ .
by a variety of mechanisms. For example, advancing glaciers do not always deposit a

continuous sheet of till at their bases, or, if they do, erosion by subglacial streams ’

" may result in local removal of basal sediment.

The lithologic change between units 4 and 5 indicates a different provenance for the '

two units. Lithologic dif ferences, however, may be explained by differences in the

genesis of the deposits dominating each of the two units. During the formation of

s&upra'glacial deposits, for example. extensive reworking of the sediment during

transport and deposition’ may result in the breakdown of clasts of soft Ilthology and

thus create lithologic dlfferences from other types of till (such as basal trlls) with

. different genetic history but_similar parent rgaterials. Still, hthologles are generally

consistent even across facies boundaries within units 4 and 5 (Figure'28) suggesting
that the lithologic differences between the units are the result of different
provenances and not facies changes. Unfortunately unit 5 is dominated by one mam

¢
sediment assocnatuon {till types 5 and 6), and the restrlcted occurrence of type 1

prohlblted detailed lithologic cor‘wpansons wnth types 5 and 6. When tl" type 1 was

observed in contact with typés 5 and 6. |IthO|Og|C analysns mducated a dlfferent

provenance than the underlying depos:ts

The erosional unconformity and the presence of a basal tlll at the base of unit, 5

albeit poorly represented Suggests that erosuon along the contact was carried out

by active ice. The absence of a gravel Iag overlymg the contact mdlcétes that erosron

by meltwater-from the potentiaily large volume of |ce between supraglacual

)

' sedlments and subglaclal or basal sedlments did not create the. unconformnty

An analySls of pebble fabric d:agrams for umts 4 and 4] lends support to. the two

.,: event' theory ‘The preferred orientation of pebbles in umt Sis clearly parallel to the

' ornentatlon of the Portal Lreek vailay lFugure 28) Unlt 4 pebble fabncs more nearly

approxlmate the orlentatlon of the Athat.asca Ruver valley (Fugure 28) Although the

.

strength of the preferrad orientations are not iigh, the dlfferenceSjbetwe_en the. _' T
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Giacial ice moving down the Athabasca valley was initially confined to the valley '
center lFugur‘e 26) Proglacial flow tills were depasited over pre-gxisting alluvial sediments
originating from the tributary Portat Creek valiey. Port"al Creek ice spilled out into the
Athabasca valiey before the lattér was fully occupied by Athabasca ice (Figure 26a).
Outwa‘sh gravels were deposited in a kame-like feature in the intervening area between the
two glaciers by meltwater etreams emanating from both ice sheets (Figure 26b}. Distal |
debris flows were deposited with the outwash sediments in front.of the advancing Portal
_ Creek glacier. These were successlvely overlain by more proximal proglacial deposits and
cventually by lodgement tills deposited by overriding Portal Creek ice. Farther to the
northeast. the glaclofluvial sands and gravels deposited a‘long the margins of the Athabasca
lce were gradually succeeded by lateral ice-marginal flow tills. Further expansion of .
‘ Athabasca ice resulted in coalescence with Portal Creek ice and the deposition of basal
tills throughout the region (Figure 26c¢). The overriding ice deformed and sheared the
underlying deposits and created a sharp,-erosional unconformity in most areas. ‘ .
Eventually the much larger accumulation area of the Athabasca valley i ice resulted
in conflnement of Portal Creek icé to the southwestern side of the vaIIey The
northwest- southeast trending margin between these two glaciers appears to have
fluctuated probably as aresult of vanatlons in the rate and volume of ice flow down each
| valley. A thuck _sequence of lee-side till accumulated in the hedrock depression created by
the Portal‘Creek valley as a. result of deposmon at the base of these confluent glaciers as
they moved transyersely across the depressnon (Figure 27). Subglacial flow; lodgement,
and meltout tdls were the main types of till deposuted The Athabasca valley glacier
dommated*for most.of the deposmonal period but till of mlxed Rertal Creek and Athabasca
valley provenance also was deposnted especially in the Iater stages of gIacsatuon
’ . The thlck sequence of tills deposuted in the lower Portal Creek valley were partlally
eroo‘ed following deglaciation. Erosion was concentrated in the valley center where o
meltwaters were channelled Proglacnal debns\flows ‘waere locally deposnted with outwash
deposits dufing ice retreat. ' '
In the upper Portal Creek valley erosion of thee:mderlying tilla poears to have
*

' .. taken. place by ice movmg out of Portal Creek. It is not known if Portal Creek ice merely

contirnfed to flow after the Athabasca valley glacner had retreated from the area, or if the
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Portal Creek glacier readvanced at some later time. Based on sedimentologic data. facies
assoc1at|ons geomorphuc evudence from lateral moraines in the region and on prehmmary
stratugraphlc information from the Astoria River valley. it appears that a readvance or
major late-glacial stillstand occurred. Glacial ice during this event appears to have flowed
down the Portal Creek valley and terminated near itsL junction with the Athabasca valiey .

The uppermost unit exposed in the /Ezf"t’al Creek area may représent a thin basal till and a. -
relatively thick supraglacial proglgtial till seduence deposited at the tﬁerminus of this

glacier: The Portal Creek glaciér/-‘had amore e%tensuve supraglacial cover than Athabasca
ice and, consequently, the dep/ééits left during this late stage event~v;/ere mainly

supraglacially derived. A small terminal dump moraine may have developed at the margin of

" the Portal Creek glacier during this final event.

L4

F. Glacial Chronology ‘ . ) ‘ .
, The bulk of the glacial deposits studied in this thesis are believed to be Late
Wisconsil;xan in age. This assumption is based on two rx\di'ocarbon dates from materials
coliected during the course of this study. A finite date of 29,100 * 560A“C'ye.ars B’.P.
(GSC-3792) was obtained on '\‘/:/ood‘found ink?butwash sediments underlying a sufface till, ibn
the Jasper townsite area (F.igt:tre 2). The wood pieces were angular and fragile.SUggestung
that they had not been reworked, from older depqsité and-that the overlying till is Late
Wisconkinan in age- In the Pocahontas area (Figure 2), gastropods were collected from a
surface unit of glaciolacustrine silts and clays prgsumablky deposited at the margins of a
retreating glacier. They wére dated at 11,900 + 120 14C years B.P.(GSC-3885) thus
providing a minimum date for degféciation of that area. No promingnt geomorphic breaks
occur between Pocahontas, Jasper townsite and Portal Creek suggesting that all the .
_surficial glacial deposits in the major valleys in the Jaspér region north of the Portal Creek 4
;area were deposned in the period effectively bmacketed by the above two dates.
- Due to the presence of a moraine system which probably terminates in the vicinity
of the P'orxal ‘Creek sections, and for other reasons outlined in the prevnous section, it is.
believed that thé éurface unit at Portal Creek’ (unit 5) was deposited in a separate glacial

event of relatively limited éxtent.~$inee no advance of this magnitude has occurred in the '

last 10,000 years (Luckman and Osborn, 1979; Keérnqy and Luckman, 1981) this event’
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must also be Late-Wisconsinan in age.

