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' ‘Druv&lms and flutlngs are: wvdespread in the Hmton/Edson area The orlentatlon of. these

8 ‘streamlmed forms {5 approxumately 40" 220‘> ThIS trend follows the Athabasca River

: valley and presumably parallels the former flow dnrectlon of lce close to the valley centre

o lce moulded Iandforms to the east lllustrate deflectlon of former lce flow flrst eastWards R

B ~and then southwards Thls aeflectlon is attnbuted ,to confluence of’ the Laurentlde Ice
. kY
- Sheet and Cordllleran pledmont |ce when the Iandforms were formed ! ', =

Forestry road cuts have exposed sectlons through three streamllned landforms in-

\

the v:cunlty of Canyon Creek ten kllometres northeast of Hunton and these forms have z
been lnvestlgated mtensuvely Dlamlcton is: the domlnant materxal exposed but numerous
stratlfued layers reveal a complex mternal structure Thrust blocks and overturned folds |

at are well dlsplayed in one flutlng lndlcatlng that the sedlments of the prox:mal part of thls

Lt

form have undergone stacklng by shearlng and overfoldlng lt'ls proposed that a
transverse feature sumllar in orlgln to a Rlbbed or Rogen morame acted as a nucleus for
flutmg formatlon and that the flutlng resUIted fro subsequent lee—s1de agglomeratnon of

debrls—rrch 1ce Behlnd thts obstacle Flnal tlll depos:tlon 0(:curred by melt out. ‘.The
_" : lmportance of melt out processes ,19 the fmal preservatlon of drumllns and flutlngs in the i
Hunton/Edson area |s .evndent from observatlons of twb o?her streamlmed forms I

el
- . 4

e TWO dnmensuonal and three-dlmensuonal fabrlc patterns |Ilustrate the complexlty 2

mg the rele of fabnc

aoalyses in the evaluatnon of genetuc processes' e . =T e
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1. "iNTRODuCTlON .

- -
- e -

1.1 Introduction to Alms and Objectlves of the Study Ca . T . o -

in;the- Hinton/Edson-area- (Flgure—l = glacnal landformsare dlverse wvdespread and————

well preserved Although the stratlgraphy of the surftcnal deposits has been mterpreted

’

by Roed (1968 1975) detalled analyses and process lnterpretatlons of the glacual
landforms have not been undertaken It is;for this reason -that a selectlon of drumllns and

flutmgs were chosen for mvestlgatlon The pruma:y obJectlve of’ thls study is to explain .

-these selected landform asSemblages and thelr sedlmentojoglcal tharacteristics in terms

. - V

of glacngenlc processes. These flndlngs may also provude some general conclusuons

concernlng the nature of glacnataon and deglacratlon ina restrlcted zéne of a pledmont

-

‘glacser which Roed (1975) suggests ‘was. confluent wnth a contlnental ice sheet i m the
Hinton/Edson area during the Ea\ly Wlsconsm glacmtlon lt is noteworthy however, that

the chronology of glaclal events in‘the Hlnton/Edson area is stlll'uﬁclear

. . . -
.- Lo A

~

1.2 Locatién of the StudyArea N o e LT

The area around Hlnton {NTS 83F)was examlned  during the course of thls study
(Figure 1.2). ltis sltuated in west central Alberta and is bounded to the West by the Jarvns |
Lake Valley at 1170 47’ W and to the east at1 l7° 00" W.. The northern boundary is '

- defined by the latltude 53° 40 N and the southern margm by B53°20' N. :
. Prlorlty was glven tS an lnvestlgatlon of the streamllned Iandforms wuthm‘ the _' ) .‘ .
) ! Athabasca Valley between Hmton and the Emerson Lakes (Flgure 1 2). Thls constltutes a

llnear distance of approxumately 45 kllometres In this-aréa : a Ioggmg road on the north :
. snde of the Athabasca Rlver has exposed road cuts through many glacngenlc streamlmed

: landforms and data from three streamllned landforms wnll be presented here

1.3 Thesis Orgamsatlon | ," SRR PR : s : AR i
ln this chapter, drumlln and flutlhg genesus is revnewed brlefly and the physucal

settmg of ‘the Hlnton/Edson area |s presented Thls mcludes a summary of the glacial

hlstory and stratl_graphy proposed by l?oed { ‘l_9648, 1,975).:At the end of Chapter A ' A

- _.::.A.;detailed objectives of,th'is _study a_re elaborated.\ »}Chapter 2,clarifies certain_ terminology
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<‘ " . " e . ;
an7 classmcatlons proposed for glacual deposuts and deals with the methods whuch have
been used in the analyses of streamlmed forms Chapter 3 exammes general theorles of

‘ drumlm and flutmg format|on and outllnes some ‘of the propertles of streamhned forms in-

‘ the: Hmton/Edson area.. Detalled descrlptlons and process. analyses of three streamlin d R
' ?forms are presented in. Chapter 4. Each landform is dlscussed in terms of mOrphology |
sedlmentology and fabrlc In Chapter 5 the 1nterrelat|onshlps between the thres
streamluned forms dlscussed m the prewous chapter are examlned and a general model of
' ‘,drumhn and flutlng genesns is* proposed S v' c .
R X Introductaon tp Drumlms and Flutlngs | _ -
| 3 : Drumluns are streamllned oval shaped Iandforms In general the steepgblunt part v
- _V'of the Iandform is located on the proxnmal or up |ce side whereas the gentler sloplng end |
: ?ls located on the' dlstal or down—lce side.” The Iandforms vary |n snze but are generally
A 5 50 metres htgh 400 600 metres wnde and 1 2 kllometres-long (Fllnt, 1971)

Flutungs sometlmes referred to as flutes or longltudlnal shear marks (Clayton and

) Moran 1974) are long 'stralght parallel rldges wuth crest Ilnes whlch are of snmular heught
R throughout the length of the form Small scale flutmgs Iess than 2 metres in helght 3
o metres in W|dth and Ikilometre in Iength are most common (Hoppe and Schytt 1953

A ,..,Boulton 1976al Larger scale forms Wthh are 25 metres in helght ‘IOO\metres in wndth
e . and 20 knlometres in Iength have also been reported (Flmt 1971) . ’ D \
Many theorles have been suggested to explam the orlgln of these streamllned \

s.\’

: “:landforms : They have been adequately summarlsed by Muller (‘l 974) Glllberg (1976) and

" Menzues 41979) It is. not proposed at thls stage to revnew the Ilterature on drumhn and

.

o flutlng formatlon but to pi ovnde some general comments by way of mtroductnon to these

ilandforms Specnflc theor is of drumhn and flutmg format:on w1l| be dlscussed later wuth ~

' -reference to the genesns of, these forms in the Hlnton/Edson area

] Menznes (1979) suggested that the followung questlons when answered‘ should 1 A
provnde a deflmtuve explanatlon of the orlgln of drumlms RV : o _’7?.;;7" e

. Where are drumluns located and: why7 g R ; o
2 What i is the mternal composutlon\ drumlm and what structUres ex1st W|th|n

[

e

tthemandwhy7 L e e S

v N
S
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3 What processes cause maternal in certam areas of a glamated Iandsdape to

agglomerate mto lsolated mounds?

~ . o

4 What relatlonshlp exlsts between drumllns it terms of spacmg, dlstrlbutlon

o

P

: "‘thought to be relevant here: -

densuty, morphometry and terrann factors and the relatlonshlp of these factors to |ce

d.

flow7 e

5 Why is-a drumlln so shaped7

: The same questlons are appllcable to flutmgs and in thls context a further questlon |s

'b-".'»

. 6. What IS the relatlonshlp between drumlms qutlngs and transverée morames

Wthh are. sometlmes found in areal assocnatlon wnthm gIacuated Iandscapes7

In thls theS|s an attempt wull be made to answer these questvons iy relatlon to D r‘, K

.observatlons of drumhns and flutvngs in the Hlnton/Edson area Untll thls study no

T,

o ,observatlons of the lnternal charactenstncs of drumlms and flutmgs have been reported

b to the south of Hmton easterly and southeasterly trendlng drumlms and flut‘mgs ln 4
- Marlboro tlll are truncated by northeasterly trendmg drumllns and qutlngs in Obed till -

: (Flgure 1. 5) Thls trend |s also dlsplayed on the Glacnal map of Canada (Prest et a/ 1968) !
) 'f‘fRoed (196$ 1975) used thls cross-0utt|ng relatlonshlp to support hlS lnterpr‘etatlon of

two separate Cordllleran |ce advances SR S R

1.5 Background to the Field Area .. . .-

' .,_1 5”1 Rellef and’Physuography :

- for the area. Roed (1 968 p 25) stated that these features weré not studled in detall "

However he ndentlfued two dlstmct trends of streamllned forms in the area and noted that ’

.‘_‘

In terms of genetlc process mterpretatuons llttte work has been undertaken Shaw :

B { 1 980) postulated that drumlms and flutmgs near Edson may be related to secondary fI6ws i ks

I

' _'generated |n the zone of convergence between the Cordllleran and Laurentlde ICe sheets

;'However no fleld checks were undertaken to test thls hypothesns |n the Edson area

v ‘. . ’ S . e T . R ol ' - ¢

e v Coa

:i N The Hlnton/Edson areais Iocated wuthln the western part of the Interlor Plalns o .
E ':reglon and the eastern part of the Cordilleran reglon of Western Canada (Bostock 1965)

= 'Roed.d 1 968) proposed three ma jOl' physuographlc dwusnons in the Hmton/Edson area on the

'a' 2
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basss of geomorphology and geologuc structure (Flgure 1. 3) hese lelSlons are the ’ : R

[

| w ‘ Rocky Mountam Front Ranges the Roclcy Mountam Foothllls and the Iaterr'pr Plams The

i Interlor Plams are further subdnvrded into Iocal unlts consustlng qf Tablelands Benchlands '

o Lowlands Jarvns Lake Valley and Burled Valleys Not alLof these\malor dwnsnonS'are g ( "

'apphcabre ‘to the fleld area under cohslderatlon here for example the fneld area does not ¥

Cow

)

fall within ‘the Rocky Mountam Front Ranges (Flgure 1 3)' i P N ,,
ln the fleld area the Rocky Mountam Foothllls are approxnmatety 18 kllornetres L

wude (west to east) extendmg from Brule Lake to Hlnton where they form a narrow '

-

northwesterly southeasterly trendmg belt (Ftéure 1 3) Wlthm the sthdy area to the
B southeast of Brule Lake, the Rocky Mountam Foothllls dlsplay a structurally controlled,t St

o ‘trellrsed dralhage pattern To the nbrth of Brule Lake the dralnage pattern bears very llttle

i)
T

_’ 'f_’relatlonshlp to the strUcture Both the Jarv:s Lake Valley and the Athabasca RIVGF valley i
- "traverse the structural trend of thé Rocky Mountam Foothllls (thure L 3) _ '

_ | The l”nterlor Plalns are bounded to the wefst by the Rocky Mountam Foothllls and are -

- subduvnded mfo Tablelands“BenchIands and Lowlands Most of’ the fleld area I|es wlthm ER

-" thls physnographlc reglon Bayrock (1960) applled the term "Tablelands to hlghlands m R

A "Alberta whlch have relatsvely steep slopes and flat top . Roed (1 968) ldentltled a number B

‘-:'ﬁ o of Tabrelands in- the fleld area( anure 1. 3) These are the Berland Plnto Athabasca and
| Mayberne tablelands Because thls study is largely confmed to. the area surroundmg the RRNOEE

el
4

' located north and south of the Athabasca vaer resp tvely (Flgure 1. 3) -

. The North Athabasca Tableland is a hugh upl ; 'lateau mostly above 1220 metres

o
G

lt reaches a maxnmurn ele\Iatlon of 167'5l metres in f_ 8

3 l North Athabasca Tabl'lcnd forms a northeast—southwest trendlng"‘_ atershed for many of

f » the smaller dralnage basm of the’ local Athabasca Rlver (Fugure 1 3) Sl'he north snde of‘thls

Tableland is dramed by the headwaters of Oldman Creek (anure 1. 3) On tHe south snde of g by
'thls ]’ableland Fellx Canyon Baselme pretown and Plante Preeks dram dlrectly into: the oo

- e, . " LA .
. »/_ . iS R B

& : ~ AthabasciBlver (Flgure 1 3 o T f ,
- e The South AthabascaTabIeland us generally above 1220 metres and two’ pomts nse
ol - above '1400 metres one to the southwest and the other to the northeast_of McPherson

e

o . . ’ * \“‘ w N
S ) . o L -
SRR . - I
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Creek ThlS area forms a dralnage dlvnde between the northwesterly flowung streams