In summary, the Portal Creek stratigraphic record represents’two
Late-Wisconsinan advances. The earlier advance (represented by units 1-4 at Portal Creek
and by surface tilis farther north) extended beyond the study area. The later advance was
restricted to high tributary valleys such as the Portal Creek valley. Ice moving down the
" Portal Creek valley probably terminated in the vicinity of the upper Portal Creek sections
(Figure 28) where itxdeposited‘nit 5. The extent of this later advance in other valleys is

presently under investigation.

’

&



V. Conclusions
Glacial diamictons described and sampled during regional stratigraphic studies in
the Jasper region are categorized into eight types and six subtypes. The classification
scheme is based on readily observable field criteria and.is therefore useful for regional
stratigraphic studies where large numbers of outcrops must be studied in limited time
periods. Although only objective criteria are used, the classification was designed to
ultimately aid in genetic inte(pretétions of the describeﬂd deposit1s which are required for
meaningful stratigraphic correlations of glacial sediments. Although the generalized level
of the classification makes detailed genetic interpretations impossible in some cases. it 1s
of sufficient detail for most stratigraphic purposes. Detailed ;tudy of certain deposits
may allow for more specific interpretations. All interpretations are subject to revision and
the classification scheme itself will require farther refinement as new types of glacial
deposits are encountered in other mountain environments. However, reinterpretations of
classifiea deposits should not require changes to the scheme as the categories themsélves
| are objective.
The till classification developed here is summarized in Table 1. Classification and
genetic interpretation are based mainly on: \
1. internal characteristics such as lithology and sedimentary structures,
2 vertical and.lateral variations within units,
3. - the nature of underlymg and overlymgcontacts and )
4 the types of associated deposnts , ' o
The eight till types summarlzed in Table 1 can be grouped into four major
categories based on interpretations on the posmon of formation of the till:
1. basal tills {types 1 to 3) |
2 englacial tills (type 4)
3. supraglacial tills (type 5), and
4 ice-marginal deposits (types 6 to 8). .
| Till types of the first two genetic categories cbmmonly are vertically and laterally
- gradational with one another. This basal/ englacial sediment association occurs, as most
type 4 tills apparently formed in the basal debris rich zone (but were stiil entirely encased

within ice at the time of formation). Contacts between till types 1 to 4 usually are

139
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conformable farther suggesting a genetic relationship. Similarily, till types of the-
sdpraglacial/ice-marginal sediment association usually occur together and grade laterally
into one another. Contacts separating till types ef the basal/ englacial sediment association
(types 1 to 4) from those of the supragiacial/ ice-marginal sediment association (types 5 to
8} commonly are erosional.

The hypotheticai facies sequence given in Figure 29 is based on actual
observa{ions on the freqency, thickness and stratigraphic accurrence of each of the till
types represented. ' ;\

The utility of the till classification system presented in this thesis was tested by the’
analysis of a complex sequence of glacial diamictons in the‘Portal Creek area. The genetic
inter pretations placed on the till types wenae vallidated by a general agreement between the
expected and ePserved facies sequences, and aiso p'ro'ved useful in solving stratigraphic
problems in the area as surnrnari2ed beIoYV; )

Stratigraphically complex sequences of glacial depos.its in the Jasper region, occur
mainly. in areas where surficial sediments are relatively thick. Such accumulations of
m‘at‘erial are largely restricted to pre-existing bedrock depressions, such as in fhe iee of
bedrock knobs or in pre-glacial valleys. The latter are especially significant in areas where
tributary streams have cut canyons which are transverse to the main direction of ice flow
in the region. These transverse valleys act as depositional sinks. They are infilled mainly by
basally transported debris when overridden by acth)e ice. Bedrock depressions of this

" type are very common in the Jasper area and formone of the most significant
depositional environments in the region. The stratigraphically complex sequence ot glaeial
sedlments discussed in chapter 4 was deposnted in the bedrock depressnon cut by Portal
) " Creek prior to the- last major glacial penod in the area. “

_ Stratugraphnc and provenance studles in the Portal Creek area reveal three major
}ednment packages of distinct provenance mdlcatmg that three separate glacial events may
have occurred. Hoyveve; a detailed facies analysis shows that the oldest two groups of

_ sediment probably were deposited durlng the same epxsode Changes in till provenance are
| :belneved to be the Tesult of fluctuatuons in the dominance of two confluent glaciers

ongmatnng in dlfferent valleys. The facies analysis supports the stratlgraphxc_evndence that

- the third sedimentary 1package was deposited in a distinct glacial episode at a significantly



Figure 29: Hypothetical sequence of glacial sediment:
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later time than the underlying deposits. The erosional unconformity between the second
and third sedimentary packages (units 3 and 4 and unit 5, Figure 28) that was probably
formed by overriding ice; the presence of both basal and supraglacial till facies above the |,
contact; differences in pebble fabric and lithology the presence of intervening stratified
materials in stratigraphically equivalent deposits in the Astoria River valley; and the
presence of weakly developed lateral moraines (the extrapolation of which terminate in

the vicinity of the Portal Creek sections); all support the interpretation that the upper-most
unit at Portal Creek (unit 5, Figure 28) was deposited during a separate glacial event (a
readvance or significant still stand). More research in adjacent.valleys is required to assess
the regional significance of this event. '

Two main sediment associations occur in the Portal. éreek area. Sediments .
interpreted as ice-marginal and supraglacial debris flows were deposited during the
advance and retreat of ice in the area (units 1 and 5, Figure 28). The bulk of the sediments
at the Portal Creek sections (units 2 to 4, Figure 28) are believed to have bseen deposited at
the base of an active glacier dt.lring full glacial times. Genetic varieties of these tills include
lodgement, basal meltout, englacial meltout; and subglacial flow .tills.

Throughout most of the period of depoSition(of the basal tills the area was
dominated by ice moving generally in a northwest direction. Since the site of deposition
was the hortheast~50uthwest trending Portal Creek valley, most sedimentation occurred in
a depressnon transverse or obhque to the, direction of ice flow. The narrow width of thls
depeessuon probably initially allowed for the development of subglacial cavities. These
cavmes were likely infilled by debrls orlglnatmg at the glacier sole, slumpm% and sliding
down the lee-side of the bedrock depressvon (Flgure 27). Debris rich basal ice also likely
became stranded in the depressnon and separated by a shear zone, from overriding actuve.‘
ice. Meltout of the debris-rich ice allowed for the development and preservatlon of
englacial debris bands and stream tunnel deposuts Where ice was actlvely sheanng over
‘ prewously deposuted sednments {or debrus-rlch |ce) individual partlcles may have been
plastered onto the depositional surface resultlng in the formation of. Iodgement till. The
progressuve upwa'rd’ s%the_posut:on of the shear zone may thus have resulted in

alternatmg deposnts of meltout, lodgement, and subglacxal flow tills, with the latter

: occurrmg mamly in'the lower part of the sedlmentary succession. e

AL -
_\.
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Although stratigraphic correlations with dated sediments are tentative, both g'lacnal
events recorded in the Portal Creek stratigaphic record are pre.sumed to be Late
Wisconsinan in age. Absolute dates were obtained during studies in the Continental Divide
area which indicated that no Holocene advance has extended more than one or two
kilo;neters beyond the margins of present glaciers (Luckman and Osborn, 1979, Kearney
and Luckman, 1981) and from wood in fluvial sands and grans underlying a surface till in
the Jasper townsite area which yielded a date of 29,100 580 (GSC-3792).

It is hoped that the diamicton types designated in this thesis will be applied to
farther stratigrabhic studies in the Jasper region. The scheme developed shoﬁld provide a
convenient and relevant too! for the field analysis of complex stratigraphic sequences and
for regional studies where large numbers of sections must be visited in a short short tme.
'With modifications fhis scheme may be applicable to other mountain énvironment-s and
may serve as a basis for the develbpment of other objective approaches to the study of

Quaternary sediments.

~eil
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Section 83-1 - Jasper Railroad Section

Location: Section 83-1 is located along the C.N. Railroad tracks just north of Jasper

townsite at 54°54' N. and 1 1A8° 05" W. of the Sixth Meridian (UTM 278609).

Unit 4a - 0-0.9 m - Diamicton (Type 6a) : sandy silt matrix; clasts mainly granules to
medium cobbles, average diameter(1-2 cm, large cobbles and boulders ‘rare, matrix
pale ye!low (5Y 7/4), suri"aca wash white (BY 8/ ﬁ); contains sand lenses (see unit 4b
below); well cemented and compacted; clasts sub-rounded to wéll-rounded. 70-80%
" quartzite, 5-10% Iimestone,w 1 O% shale, 5% siltstone: soil development and

@co"uyiation in top 0.5 m, roots extend %o 1-2 m; lower contact planar and -

gradational.

Unit 4b - 0.9-3.0 m - Sands and Gravels; fine to medium sands alfernating with
pebbly sand beds; 40-60% clasts, occaaional cobble up to 10 cmin diametef; large
sgale trough crossbedding (channel-fill crossbedding), crude horizontal Iaminations‘.
w‘eak planar crossbeds, beds. 10-20 cm thick. lens shaped. concave upwards: sands
waell to very well sorted, pebbly beds poorly to moteately sorte‘d ; clasts well

"rounded 70~ 80% quartzute 10-20% limestone, 10- 20% s&ltstone and shale: lower

contact planar and gradatuonal
Unit 4c - 3.0-5.2 m Diamlcton (Type 6a): similar to unlt 4a; contains minor sand
lenses; snmllar to unit 4b in the lower part of the unit; small angular mclusmns of sand
{rip-ups?) occur near the base; lower contac! wavy and clear; unit thickens laterally
" due to local 'scour troughs’ [1-5 m wide and 0.5-1 m deep] which appear to truncate
unit 3. v ; ‘ P O ) - . N
. | , -

Unit3-5.2-6.4 m Medium to coarse sands: pebbles rarawassiv no ing 1 '
- apparent; light gray color (5Y 7@-7/ 2); thnns laterally to less than 1 m due to

trunc&n by the overlynng unit; lower contact planar to wavy and abrupt to clear.

&
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Unit 2 - 6.4-10.0 m Medium to coarse sands and gravels: fine sand beds rare.
gravels mainly small to medium pebbles, maximum diafne\ter about 5 cm; u‘nit |
generally fines upwards, mainly horizoﬁtal bedding with some planar and trough
crossbedding: beds 5-30 cm thick; sands well to very well sorted: clasts well to
very well rounded; lithologies as in unit 4 above; wood and small gastropod and
- pelycepod shell fragments found in the lower part of this'unit; lower contact partially.

covered, otherwise planar and abrupt.

Unit 1 - 10.0-19.8 m Sandy gravel: medium sands to small cobbles: most ¢lasts
pebble to small cobble sized; clast supported:; unit fines upward; graded horizontal
bedding: poo'r to well sorted; a few thin (5 cm) beds of sand are very well sorted:

lower contact covered.
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Section 83-2 - Jasper Water Supply Road Section

]

’

Location: 52°53' N. and 118° 06" W.of the 6th Meridian (UTM 254583). This
section is about 100 m up the Jasper townsite water supply road on the northwest

side of town.

Unit 6 - 0-4.5 m depth Diamicton (Type 1): silty sand matrix; 30-40% clas.ts,- mode
10-2 cm, largest 0.5 m diameter; pale yellow (5Y 7/4), surface wash white (5Y !
8/2); massive, unstratified; unsorted; weakly compacted, moderately cerr\ented;
clasts subrounded to well rounded, 85% quartzite, 10% pebbly conglomerate. 5%
limestone; Iaterall;r to the southeast this unit thickens to 10+ meters; to the east this
unit grades into unit 5 and in the transition zone shows a weak stratifjcation of the

same orientation as gravel! strata in unit 5 (Dip_30-35°, dip direction 20°; the top 0.5,

meters of this,unit ark cplluviated} lower contact planar and abrupt, dips at about 25°

to the south - southeast truncating bedding in underlying units.

'

o Units - 0-:1.5 m deptti (lateral equivale‘nf of unit G)Fine to coarse sands and

gravels unit contains mainly medium to Iarge pebbles total clast content@ Pl
yellow (2.5Y 7/4) to dusky red or very dark grey {2.5 YR 3/ 2) gravels show Iarge _
scale planar crossbeddmg steely dlppmg (30-35°), apparent dlp direction 20°; sands J
show small scale planar cross-laminations; large and abrupt changes iin grain size and
sorting from bed to w sllght coarsening upward; the basal meter consists of well

ggted, pale yellow (BY 7/3) horizontally laminated silts grading upwards into .-

- horizontally stratified medium to coarse sands with some gravel lenses up to 1. cm
~thick with pebbles up to 5 cm in drameter, grading upwards into a bed of matnx

supported small to large cobbles whuch become clast supported wnthm 10-20 cm;

gravels poorly to moderately well sorted; poorly cemented and compacted; clast_s i
well to moderately well rounded; 65% quartzite, 20% shale, 5% sandstune, 7% |
pebbly conglomerate 2% Iumestone cobble sized clasts nearly all quartzntes clasts ‘

frequently fractured, unit grades Iaterally into unit 6 in the west and to the east into _

~
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similar materials but with opposing dips {dip 45°, dip direction 150°9), slumping of
thgse gravels has disturbed the eastern part of the section but in a small e'Xposure on
the far eastern edge of the section horizontat boulder beds, which occur at the same

level as units 1 and 2, are visible); lower contact clear and planar.