, Wthh dram to the Athabasca Rlver and the southeasterly flownng trlbw of the McLeod CL

. Rlver . B X g e A
. O ; e AT o ’ o

The Benchlands are’ defmed as areas between the Tablelahds and’ Lowlands and are

:serles of subparallel faults and folds trendlng northwest - southeast In general the

‘v near Hmton (Lang 1947) and the Pedley Fault (lrlsh 1965) (Flgure 1 4)

hd -

“characterlsed by terrace remnants generally at elevatlons of l 1 00 metres,(Davns 1932)

ln the fleld area the Athabasca Benchland broadens out towards the north where itis

bounded to the east by the Edson Benchland and Mayberne Tableland and.to the west by

the North Athabasca Tablela (Flgure 1. 3) ln the northeastern part of the fneld area the
\

'Athabasca Benchland is characterlsed by an undulatlng surface at an elévation- of between

v' 975 m and l 150 m in the vncmnty -of Plante Apetown and Oldman creeks the Benchland v

: has been deeply mcrsed by these trlbutarles of- the Athabasca Rlver R ‘\‘ -
15, 2 Bedrock and Structure . R N ,
ot The l-hnton/Edson area is underlam by a varlety of sedlmeptary rocks of : 6 L
v __Cretaceous and Tertsary ages (Flgure 1. 4) Jhe western part o‘f the study area IS located m

| the Rocky Mountam Foothllls Wthh has undergone tectonlc deformatlon and lncludes a

R

R

-

' _ .antlcllnes form.rldges whereas syncllnes control valleys (Irlsh‘ 1965) L L T
| The Western llmlt of the Rocky Mountaln Foothllls comcndes W|th the trace of the

; | 'Mlette Thrust Sheet (Mount joy 1962) The eastern margm of the Rocky Mountam Foothllls R

. -\,:'.

T ‘:IS deflned at the ponnt where sedlmentary beds dlp unlformly and gently to the east and

Iocally |t ns marked by the east flank of the northwesterly trendlng Pralrle Creek Antlclme

»‘,'.

The Rocky Mountam Foothllls are underlam by a thrck sequence of clastlc rocks R

b

B Wthh belong to the Alberta Group and Brazeau Formatlon of Late Cretaceous age The

N Alberta Group lS composed of the Cardlum and the Waplabl formatlons whlch crop out to _‘ s

'the east of Brule Lake (Figure 1 4) ‘Dark grey fusslle shale and mmor grey cherty sandstone -

characternse thlS successnon Overlylng thls is 3 sequence of transmonal marme

| )"sandstones that grade into the conglomerates of the non—marlne Brazeau Formatlon The :

- -conglomerates are composed of quartzltlc pebbles and are. mterbedded wuth sandstones

,‘(lrlsh 1965l Other llthologles of the Brazeau Formatlon are greenlsh grey, thnckly bedded o e

~ v . . ! : . . : . .
. N . . PR . e ’
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bentonltlc and feldspathlc sandstones blocky grey mudstones and thin coal seams Black

‘m

carbonaceous beds are common and thun :mpure |ronstone layers are, present ln some

places (Insh 1965) The uppermost bed of the Brazeau Formatlon |s a distinctive, massrve

\( -

- grey sandstone about 20 metres thlck (lrlsh 1965) From west to east the Brazeau

B

i e

Formatlon is found generally from 4 kllometres to the east of Brule Lake to Hlnton : g RS
(Geologlcal nghway Map of Alberta 1975) ‘Th‘e‘Paskapoo Formatlon of. the Paleocene
stage underlles an éxtensnve area to the east of Hlnton extendmg as far east as Evansburg
(Geologlcal nghway Map of Alberta 1975) The contact between the Brazeau and the

| Paskapoo formatlons is unclear although a dlscentmuvty has been recognlsed m Hmton '

- (Irish, 1965) thhologles of the Paskapoo Formatlon consust of grey and greemsh grey,

. thlcklsy bedded sandstone ahd some grey green sultstones and mudstones of freshwater
orlgln (lrlsh 1965 Geologlcal Map of Alberta 1972 McCrossan and Glalster 1974) : -

1 addltlorr mmor conglomerates thm llmestones coal and tuff beds appear in thls sequence 5

-

(Geologlcal Map of Alberta 1972) P S
; " ~

,'Zj’r e Bedrock is. covered |n much of~the area by gIacsal glacuofluvnal and glacnolacUstrnne

materlal lFlgure 1 5) The clasts in the overburden consnst mostly of Iocal quartzltes

sandstones Ilmestones cherts and |ronstones r\fo |gneous or metamorphlc clasts of

4. T
Canadlan Shleld provenance weretobserved mtthe fleld area. \‘[ L ':. \ -

. .\.
. @ .
<, } , S oS
L et ‘3

.

‘ 1.5, 3 Glaclal Hlstory and Stratlgraphy .‘_‘.’ ‘.‘ ‘-‘:: ﬁ_ 3
GIacnaI glacuolacustrlne, glacnofluvnal and postglacnal deposnts are all preserved in - -
the Hlnton/édson ‘area {Figure 1 '5) However a complete stratlgraphlc séquence has not
been observed in the area and radlometrlc ages are not avallable for the deposuts (Roed
1975) Therefore the chronology of the deposnts in the Hmton/Edson area. lS based upon

‘ 'morphology Ilthostratngraphy and cross-cuttlng relatlonshlps

' a‘ Recent studles ln gIacnal geomorphology and geology have shown that tllls can be

/ mterpreted as dlfferent events For mstance a section dlsplaylng several dlstmct tills may

- classnfled in terms of genetlc processes (Boulton 1972) This presents a problem as a o
Ilthostratlgraphlc lnferpretatlon may sometlmes be dlfflcult without a genetrc process
. analysus of a tl" sequence Prlor to: our present understandmg of tlll deposntlon '.\ ‘

llthostratugraphy was more srmphstlc and most changes in deposntlonal units were ;, o

. < .