Unit 4 - 4.5-9.5 m Medium to coarse sands and cobbly gravels: similar to unit 1

except: mainly medium to coarse sands in lower part of unit and very coarse sands in

top part; abundant s@our and fill structures with lag gravels up to cobble size
(maximum clast diameter about 20 cm); lower 20 cm of unit consists of very well
sorted fine sands with type A and type AB-transitional climbing ripples; generally

’

coarsens upwards: small and large scale planar cross-bedding common.

Unit 3 -19.5-15.7 m Fine to coarse sands and pebbly gravels: graveis mainly

granules to medium pebbles, some large pebbles; gravels both matrix and clast

" supported; small to farge scale planar and tough Eross-bedding common; average

bed thickness 5 cm; unit generally fines upwards: top several-centimeters of unit are
well sorted fine sands which grade into honzontally lammated silts; pebbles up to 30
mm in dlameter occur in the upper part of the capping silt bed; -gravels generally
poorly sorted, silt and sand.beds rrroderately to very well sorted poorly cemen‘ted
and compacted clast lithologies similar to unit t; mcluslons of poorly sorted ™
diamicton are the result of colluviat rnfllllng of recent fractures lower contact

gradational and planar

.o

g}t\z 15. 7-18 9m Sands and gravels slmllar to unit 1 except sand beds

BTG p some large scale trough crossbeds present; umt coarsens upwards in the

1 lower meter and then fines upwards as ln unit 1; dlSh structures are prevalent ina

basal sand bed {60 cm of moderately to very well sorted, medlum to coarse sandsl
- wood fragments found i in a 3cm thlck pebble bed ata depth of 17.9 meters {1 120
m asl) prowdeda date of 29,100 560 years BP (GSC 3792); 1 gastropod and shell

fragments were also collected from thls\bed cappmg SlltS are loaded into the -

B underlymg sands (silt balls) and locally contaln up 50% granules and small pebbles

.
[4

-
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lower contact clear and planar.

Unit 1 - 18.9-22.5 m Sandy grévelz gravels up to 9 cm’in diambeter. average 1 cm.
gravels imbricated (generally dip to the south-southwest (2 OO°)‘anq clast suppgrted:
matrix mainly medium to cdérse grained sands; minor sand and silt lenses and beds
up to 4 cm thick: sands olive (BY 5/3), silts pale yellow (5Y 7/ 3); large scale
. hor:zontal bedding (dip 10°, dip direction 240°, average bed thlckness 40 80 cm,
occasional small to Iarge scale planar cross beddmg in sands unit fings up with
"mainly sandy beds |n top meter; u}\_j.t\ capped by a few centimeters of sandy siit with
some granules in the lower part and(M’t\h horizéntal wavy laminations; gravels poorty
to well sorted, sands and silts moderatély té vef{l well sorted; poorly cemented and
compacted; clasts are rounded to subangular, 55-65% quartzute 3-5% sandstone
15-20% pebbly conglomerate, 3 5% phyllite, 10-15% sh& timestone rare; m;ectnon
structures common: silt beds sometimes extend laterally for tens of meters beforé

‘pinching out; lower contact covered. 3 e ‘
- N - SR

¥
.



~ water supply road (52° 83' N, 118° 06’ W UTM 252585).
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O ) . .
Section 83-4 - Upper Jasper Water Supply Road Section

Location: Section 83-4 is located just upvalley &om section 83-2 along the Jasper

.

Unlt B- 0 1.0 m Diamicton (types 5, 1) matrix sandy unit largely colluvnated weak
to no reaction to HCL; about 20% clasts subrounded to subangular maximum

diameter 1.5 m; tlast lithologies about 50% quartzitic sandstone, 20% other

sandstone .20% shale, 5% phyllite, 5% pebbly conglomerate, occasnonal metamorphlc

erratic (mlca-garnet schist); lower contact wavy and diffuse. -

] ¥d

s
( - EIE S
t
P L

Ung;,z.’fﬁ‘d-z.‘o m Fine sands and silts laterally interbedded Wit'h%iamicton (type

8): sands,sllghtly gravelly, sirnilar to unit 1 silts ollve yellow (2.5Y 6/4) horizontal
and irregulap Iazmnatnons sand beds up.to 0.25 m thick; occasuonal clasts up to 0.25.
m in diameter; lthe number of clasts within mdlv»dual beds increases. laterally to where

the unit grades lnto matrlx supported dlam:cton S|m|Iar to unit 8; unit 'th(ckness also

- 7
.,increases Iaterally (towards the valley centerl-up to two, meters; Iower contact wavy

and clear. ' N & ‘k : L
Q -

Unlt 6-2 15 m Gravelly diamicton (type 7b) matnx snlty to sandy 90% cTasts

ma‘xrmum dlameter 0% m, average: 2- 5 cm; orude horlzontal stratlflcatlon beds.O. 2

to 3m thlck moderately to very poorly sorted poorly cemented moderately

compacted moderate reactuon to HCL clasts. subrounded to well rounded

, occa@slonally s-tnated Ilthologles snmllar to umt 2 except up-to 20% hmestone unit

‘ thlckness varles from about 8?14 m; lower contact planar and clear o -

\

=

S ‘ : - .Qb
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'Unlt 15-19 5m Sands interbeddg'd with gravelly diemlqton (type 7b): mamly 0t

fme to medlum sands w:th some gravelly sands gravelly dlamlcton beds Iess

‘commen ang generall{\less than one meter tthk sands exhibit large scale trough and:

' planar crossbeddmg_,.horlzontal bedding. pla_nar Iammatlons and ripple beddmg; sands
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very welt sorted, gravelly sands moderately to poorly sorted: gravelly diamicton
beds similar to unit 8; contacts between diamicton and sands are sharp and erosional,
beds have an overall dip of 5° and dip direction of 315°; unit largely covered by
slumping. lower contact generally smooth and clear to abrupt.

_ | , § :
Unit 4 - 19.5-22.0 m Gravelly diamicton ({type 7b)interbedded with sands: mainly
gravelly diamicton beds similar to unit 2 below; 'sands similar to unit 3 below. gravel
beds increase in thickness from ._1 5-25 cm near the base to over 1 m near the top of
the unit; sand beds rnostly about BQcm thick; general dip and dip direction of beds
same as unit 5 above; lower contact smooth and clear to abrupt.

-

Unit 3 - 22-25 m Fine to coarse sands: medium to coarse sands, light gray in color
{2.5Y 7/2), silts and 'filne sands light yellowish brown (2.5Y 6/ 4); well developed
planar laminations and ripplelaminations (types A and B ripple-drift cross lamination
and sinusiod'al ripple lamination): beds Atwo to several centimeters thick . general
bedding dip 4-6° and dip dir_eotion 310¢; individual crossbed dips asrhigh as 27°(27°.

276°) and as low as 17 (1°, 96°) were recorded; lower contact planar and abrupt.

Unit 2 - 25-27.5,m Gravelly diamicton (tyoe 7b); rnainly pebbles to small cobbles;
mafirnurn clast diameter about 20 cm; matrix mainly medium to coarse s?nds, some
.silt‘s and clays; mainly.clast. supported- crude inclined planar stratification an'd
possnble twaak) crOSSbeddmg and scour surfaces; bed thlckness 5- 50 cm; beddmg
' dlp and dip direction variable - averages 5° and 31 5° respectwely moderately to
‘very poorly sorted; clasts subrounded to well rounded 60-75% quatzmc sandstone., -
' 5% other sandstone B- 15% dolomlte and arglllaceous hmestone 5% pebbly
conglomerate 5% shale; strong reactnon to HCL; lower contact partnally covered

~ otherwise planar and abrupt.

e -~

‘Umt 1-27. 5-29 Om Gravelly sands . mainly medlum to coarse sands Wlth sbme
gravelly sands clasts up to medium pebble suze sands ohve yellow to Ilght ohve

brown (2 SY 6/ 6 to 5/4) small to Iarge scale trough and‘planar crossbeds

- h
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horizontal Iaminatior;s, some scour and filt structures; bed thickness 1-15 cm: mainly
.moderately to well sorted but pebbly beds are pvoorly sorted; no reaction to HCL ;
cla§ts subrouhded to well rounded; ljthologies as in unit 2 above: lower contact

covered.
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‘Section 83-5 - Rocky River Section
Location:Rocky River Valiey - approximately 8 km from Highway 16 NTS 83F/4 W
53°06' N, 117°54° West of the Sth Meridian (UTM - 1 1UMJ 400839).

Unit 5 - 0-2 M - Sands and silts: silts 2.5Y.5/3, sands 2.5Y 4/4; horizontally
stratified: beds generally about 2 cm thick but sand beds up to 20 cm thick. silts
‘mottled but show weak laminations; minor small scale cross bedding in sands. pebble

layers locally present; lower contact sharp and planar in places. slumped elswhere.

Unit4-2-15M - Di'amict,_on {types 4, 6a; 6b):'Matrix texture variable - generally ~
sandy or silty sand; (10YR 5/ 2); matrix supported; clasts granules to small cobbles,
wmaximum diameter about 50 cm, mainly small to large pebbles. locally up to 8.0%
pebbles and larger: total clast-content 35-40% massive with minor sand lenses and
layers; poorly sorted to unsorted:; poorly to moderately cemented clasts subangular
to rounded clasts striated and pltted 50% carbonates, 35% quartzutlc sandstc»ne
‘lO% srltstone and shale, 5% pebble conglomerate; Iarger clasts dominantly

sandstones, lower contact gradational. '~

Unit3 - 15-23 M - Dlamictbn (type 1): matrix sandy silt and becomes more clay rich
towards tne base of tne unit; matrix supported; unsorted- clasts mainly small to large
pebbles {few cobbles.and very large pebbles) clasts ccmmonly striated; clast

' hthology and shape as intinit. 4; lower contact covered due to slumpmg in the clay

rich lower part of theunlt o AR : ‘ S

‘Unit 2 - 23-26 M:- Silts and clays: 2.5Y /7 to 2. 5Y /8 very well sorted' no t:lasts

observed; some horlzontal lammatlons—and beds (102 cm thick) present mmor sand

- lenses (4 cm thlgk) near the base of the umt lower contact sharp and planar

Unit 1 - é6-70+ M- Gravels a‘nd sands: interbedded s'anld pebbly gravel and c‘obbly a
and bouldery gravel beds promlnent boulder beds at base of unit and at depths of ‘

about 35 and 45 m; bed thlckness generally about 0. 2 m but up to 1m; dommantly

«
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horizontal bedding with some trough crossbedding and scour and fill structures;

'. cross bedded sand lenses-up .to 0.6‘m thick common in gravel beds; sands and

. pebbly.gravels mainly moderately to well sorted; cobble and boulder beds mainly
poorly sorted: Ilowér contact s’ﬁarp andﬂ irregular - the gravels have ero&ed deeply
. into the underlying shale bedrock leaving an unconformity with many meters of

relief. T v
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Section 82 -10 - Roche Miette Sectlora

>

Location: Section 82-10 is located alono an unnamed, intermittent creek draining of f
the north side of Roche Miette - NTS 83F/4W, 53 11’ N.. 117°57' Waest of the
Sth Meridian, (UTM 1 1UMJ 363928‘lf The section is accessible via a pioeline
right-of-way which intersects Highway 16 about 5 km north of the Rocky river

briége (3.5 km west of Pocahonta_é).

Unit 4 - 0-1.5 m Silts and fine sands: variable coloration (red, white, brown): weak

horizontal bedding; buried soil horizons (Ah fayer) and ash layers are present and -

conform to the topography; unit thicken's laterally to depths of two meters or rnor‘e‘}‘
s -

L B

Unit 3 - 1.5-3.0 m Gravels: mafify. small peb‘blesto srnallcobbles; some medium to
coarse sands and granules; some'veryflarge clasts up to‘ 3m Iong~ modal clast
diameter about 5 cm; bedding dlsturbed or. obscure in most places Disruption |s
'malnly compressnve in nature (folds and low angle (thrust) faults) and strongest below
large clasts; most beds moderately to well. sorted but some are pporly sorted; clasts- -
mainly rotmded to well rounded, large clasts mostl'y :subangqlar;- abundantfstriations, )
especially on the upper surface of larg;e; boulders (striations and the long axis of

large boulders parallel the main valley)' clast'lithologjy similar to unit 2-belo\"~ exceot
for mmor metamorphic erratics (mica-garnet schist and*muscovute-blotlte gnenss) on .

the surface unit thickness varies from 0-3m; lower contact gradatlonal

»
.

Unit2-3-10m Gravels: granules to cobbles, modal diameter about 5 cm, some
medium to coarse sands Iarge scale planar and trough crossbeddlng and horlzontal
'bedd;hg dlp 1. 5° -3 dlg dlrectnon 35°- 710 (parallel to the malnevalley) moderately ‘
to well sorted; poorly cemented; CaCO, coatmg on most exposed pebbles glves umt
a whitish color; clasts reunded to well rounded; 40 50%“quart21tlc sandstone

40 50% Iumestole 10% siltstone, 5% pebbly conglomerate up to 90% of large

| ‘ pebbles and cobbles are quartzitic sandstone umt thlckness varies from one tonne

A

- ’Q% » ERRE kR
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meters; lower contact-clear and wavy. S .
%

~Unit 1 - 10-50+ m Diamicton, gravel, sand and silt: fine sands to'large cobblgé,
maximum clast diameter about 2 m; weak large scale planar and trough
_ _c_ross-_stratificatién; bed thickness 2 cm to 1 m but generally 10-20 cm; beds dip 3°
to §°\to the northeast (305°); sand and pebble beds are mainly well sorted, gravel -
beds with larger clasts are generally moderately to poorly sortéd ; diamicton beds,
common in th? upper part of the unit, are very poorly sorted and are mamly clast
suported; very poorly sorted diamictons wuth numerous large clasts domlnate thns
unit in more southeasterly (upvalley) exposureS' minor lron-stamed open-work
grayels near the base of the unit; clasts are angular to rounded but marnly subangular
. to subrounded roundnesé mcreases wnth softing; striations absent; clasts nearly“
100% of local lith_ology {mainly limestohe and dolomite), Sandstpne and quartzite rare,

minor argillaceous limestone. =«
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Section 83-11 - Jacques Creek Section