-
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Lo elther lndlcate a succesmon of glaclal advances or show slmply pne glacual eplsode ' -

_ Boulton (1972 P 36 ) empha5|sed thls problem S T
. .' "It is suggested that exlstlng models for the mterpretatlon of ancient tills and '
" 1. 'the sequences. in-which they- l|e are often toq simple and lead to erroneous
. 4 .oostratigraphic. and palaeogeographnc conclusions. Till'is far too’ often ="
v ~interpreted:as lodgerpent tilland. it is_suggested that many Pleistocene.and-

L7 LT earlier sequences currently thought of.as:products of repeated glacier. advance . |
w7 ot 0 and readvance may be perfectly normal products of a s:ngle retreat phase by a: .
‘ ,-'~g|ac1er wnth a thick englacnal det rus load.”. .~} . S ,_.-. A

-, 1

Thls IS possubly the case for the Hlnton/Edson area and lt should be pomted out that

.\',

Roed ( ‘l 975) hlmself appears unoertam about the number of glacral advances and retreats ' j: ,_,' ;

~

4

: @
s m the Hlnton/Edson area He has |deht|f‘ ed seven tllls Wthh represent

-/‘\"\l. 2

three possibly four glacrer advances (p 1499) as many a flve advahce-s and

retreats (p 1510) : IR EEL P A "-"\ SO R ST

L R .‘._'A: Ak ’_. ] e . R i ;__\'_

rThe followmg ls a summary of the glacnal hlstory of‘the Hmton/Edson area .

proposed.by Roed ("l 968 1975) The ftrst Corddleran advance to extend beyond the

Athabasca \(alley ln the Hmton/Edson area termed an "eatly Cordlllerah" advance IS based .
on the dlstrlbutton of Gog quartznes derlved from fhe Rocky Mountalns Wthh have been X . s
» ) - ldentrfled m the Laurentlde tlll One erratlc sm'ular to the Gog Group has been found by TR
Roed m the Laurentlde Mayberne tlll.at 1220 metres on the Mayberne Tableland (Flgure 1, 3) =

t .:. _.( several krlometres to th e e ast of the "known" hmlto .-Cordllleran Ice Other erratnciiflrlg B .f?', .

e

R ; ’ “Gog Group have been Ioc ed wathln the Laurentrde tull to the sOutheast of Edson ,Roed

nnterpreted the presence of these erratlcs as evrdence of a Cor{dgnlleran advance prlor to
TR
the arnval of the Laurentrde Ice Sheet The alternatrve hypothesus that he proposed |s that ;

- these erratlcs were deposnted |n a confluence between Cordllleran and Laurentlde |ce

sheets lf the Iatter hypothesxs is acceptéd 1t l$ dlfflcult to see how the I&atlon of thése
AN S ‘
: erratlcs lndlcates an early dvance because locatlon alone does n

A\I‘

:%t mdicate the tlme of

'northeast is consudéred\to be penécontemporan%ous W|th the early Cordllleran advance

(Roed 1975) The extent of thls oldest Laurentrde~advance is. tlTought to be to the west of "

e

. ,, Creek tlll occurs on the south bank of the Oldman Creek (Roed 1975) The tlll conta:ns ug

" 1 ~ Nosehlll Creek and to the north of Oldman Creek (Flgure 1 6) ne exposure of the Marsh

3,

: :.1{:' .




. . _ o

! ."’- ,"_".- to 12% gneous rocks of Canadlan Shleld provenance and its heavy mlneral sulte is snmllar

to other Laurentlde tllls |n the area (Roed 1975) ROed commented that whule the lower

b

contact of thls t|lI was not observed the upper contact w:th outwash gravel is sharp and

probably eros:onal The outwash gravel is. mterpreted as Marsh Creek outwash whlch is

overlam in turn By: Marlboro il .; B M

-

The next ma jOI' glacaatlon IS consndered to" be marked by the Marlboro tlll of the '_ o

Cordllleran Ice Sheet and the Edson and Mayberne tllIs of the Laurentnde Ice Sheet tRoed

u

1975) Marlboro tlII presumably‘marks the most extenswe advance of the Cordllleran lce :
Sheet WhICh coalesced wnth the Laurentlde Ice Sheet (Flgure 1 6) Roed ( 1970) has
mapped the Marlboro till on the North and South Athabasca Tablelands and from the Rocky

‘ M0unta|n Foothllls northwest of Brule Lake to an area 5 kllometres«to thewest of Edson ‘, - ;f.-— ;

(Flgure l 5l Roed consndered that the Edson and Mayberne tulls are llthofames of the: samé

-4

=

advance (Roed 1975) Mayberne t|Il occurs on the Mayberne Tableland to the northeast ofl.

. <
A|.',

the study area whereas Edson tIII occuples part of the Edson LowIand (Flgure l 3) The, R

dlstrxbutlon of Marlboro tuIl mdncates that Cordllleran lce extended over the North and . 6 K

,;A..

-~

TN

TN

: South Athabasca Tablelands and stagnateddurlng coalescence wnth the Laurentlde lce \
v Sheet |n the northern part of the study area In the southern part of the ﬂeld area the w "'
dlstrlbutlon of Marlboro tlll Indlcates that Cordrlleran lce contmued to row ln a*'-"'—“é ’j ) o |

; southeasterly dlrectlon towards Rocky Mountam House IFlgures I 5 and 1. 6l~ The0 RN L

R ornentataon of drumlms southeast of threﬂstudy ar_ea n the vrcmlty of-the Embar/as’Rlver R

.A _‘ shows strong deflectaon of Cordllleran lce as a result of convergencebetween the SRR
- S Cordllleran and Laurentrde lce sheets (Roed 1975 Shaw 1980) lt should be. noted that

| x | Shaw and“KeIlerhals (198§ p 13 and P. 43) have suggested that Shueld erratlcs occur in the

U Athabasca and McLeod Rlver gravels much further west and soUthwest than the Laulrentlde

e

Ice'fmlts mapped for surface t|Ils by Roed (1970 1975) However the llmlts they~

B _:"-.proposed for these al'eas (T ownshlp 52 Range 23 and Townshlp 50 Range 22 see v T
Flgure 1 6) are con]ectural because granlte clasts ﬁl;om the Canadlaan’hleId wer‘e not

' _'_clasts from Interlor Brltlsh Columbla Near Roche Mlette ln - e

i3
i

- .\‘\__,
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.

- Shaw and Kellerhals must be consudered speculatlve untll detanled petrologlc studles are

conducted

.During deglacnatlon from the posutlons marked. by the Marlboro Edson and

S e .

Mayberne tlll limits, Cordllleran and Laurentlde ice retreated to thé southwest and

northeast, respectlvely As a result glacnolacustrnne sediments accumulated where

meltwater was ponded between the two'ice masses, for example in the Edson Lowland

‘and lower Oldman Creek areas (anure 1. 5) Recession of the Cordllleran glac1er resultedqn,:'

mcreasmg meltwater WhICh flowed into an extensnve1ake in the EdsonLowland to form . ‘,l

Y ot the Marlboro delta The delta occuples an extensnve area and itis the main source of the ’

sand dunés south of Edson Roed, 1975 " . L R
In the northeastern part of the study area “the: Emerson Lake Esker Complex is - B -

v thought to have developed whlle the Cordllleran and Laurentlde |be marglns remamed ln

contact durmg the early stages of thus deglacuatlon (Roed 1975l Roed proposed that at

- this tume meltwater from the esker complex flowed southeastwarQs formlng the splllway
channel now occupled by Sundance Creek and supplymg sednment to the glacnal lake in the _
- Edson Lowland Thls meltWater also dnssected part of the Marlboro Delta (Flgure 1.5 and e

e Ce s

! : ' . . - -~

 Roed proposed that the Marlboro ice continued to recede ‘séuthvvestwards‘ as far -

...as Brule Lake where it stablllsed for an unknown tlme (Flgur‘e 1 5) At thIS stage the Pedley

: Outwash sedlments were deposrted on the Athabasca Benchlands and in the Plante Creek '

N

valley area (Flgures 1.3 and. 1 61? - RN o
The next proposed glacnatlon is marked by the Obed t|II deposnted by the :
Cordllleran ice. The extent of the Obed t|ll is shown ln Figure 1. 5 Roed suggested that o

" one effect of the Obed advance was that |t overrode both Pedley Outwash and Marlboro

' .tl" on the Athabasca Benchland S SN R I e

o

. Evndence for the separate Obed advance is based upon the trlpartnte sequence of
Marlboro il overlam by the Pedley: Outwasb in turn overlam by Obed till. This sequence lS
._observed along the Canadlan Natlonal Rallroadd'lght of way between Pedley and Obed ‘
(Flgure 1.5). Iti is noteworthy that samples of Marlboro and Obed Is have been analysed
for heavy minerals, pebble composutlon and carbonate content ancj the results lndlcate that . -

7 there are no differences between_the tills at certain lo:catlons (Roed;” 1975) At other

L - . . : Sk R . NS :
P g R S AP
J . PR PR

~ : ’ T - SN i -
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Fggure 16 Map showmg features related to the glacial hnstory of the Hmton/Edson area and L

‘the ice flow.inferred from drumlins and flutings.  The suggested zone of -
“convergence betwean Cordnlleran and Laurentrde ice sheets ;s shown by the dashed

Ime (&om Roed 1975) Lo



- B e (Roed 1968 p.61)

\

Iocatnons there are dlflferences between the two t|lIs for example the Obed tlll has more .

llmestone clasts and a sandler matrlx (Roed 1975)

" Roéd commented that A

~

: "The Obed till'and Marlboro till can’be dlstlngwshed in the subsurface by

16

superposmon only where-the-two- umts are- separated by~the Pedley- sedlmentc

-~

&

Roed has also supported hIS argument for separate ‘Marlboro and Obed ice.

A 'advances based upon morphologvcal observatlons of drumllns and qutmgs He. postulated '

’ that truncatnon of the easterly and southeasterly trendmg drumhns grooves and flutings in

' -front retreated to a pomt betweer;Brule Lake and Entrance and at thls time the Lower

[is evudence for the tVVo advances (Flgur"e 1. 5) <

the Marlboro trll by’ the northeasterly trendlng drumllns and grooves present in the Obed t|ll

12

Roed suggested that subsequent deglacratron resulted in the depositior of

- lacustrlne sed:ments in the F’Iante Creek and Apetown Creek valleys (Flgure 1.5). An esker :

complex also developed at th|s tlme whlle ice dlsmtegratlon features such -as kames

' Hmton Terrace is thought to have developed (Stene 1966 Roed 1975) Fmally wuth

l _Train (Stene 1966 Roed, 1975 Glover 1979)

. mcreased meltwater the Lower- Hlnton Terrace was dlssected to form the l.oWer Valley

7
G

'- / - The Drystone Creek advance is the last glacral event proposed by Roed Thrs

T advance |s consudered to have been short hved mvolvung only local alpine valley glacners

that d|d not extend to the main valleys Evndence for th:s advance ‘which is- based on

' deposuts obserVed in the Drystone Creék: valley is consndered tentatlve (Roed 1968 p 9 1)

N

o

S, 6 Detauled Objectlves _ o ; .'

Jo'

L Ry

The complete sequence of events proposed by Roed Is summarlsed in Table 1 1

. . . ; - .. S . . . . . ¢ e

The ob;ectlves of thls study are as follows

- formed in. the v:cmlty of Obed Subsequently the Upper Hlnton Terrace was formed . pa

~durmg a stlllstand of the Obed ice at Maskuta Creek (Stene 1966) At'a Iater stage the i ice '

* To record the morpholog:cal and sedlmentologlcal _haracteristics'jof_ sele'cte‘d e

streamlmed Iandforms in the Hmton(Edson area R ¥

2 To conduct fabrlc analyses to ald process lnterpretatlons for selected

a . a
R ’..

B streamlmed Landforms



] x ~
LAURENT IDE ORIGIN

STAGE

2= CORDILLERAN ORIGIN

-

P" B A T

*LATE WISCONSIN  Obed Till

CEARLY HOLOCENE = Drstone Creek Till
- OR

\

v

; . -Pedlcy Ou.tﬁash'
EARLY WISCONSIN - Harlboro Tilt ©

-y

Un . . . -
- . Upper and Lower Hinton Terrace

Edson’ ~-Mayberne T_i"l !

Ty
)

Marsh Creek Till

? . &
, . . " early” Cordilleran Till. .
. o
: * Table 11 Stratigraphic Sequence (3fter Roed, 1975). .. =
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. 3. To examme the relatlonshlpsbetween mdldeal straamjnned Iandforms N

4 To construct awprocess model to explaln the genesus of streamllned Iandfor‘ms L

' ¢

. B To evaluate thls model in the context\bf snmular explanatuons for streamhned -

\ .
A v

landforms proposedelsewhere oL o

T O A =
. . . . . . .



2. METHODS AND OBSERVATIONS - .~ -+ ..+«
2Hntroductton T ST PR B TR

A the Hmton/Edson area a reconnalsance survey of glaC|aI landforms was made

i

o 2 2 ﬁhlr Photo: lnterpretatlon and Fleld Mappmg

.