Location: NTS 83E/1-53°03' N, 118° 02' Waest of the 6th Meridian (UTM
308783l. about 2 km from Highway 16 along the northeast side of .lacques Creek.
Unit 4-0-3.m - lnterbedded gravel, sand and diamicton (type 6b); gravels mainly
clast supported clast content 60-90%, maximum diameter 1.5 m; gravels are planar
'and trough cross stratified, beds up to O. 5 m thlck sands and minor sults exhlbut
honzontal lamlnatlons and small scale planar cross bedding; cross beds dlp 2-3°
towards 285°; gravels poorly to moderately sorted, dlamlcton very poorly sorted
sands and silts well sorted; clasts rounded, to angular mainly subangular; 50%
Ilmestone and dolomlte 20% shale and siltstone, 30% sandstone, minor chert and
pebbly sandstone; few clasts striated; lower contact gradatlonal but locally

e

represents a sharp scour surface into unit 3 (scours 3-5m wnde and 1-2 m deep).

Unit 3 - 2’-25 m - Diamicton (types 2,3,4): sandy silt matrlx pale yellow {2.5. Y
71 4) total clasts generally 30 60% but higher in the lower part of the unit; average
clast dlamet'er -2 cm, rnaxnmum 1 m except at the bask where a relatnvely large
number of cobbles and boulders up to 3 m in diameter occur: weak horizonital
beddlng |s apparent due to- dlfferences in color and gram size distribution between
beds; in the lower part of the unit there is a bed about 2 m thsck wnth up to 80%
'subangular limestone clasts and little mathx i the middle of the unit there are

. horlzontal bands of S|lty dlamlcton (type 3), 10~ 20 cm thick, kﬁh 5-10% clasts; one

bed in the upper part of the unit is comprlsed of avery poorly sorted boulder mch

dlamlcton 0 5 m thlck lenses of moderately to weII sorted medium sands to pebbles L
oceur locally lenses size varies_from 3- 10 cm thick and 3 cm 62,5 m wide;’
wregular mclusrons of porous poorly sorted gravels (malnly subangular to angular

_ cobbles wnth a granule to pebble matnx) oc0ur in ‘the lower part of the unnt matnx
L reacts strongly to HCL clasts 50% Ilmestone,. 10% dolomlte 30% quartzlte and

quartzmc sandstone 5% siltstone and,mmor shale, pebbly sandstone and chert;

| clasts mamly subangular to rounded wnth quartzltes exhnbmng the hlghest romdmg

lnmestone clasts frequently fractuaéd and heavnly stnated partuculanly in the lower

o
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part of the unit where the diamicton (tybe 2) is almost clast supported in places; the
lowest few meters of the unit are partly covered but some exposures show |

diamicton with lenses or beds of very well sorred medium sando well sorted

granules and poorly sorted gravelly sands; due to the partlal cover it was not

possible to determine the shape of all lenses but some were clearly circular m cross

- section (type 4); sor(fed materials may locally be mterbedded with diamicton; lower ~ - -

contact covered. '

Unit 2 - 25-30 m - Sijlts and sands; sands mainly fime to very fine; color pale brown
(10YR 6/ 3) toolive yellow (2.5Y 6/6); light grey (2.5Y 7/2) on weathered surfaces:
weak horizontal b%ddlng beds 2-4 c¢m thick, finer laminations also famtly visible;

“lowr contact clear, wavy. : ' ) .

v B
Unit 1 - 30- 50+ m - Gravelly diamicton; matrix mainly sands and granules ‘some:silt;
pale brown (10YR 6/3). 80-90% total clasts, mode 2- -3 cm, ma;fnmum 0.5 m mamly
clast supported weak honzomal beddmg inclined downvalley generally poorly
sorted with some moderately sorted gravel beds; no strlated clasts observed; 50%
hmestone 30% dolomlte 1Q% sandstone, 5% siltstone, 5% sandy Ilmestone mmor
tufa and pink quartzrtes quartzltes are moderately well rounded Iower contact g

covered. ., - - e



© sorted gravel beds present; &lasts moderately to well“rounded, 60- 70% limestone, -

‘conglomerate red dolomate and shale umt vanes in th;ckness from 3- 7 m due to

173

Section 83-‘18 - Pocahontas Warden Station

Location: Section 83-18 is located just south'of Highway 16 above the abandoned
Pocahontas coal mine (NTS 83 F/4,53° 12" N, 117°56° W of the 5th Meridian, UTM

\ . & t

381946).
Unit 13 - 0-'} M- Diamioton (types 1, 5): color brown {10YR %/ 3). light gréy on
weathered surface (2.5Y 7/ é)‘.silty matrix; totalvolast content 40-50%. average size "
1-2 cm, maximum diameter 0.5 m; masswe {type 1); matrix supported; unsorted;
weakly cemented and poorly compacted strong. and rapid reaction to HCL, clasts
subangmar to rounded:; striations abundant; 60-70% limestone, 10-20% quartzute .
10% sandstohe 10% siltstone; metamorphic erratncs occur sn the upper part of the-
diamicton (type 5); the surfgce of the section has been disturbed by a bulldozer unit
varies in thuckness from 2 to 8 meters; lower contact sharp and erosional a

truncates be'dd-ing in unit 12, contact dips at an angle of 8°tp the southeast(1179).
A} . - |

cobbles; horlzontally stratified and planar cross:
{2979); moderately to well bedded; sands ﬁght brownlsh gray m color (2, 5Y 6/2);
sz}nd Ienses are up to several meters wude and 0 5 meters thick, horuzontally
Iammated sdne sand lenses exhlbnt well de\ibloped trough {channel fill?) cross

Iammat:ons gravel beds.up to 2 m thick; poorly to moderately sorted s }ewell

20-30% quartzitic sandstone 10% other sandstone 10% siltstone, mmor pebbly

truncatnon by umt 13; lower contact gradatlenal
Umt \1\1—1 14-20 M - Gravels anJ sands same as unit 12 except beds dlp at angles up

v L

to 7°in varaous dlrecttons some grd\’lel beds iron stamed 40-60% limestone B *.

30-40% quaftth[C‘ sandstone, 10% other sandstone, 10-15% saltstone.‘mmor_

v e



‘conformable with unit 5.
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ironstone, bebbly conglomerate and shale; lower contact gradational.
: \

Unit 10 - 20-38.5 M - Gravels and sands: same as unit 11 except gravels are mainly
horizontally Stratified; iron stained gravel beds less common; sand Ienses‘mostly
horizontally laminated and 10-40 cm thick; lower contact gradational. .
Unit 9 - 38.5-40. 5 M Sandy gravel domlnantly medium pebbles to small cobbles
with a fine sand matrix (stained to a dark yellowish brown color - 10YR 3/6)
horizontal bedding; beds 10 to 40 cm thick, poorly to moderately stratified wnth

gradatlonal contacts poorly to moderately sorted; clasts subrounded to well

“rounded. subangular clastsrare; 40-60% limestone, 30- 40% quartzmc sandstone,

\10% other sandstone, 10-15% srltstone minor ironstone, and shale lower contact

P ?
covered ° . PR , ‘
L ] : i

.
Unit 8 - 40.5-44.5 M - cover'.ed
) .
Unit 7 - 4_4.5-4:86.1 M - Diamicton (type 7a): massive; silty sand matrix brown in polo‘r -
(IOYR 5/3), lightgrey when weathered (2 5Y 7/2); average clast diameter 1-2 cm,
maximum 0.5 m; matrix to clast supported 40-60% total clast content; unsorted

weakly cemented poorly compacted strong rapid reaction to HCL; clasts

-subangular to rounded commonly stnated :60-70% limestone, 10-20% quartzitic

sandstons, 10% other Bandstone, 10% sultstone; lower contact unduilatory and clear.

.

Unit 6 - 46.1-47.5 M GraVels and sands: same as umt 1 but well sorted gravels and

iron stamed beds absent sand Ienses 5-10cm thnck Iower contact horlzontal and
. ) . - . . . ) 2 ) . . . L
v . p .

Unit 5 47 5-511 7 Sandy gravel same as unit 9 except beds are domxnantly peorly

sorted and vary from 0.2 to 1. 5 m in thnckness base of unit is coarser gramed ‘basal

[

0.5m consnsts of boulders up to.I min dlameter lower contact eroslonal (sharp and

shphtly wavy scoured?) . BN
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Unit_..d*- §1.7-52.3 M Sands and silts: mainly fine sands; silt beds less common:
sand'#olive brown (2.5Y 4/4)in color, com'r’nonly stained to a yellowish brown (1 oy
.5 16); silts olive grey {BY 4/2); mainly massive but horizontal beds from 1 to several
S 'cms thick are locally apparent faint honzontal laminations also present silt beds up

.. .'.7 ' 'to 2 cm,thick: unit is wedgé shaped and’ plnches out laterally in about 8 m. lower.

~",'. . 4 T
'5‘3- . - -contacy, _osnonal. : ‘ ) ' .
r ) . - w ] ‘ - - '\, . [N
Umt 3 52. 3-54 M Gravelly diamicton (type Zb): matrix sandy -dark greyash brown
in color (2.5Y 3/ 2), weathers to light olive brown (2 5Y 5/4); 40-70% total clasts; all.
.- sizes up to 0. 5 m dtameter mode about 5 cm; mainly clast supp‘orted crude
hornzontal stratification in some beds due to high matrix concentratlons (up to 80%
" m places) beds dip 5° to the NW (327°) lie. towards the valley center}, iﬁular clasts
"tend to lie flat giving the unit a weak |mbr|cat\on poorly to unsorted; strong rapld
reactuon io HCL; clasts subangular to angular, rounded clasts uncommon; stnatnons -

rare; 40 60% sandstone 30 40% limestone and dolomite; 10% sdtstone 10%

po

quartftnc sandstone 5% shale (aimost entnrely local rocks) lower contact sharp and
?

plana where not disturbed bQ slumpmg

Unit 2 - 54-55.5 M - Sands and silts:'same as unit 4-except unit is tabular; small |
scale faults and distortion'of bedding»iprobably‘ due to slumping); lower contact

‘indistinct and slighty wavy; contact siopes towards the \{allley cv:‘enter.'.l

~ LN . n : s Q ' !
Umt 1- 55, 5:57.5M Gravelly dlamlcton same as unit 3 except total, clast 40- 60%
rounded clasts rare and strlated cléets absent Iower coniact covered )

: -~ : -
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Section 83-28 - Pocahontas

Location: 1.5 km from Highway 16 up the road to Miette Hotsprings just above :
Punchbow! Falls (NTS-83 F;/4 w, 5.:3° 12" N. 117° 55" W of the 5th Meridian, UTM
388947).

*Unit 3 - 0-2.8 M - Silts and clays: clayey silt tex'ture color drey; horfzontallt:
laminated,; abundant gastropods unit thickness varies from 1:5 m; the top 1-2m
locally are massive sandy silts which show buried sorl (Bf. AK?) honzons grades .

laterally into poorly exposed matnx supported diamicton (type 1?); lower contact

- %'
L4

glanar and conformable : -
F
Unlt 2-28-41M G’ravels, mamly small pebbles to-small cobbles planar and trough
cross- stratified; dip 16- 250, dip direction 10-60°; some sand Ienses well to very
:' well sorted; beds, commonly iron stained: clasts well rounded; 60-70% limestone,,
'10% quartzitic sandstone, 10% dolomite, 5-10% snltstone minor pebbly
conglomerate ‘other’ sandstone and shale; clasts dominantly of local lithology;
tpwards the NW (towards the main valley) this unit thickens to 10+ m and the upper
A part grades into a p?orly exposed diamicton contalmng strlate)d clasts of similar
hthology to those llsted above.
_ Unit 1-4.1-84 M Gravelly dlamicton (type 7b) matrnx sﬂty sand clasts up to small
" .'cobble snze no boulders 70-80% clasts; massive; poorly sorted 1o unsorted clasts
' "':j"mamly subangular to angular 60- 75% llmestof% 20- 25% sandstone mlnor sdtstone
' quartzmc sandstone and dolomlte umt thlckgens to 5 mor more lateral!y (to the SE) ‘ R

— -Iower contact covered

Loy
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Section 83-29 - Portal Creek Composite Section i .

e

L]
9

® 2 -

L

e

_ Location: NTS 83D/ 16 52547 N. 118°04" W of 6th Meridian (UM 1iumy "

emskiarea.