. .to August 1979 The mam part of the fleld programme mvolved analyses of both the o

R mternal and external characterlstlcs of selected landfOrms from Wthh genetlc process ’

mterpretatlons were developed Analyses of tlll lncludmg pebble fabrlc sedlmentary b
f'structure and clast concentratlons were made toget%er wnth observatlons on other

‘,‘propertles of the depOSItS mcludlng texture geomet bed contacts and surface forms :

Collectlvely these data prowded the basis to evaluate mdl\ndual deposuts and: the local -
i stratlgraphlc sequencesf{w:thm ‘Wthh they occur Fleld and aerlal photographlc .

. rnvestlgatlons were also undertaken to determlne reglonal relatlonshlps of glacnal R
.landfqrms : el T e ' R AT .

J b

fu N - .- L Lt R .
i~y ﬂ . . .

0

' Fleld and alr photo lnvestlgatlons were undertaken to examlne glamal landform ‘ T
relatlohshlps and specrfu,: Iandforms The Alberta Provmcual air. photo mosalc complled

" betwéen 1949 and 195‘1 at a scale of 1 63 360 183F6 83F10 83F1 1. prdvndes an ;’-

C’

- ﬂL‘ overvnew of the Jandforms w1th|n the Hlnton/Edson area Federal and Provmcnal a|r

photographs at scales of J 60 000 (Federal 1970) 1 39 600 (Provuncral .188%), 1: 31 680

> (ProvaIaI 1964/65l ahd l 15 840 (Provuncxal 1969) were used f‘or more detalled

\ c"lnvestlgatlons of the landforms Provrndxal a|r photographs at 1: 39; 600 taken before .

o 31956 do not show many of the%’xustmg Ioggmg routes A|r photographs at 1 131, 680,

) ‘taken from 1963 to 1965 better]dlsplay the network of roads in the fleld area | e

o v‘_Photographs at thlS scale provrde adequate coverage of the area and were used | _b

o e extenslvely in thls study Between 1965 and. 1969 a m_;or logglng road was bunlt by St
: Regls Pulp and Paper Ml" Company m Hmton (Flgure 1 2) Thrs road runs parallel to the

north 51de of the Athabasca Rlver near Hmton and cuts through a number of glamgenuc

C assemblages' Thls route is-not present on photographs at 1k 31 600 WhICh sometlmes

[

makes exact locatlon of speclf:c landforms duff:cult For th:s reason photographs at



' ,

1 15 840 taken in 1969 have been used to analyse the orlentatlon of road cuts through
speci‘flc Iandforms Federal air, photographs taken in 1970 at 1:60, OOO give updated
mformat:on on access W|th|n the area but are unsatlsfactory for landform analyses

because cloud cover on the photographs reduces clarlty Interpretatlon of air

o

photographs at. these scales resulted in 3 provuernal Iandform map and SpBCIflC srtes wére'_ NP

selected for fleld lnvestlgatlons e C O P e
| . y_h" , '. ‘ :‘ '...‘ ,14:;‘:1:."':» " L ' . .~"-I>°,,
2 2 1T Fleld Surveys Surface Morphologlcal Investlgatlons

¢

For streamhned Iandforms surface morphology was best obtalned from alr ) e

photographs because landforms were obscured by thlck vegetatlon cover However

selected land‘forms were also mapped usmg surveylng technlques For process st.udles ‘

' many mvestlgatlons of Iandform morphology alone ‘are mcomplete wuthout lncludlng other N

N varlables such as composutuon and structure : ‘_ S .' .

Slmple Ievelllng was carrled -out usmg two equal helght levelllng rods, an Abney

°

Level tape mea5ure and Brunton CompaSs The Ievellmg rods were held vertlcally some

dlstance apart on the sectlon of the- landform to be surveyed The dlstance between the
rods was recorded and the angle of mclmatlon was determlned by backsnghts and '
foresrghts ussng the Abney Level dlrectlonal measurement between rods was taken

wrth the cempass and the procedure was repeated severel tlmes Although thls method IS

' not as accurate as 8 theodollte or translt survey lt has an advantage where dense

o undergrowth |lm1tS more conventlonal mstruments lt is also a relatlvely qu1cl< method of

.)_.

surveymg and 1t provrdes adequate accuracy v '
2 3 Till = Deflmtlon and Classmcatmn o '

Because t|II is the maln component of the surflcval deposrts in the Hlnton/Edson

“area a- dlscussmn of its characterlstlcs is relevant to the understandmg of many Iandforms
- The' term "tlll" was or;glnally deflned as a stlff clay full of stones varymg |n srze up to .
boulders produced by abrasuon carrled On by the ice sheet as it moved over the land" ' " |
(Gelkle, ‘l 863 p 185) Smce then many defmltlons of tl" have been propdsed lsee ‘

Goldthwa:t 1971 and Legget 1976 for dlSCUSSIOh) Goldthwalt l1971 P 3) stressed that

- Utill is the only sedlment stemmlng dlrectly and solely from glacral lce ' Boultorl (1976b

S ‘ . S N . A I . *

P



s thls classlflcatlon is approprlate m such actlve envnronments as humld polar areas lt is not j' L

' ,y:by the dlrect agency of glac»er lCe and whlch although It may suffer postposmonal

"'clearly a rlon generlc term

-

- p 65) defmes tlll as "An aggregate whose components are brought together and deposuted

'deformatlon, does not undergo subsequent dlsaggregatlon and re deposmon 1 Lawson '
E '(1979 p 28) has deflned t||l as "sedlment dep05|ted durectly from glacuer ice Wthh has not
: ‘undergone subsequent drsaggregatlon and resedlmentatlon"—Ztshould be: made clear that
o .the term tlll is an mterpretatlon and will: be applled genetlcally |n th:s study The term
, "dlamlcton" (Flmt et a/,, 1960 p. ‘l) wull be. uSed for descruptlve purposes It has’ been
) deflned as "essentrally a non sorted non calcareous terrlgenous deposrt composed of

’ . 'sand and/or larger partlcles ina muddy matrlx" (Flnnt Sanders and Rogers 1960 p 1) and is

v

Many workers in the fleld of glacnal aeology and geomorphology are engaged in . o
_ '(the ongolng process of estabhshmg 3 genetlc classuflcatlon of t|l|s} (Drelmanrs 1976 ‘
-*__'"1982 Table 2 1) Flmt(1957) proposed two terms Iodgement tlII (subglamally dep05|ted

dlrectly from transportlng |cel and ablatubn tlll lformed at the surface as a result of