4

' 278486) Approximately 10'km south of Jasper townsne on road to Marmot Basm
fgfut 200.m southeast of Portal Creek bridge. '

Unit 5 - 0-9 m - Diamicton (types 1, 5 énd 6); pale yellow(5Y7 / 4); silty sand
matrix(53% sand, 29%silt); 10-20% clasts (40% pebbles, 30% cobbles, 30%
boulders) boulder content notuceably higher than in underlynng unit {type 5); rhax;mum
&ast diameter about 5 m; mamly massive and unstratified: npups from the underlymg
diamicton and minor sand leses, generally about 10-20 cm thidk and 3-5 m wide ha

occyr in the lower part of the unit (type 6); moderately cemented and compacted,

clasts subangular to well rounded all b:@dders are quartzitic sandstones; fewiclasts ~ .
:strlated Iower 1-2m of unit are locally enriched in \shales wn'th numer.ous. stnatnorﬁ \
(type 1 unlt pinches out to the east ldownvalleyl IOWer contact wavy and clear ta
gradatnonal g el T o : . ‘
) Umt 4-9-40 m - Dlamacton (’types 31 la) ollve gray(5Y5/2) matnx muddy e

(35- 45% sand 20-35% silt); clasts mamly pebble s:zed boulders rare; maunly ma
.and unstratlfned {type 1) d Cg:pq%n occas:onally shows color bandmg in the up _'l

'portuon {type. 3) one olnve colored band (5Y6/ 2 to 5/ 6) 0ccur;mg about 4m belo

- -“the contact with unit 5 is 6-12'cm thlck-and is. laterally traceable in 3 shghtly S -
undulatmg rbrlzontal plane for several meters, bﬁnds are Iocally depleted in snlts and '
. clays wuth up to 80% clast cqntent (average 25%) wnclmed sand Ienses dlppmg k
" towards the valley center (north are. locally present &ype la) str' ngly compacted; \

~

Clasts sub-angular to rounded cobbles.and boulders all quartz sa 'stones 'and

quartzntes lower contact gradatnonal ) Lo T

i - B -

Unlt 3- 40-60 m- Dllmlcton (typu 1 1b and 4) similar to unn 4 except dlamlcton

locally coritains sand and gravol Ienses (type lb) rig.
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ganerally 20-40 cm thick and 2-3m long; pods are more circu]ar with diameiérs of
about 1 m; upper surfaces of pods and lenses vary from planar to strongly ‘convexw
upwards, lower surfaces are planar to concave upwards; contacts with the
surrounding dlamlcton are generally sharp and smooth to irregular . lenses generally
have better sortmg better preserved bedding structures and are sandier than pods;
trough crossbeds are the main sedimentary structures; large clasts frequently
. protrude into the sands and gravels from the upper c.omact- occasional inclusions of
diamicton and anomalously Iarge clasts occur within the sands and gravels Qeddmg is
generally deformed and faulted; large changes in gram size occur over short
distances in some beds: paleocurrent directions mamly to the north (340°-409),
lower contact of unit gradational. | )

Unit 2 - 60-80 m - Diamic;on (tynes 1 and l2)‘; olive yellow (5Y6/6); matrix sandy to V
silty (highly variable}); 30-40% total clasts; clast diameter up to 5 m, average 10 cm; "
massive, compact Snd unstratified; clasts show a strong fabric orientation between
90° and 100°; abundant boulder sized shale ciasts in upper part of unit: clasts angular
to aubrounded. mainly subangular; small plano-concave sand lenses occur locally, ,‘
especially near the bafe of the unit; clast size decr‘baées and clast content increases

: in the lower half of the unit; unit pinches out or is covered to the east; lower contact
gfadational. |

Unit 1- 80-95.+ m - Diamicton (type 6) intercalated with silts sands and gravels;
dominantly (80%) diamictan occuring as both lenses and b',eds from 1-10m fhick;
sand and silt lenses occur frequently and are generally about 0.5 m thick and 1-3m

- long; some large sand and grave! beds, traceable for up to 10- 15 m, occur; they are
2-3 m thick and composed of silt beds (average.1 cm thick), granular sand beds
(average:2-4 cm thick) and pebble beds (average 10- 15 cm thick) which dip at |

" various angles and often are dnstorted apparent dip and dlp direction are 10° and
32°, raspectwely {parallel to Portal Creek); : , ‘

'. Quamucto uQ_ s Ba and 6b): ohve (5Y5/ 6) variable texture malnly silty sgnd to

sandy silt; 20-80% total clast content; gan_erally mass,uve_ although stringers, lenses
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“«

and nrregularaly shaped pods of coarse sands and gravels are locally common (type

3

6b);, some possuble flow folds present; poorly cemented; clasts mainly subangular to

subrounded; few striations;

Silts, sands and gravels: very well sorted to poorly sorted; clésts up to large pgbble
size frequently occur within sand=and silt bedsf‘.primary se"gimentary structures are
rare and usually only faintly preserved (mainly wavy and planar laminationg). beds are
frequently highly contorted, fdilded and faulted and ar@bften intercalated with thin

; ‘beds of diamicton (type 6a); load structures, injections, fluid escapé structures, clay -
inclusions and deformed laminations are common; sand and gravel lénses near the
'top of the unijt show the greatést deformation and locally appéar sheated and -
faulted; apparent dip and dip direction are 10° and 32°, respectively (parallel to Portal
+ Creek); the amount of sand and gravel relatlve to diamicton increases dramatucally
downvalley {to the NE), sand lenses also are larger and more abundant, diamictons
become sandier and have much highgr total clast contents, gravel beds increase in
frequency, striated clasts become. raré,r, and limestone conté’nts increase to the NE;

lower contact of unit covered.

G
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ran 1
Appendix;Zis Results of Grain Size Analyses - Sisve dsta - Bulk textures

;@“ﬂ (<16mm)
§-mg|’§&@ % small to ;gmum 2-4 %sand (0625-2 % siit and clay
diamicton type) medium mm) mm) S (<0828 mm)
mm) .
Type 1 ' g
82-2-1 33 7 33 27
82-2-2 - 21 6 a7 26
83471 18 | 8 29 - 85
83-7-1a 19 | 6 31 Y
83-18-13 200 ;! . 37 40
83-13-5 20 ‘ 5 30 45
Type 2 ’ -
83-11-3 23 s . 29 - .39
83-11-3d 13 8 34 45
832738 13 5 31 51
83-10-1 10 2 39 49
Type 3 ‘ h
83-29-wab 17 6 28 49
83-29-w4 - 13 | 5 28 53
Type 4 . | -
83-29-4m 11 5 a1 ' 43
83-29-4 23 5 42 30
83-11-3b 10 | 7 31 52
83-15-7 39 4 29 28 -
Type 5° | . B . N | .
18373 . 20 16 38 26
8381 21 . 10, 32 37
e2-3426 10 5 I 47

82-34-22 ° 12- 6. &0 a2

@)



82-27-1

82-29-wb

Type 6
| 83-6-2
83-12-2
83-17-7a
83-6-3
82-33-3
82-27-3b
83-29-w1
83-44
83-15-5
83-42
Type 7
82-17-7g
82-17-7be
83-40
83-8-2
82-17-7b
83-7-2¢g
83-7-2

83-11-4
,y 83-41
Type 8
83-15-4
83-13-3b
Non-glacial
ps-ﬂie-7
- 82-11-3

- 83-29-4g

19
20

16
24

21

13
18
17
22
22
24

47
41
72

52
29
50
45

24

18

38
. 60

(S N T Y. S S N )

o)}

10

27

44

59
52
45
52

32

40

.32

53

49

33
32
21
32
17

31

23

34

86

27
15
29

.28

39

- 40
11

39
15

181
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