- .were attrlbuted to Iocal shdmg and flow durlng thelr release from |ce Boulton l1972)

B 'prowded a more recent classrflcatlon of tllls usmg modern Arctlc glacners as deposmonal
| ‘.models for former ice sheets and he proposed a new term "melt 0ut tlII" ' He descrlbed
_melt ‘sut /‘tI" as “released elther supraglacxally or subglacnally‘f/ om stagnant ice beneath a

‘confmmg overburden and |n whlch some of the orlgmal englacnal features are preserved

_ (Boulton 1972 p379) Boultons (1972) classn lcatlon of tllls lnto lodgement melt out and

o _flow t||ls |s based largely upon the processnof deposntlon Shaw (1977a) noted that whlle

i adequate when applled to arid polar envnronments In thls envuronment preseryatlon of .
= pnmary structures orlgmatlng durlng the t"ansport of debrls by |ce IS common due partly
i to the absence of large amounts of meltwater and the overall predommance of

B ‘subllrnatlon As a result Shaw (1977a) provnded an expanded classn‘lcatlon for terrestrlal

SR tllI whnch mcludes the posmon of transportatnon the posmon of deposmon and the » :

N "used here (Table 2. 2) ’

o process of depos:tlon He later modlfled this classnflcatlon (Shaw 1982) and it wull be

' . malting). - At thls tlme Hartshorn (1958) proposed the term "flow tnll" for deposxts whlch ’ S .‘
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) Sedlments Wthh become tl” may be transported in a basal; englaCIal or supraglaqxal-

posutlon The basal posltlon lS consndered here as- “the lower highly debrls charged zone . |

o of the glacler The englaclal posutlon is brpadly equlvalent to the mam body of the |ce A
between the basal zone And the supraglaClal zone, on the i lce surface The posutlon of t||l

1;——~ formatlon may be- proglacual lateral englacnal supraglacual or- subglacnal (T able -2: 2)—F|nally, ‘

the prdcess of formation results in some of the follovag till types

. Lodgementvtull ~ Tl deposmon by lodgement is the .plastering of debrls by actnve ice
; <" . temperate at its bed.(cf, Fiint, 1957; Shaw, 1980). " :
. Basal-rnelt out till - - Till derived by stagnation of -basal dehris—rich ice and subsequent

P L . deposition by subglacial melting (cf.- Boulton, 1972; Shaw, 1980).
Englacial melt out till - Till derived by stagnation of englacial debris—tich ice which is
T " released and lowered by melt out processes (thls termis suggested
T ot N—Here) . . , .
Supraglacnal melt out till ' o

. ) " Till whichis. transported supraglaclally and |s Iowered through melt
o SO ' gut processes (cf. ‘Shaw, 1982). -
Flow till - Till which has been transported in a supraglac:al englacnal or basal o
, S position and has been redistributed through flow involving
L S : - . considerable gravitational mass movement {Hartshorn: 1958; .
e . .. Boulton 1968). The term flow till i is wndely used but |ts valldlty is
R - questlonable (cf Lawson 1979) ) y

2 4T|II Descrlptlon ‘ S . - b, ', RS .' ",
Certam characterlstlcs of the tl"S mvestlgated m the field’ area were recorded lh‘3
partncular propertles such as clast llthology, dlstrlbutlon snze shape and roundness were

' observed i he llthologlcal composmon of clasts was analysed by shatterlng pebbles and
.' _\ .
B cobbles to expose clean surfaces Estlmates were, made as to the domlnant llthologles

v

durung fabnc analyses Cobble and pebble content was VlSua"y estlmated with reference :

to a comparatlve densuty chart (T erry and Chulmgar 1955) Clast s:ze was analysed in the _

fleld usmg a cIassuflcatlon proposed by Wentworth (1922) and a grain suze comparator Lo

(developed by the Department of Geology, Umversnty College London) was used to ; AR

v determlne the suze of sand partlcles in strattfled materlals assocnated wuth tlll Clast shape'

-‘ . Was recorded using Zlngg s cIassnflcatlon of pebble shapes {in Pettl john 1975 p. 54) Thls RN

dxvndes pebbles lnto four groups tabular equant bladed and prolate Pettl ;ohn $ (1975) B

E roundness grade was used extenslvely in determmlng the roundness of clasts Clasts are : .'

described as angular subangular rounded and well—rounded Varlous roundness grades .
have been proposed (Wadell 1932 Krumbem 1941 Folk 1955) but because of the

d'escrlptlve mature of Pettn ;ohn s classlflcatnon rt was used in preference to the other

, PRI



>

°°U|d be: broken by hand wnth dlfflculty L S I

Surface textures were ldentlfled wherever posS|bIe TheSe mvestlgatlons mcluded

~

‘ observatuon of strlae scratches and percussnon marks or plts (Pettn ;ohn 1975) Surface
Atextures were related to the posntlon of transport of the clasts 'Problems of ldentlfymg
. envuronments of: transport and depositlon from surface textures have been presented, by

Holmes(1960) Drake( 1968 1971) Goldthwalt( 197l)and many others Surface

textures are not always dlagnostlc of clast posmon durmg transport but are mformatlve |n

’thls respect when used in conjunctlon wuth other till propertles lBoulton 1978l

Tlll matnx was estlmated for sand sult and clay content and tlll compactlon was

. r--ele‘scrlbed sub Jectlvely The degree of compactlon was analysed w1th reference to three

classes loose compact and very compact These terms Were applled sub Jectlvely

‘ Loosely compacted tills Were consldered to be those ln whlcb the matrlx could be

o : crumpled by hand very compact tllls were those |n whlch the matrlx could be broken only

’ by usung a geologlcal hammer and compact\tllls were those m WhICh the matrlx ma.terlal

s

Colour was ldentlfled from Munsell colour charts lnternal structures such as’

; Jomtung flSSlllty follatnon faultmg and foldnng were recorded Cl;e relat\onshtp between'.l-' N

clasts m t||l and ad jacent s‘tratlfled materlals was analysed Tl“ fa rnss were\recorded at '

- specnflc sutes to help determme the nature of formatuve processes Some of these

'characterlstlcs wil be descrlbed in more detall below ; }\

'2 5 Sedlmentary Structures

'

Pettl john and Potter (1964) have deflned prlmary sedlmentary structures as those ‘1

- sedlments |n whlch they are found They tnclude varlous types of surface marklngs,)

bedforms and beddmg Also mcluded are structures WhICh are p ' ‘ducegl,by the actlvuty of :‘?5 o

- but before consohdat:on of sedlments lRemeck and Slngh 1980 ' 8) o ) B _

o L IR terms of fueld methods sedlmentary structures were analysed usmg a varlety of

Wt

3 techmques These mcluded the |dent|f|cat|on of bedforms and the descrlptnon of beddmg

j obse’d ata mucro scale wnthm a smgle bed (Otto 1938) and ina sedlmentary sequence

L

' orgamsms ‘and penecontemporaneous deformatlon structures pr duced after deposmon o ,'

L formed at the tume of deposutnon or shortly thereafter and before consolldatlon of the . i
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Y '\”‘f:..‘_y Measuremen‘cs of the geometry of bedforrﬂs and beddmg were recorded and mterpreted—' e
"""""" slng standard procedures |n sedlmentology (Muller 1967 Bouma 1969) Tectonlc ¥y

struetures weré observed |n some sectlons Faults and folds were descrlbed Other , W S
. \ L L~ Lo

s ‘_.' , observatlons lncluded shear structures sllcken5|des convolute Iammatlons boudlnage ‘;‘ -

[

slump_structul'es and clastlc dlkes ~ '

e

R '.‘ f' % Further strhctural propertles such as debr|s~stratlflcat|on and the relatlonshlp of

. \
o tlllto sorted Iayers wered ume?ted at macro and mlcro scales Conformable

(R
St

) Co

relatlonshlps between stra‘t were deduced from observatlons of\ bed contacts

. .. - R . A B AT EEN . - . . g . e

' 2 5 1 Sedlmentary relatlonsmps deduced rom observatlons of modem glaclers
Studles on modem glacuers provnde mslght mto thelr geomorphnc processes l
addltlon modern glacuers may provude analogues for the processes whlch operated in’ ;

Plelstocene lce sheets In partlcular observatlons o,f structures wuthm glacuers and 9‘*’

sedlmentological lnvestlgatlons m modern glacnal envuronments provude useful o i i

a

comparlsons to Plelstocene deposuts where snmllar structures and sedimentary

~

relatlonshlps may be observed ThlS approach is exempllfled by work on Spltsbergen 4
glacuers (Boultom 1968 1970a,-]970b 1971 19’72) and by studles of the Taylor Glacner
Antarctu::a (Shaw 1977a 1977b) Tsnd lel’G Nouve m Swntzerland (Shaw 1980) and at

analysus of the sedlmentology of the Matanuska GIacuer Alaska Wthh lncluded detalled o

e

structural observatlons of tnll and stratufled matertals o . S

IR Research on modern glacners has enhanced our knowledge of the sedlmentology ’
= - 'v T of tl" and also provudes a better understandmg of strdct’urcal propertles m~glac|al deposﬁs
- Thus structural propertles |n tl“S such as beddlng follatlon faultnng foldlng together w1th
: ; a those propertles assocnated w:th melt out and flow, now may be descrlbed more L .‘ L
BRI : accurately in Plelstocene deposnts It should be noted however .that some propertles
whlcd“may be used to dlstmguvsh one genetlc tlll type from another are not always mutually
exclusuve For example Haldorsen and Shaw ( 1 982) observed certavn propertles of tllls |n
southeast Norway and concluded that it 1 was dlfflcult to dustlngulsh between melt out ' y : , .
o fames and flow fac:es Jti is clear that s:mllar sedlmentary sequences can be produced by y
dlfferent processes and that m the flnal analyS|s a dlscussmn of thelr format:on must : - }



remaln hypothetlcal" ‘ e : e - o S

' The structural pr mpertles and sedlmentary relatlonshlps of tlll and stratlfled

materlals observed wnthm the glacugemc streamlmed landforms in, the Hnnton/Edson arfea "

were gaven partlcular attentlon These may be related to research on streamlmed

Iandforrq,s_ _and stud:es _of t|II where snmllar propertles and relat:onshlps have been reported

elsewhere (Lundqvust 1977 Kruger 1979 Lawson 1979 Shaw 1979 Bouchard 1980)

v

N
- g,

26Fabr|c Analysus R R . ‘, Ll TR "

ln order to determme formatlve processes tlll fabrlcs were measured at selec,ted

' srtes on three glamgen:c streamlmed forms The Iocatlon of fabrlc s:tes was dependent B ‘ '

e on road cuts through the landforms The orrentatlon of the sectlons were parallel or."

| : ,-sllghtly obl:que to the Iong axns of each Iandform Sample sates were controlled by access ’

E _"on the sectlon face and structural propertles ldentlfled wuthln till A stratlfled random
k .sample wh:ch mvolved the Iocatlon of selected S|tes covernng the SeCtJOf'I both Iaterally, and
" : vertlcally, was chosen to provnde maxlmum fabrlc mformatlon for each landform s

At each fabrlc ,,sute the orlentatnon and plunge of the long axes of frfty pebbles
s :

were sampled from a volume of approxlmately O 5 m3 These were. measured elther by a

B .":Brunton Compass or a Sllva Compass and Clunometer Orlentatlon measurements have an.
. festrmathreC|suon of apprdxnmately +3° and dlp measurements have an, estlmated

. precuslon of approxlmately +2° The tlll matrlx was removed untll a clast was located and

L only clasts wnth a mumum 2; 1 a b axral ratlo were used Clasts of gre‘ater than granule

o -?snze were used and prolate clasts were preferred lndnwdual clasts were flrst carefully/

.,.

o : excavated and a pencnl was lnserted parallel to the long axls of the pebble The clast was

bt’then carefully removed and the orlentatlon and dup of the long axns checked The pebble '

'!,was then relnserted and measurement was. taken /n S/tu A ' _

: ';i W Macrofabrlc data are presented m tv’v/o ways flrst by mlrror |rnage clrcular

«"'A-W_i'.hlstograms or Rose dlagrams wnth 10° class mtervals (mean dlp was calculated for each

| '-",'sample) and second by the elgenvector method (Faraand Schuedegger 1963 Mark

f”i'

, 1973) Statustlcal mannpulatlon of the data was done by computer andﬁte fabrlc data are -

[~

S B .presented m the Apbendlx The azsmuth (A) of the prmcnpal elgenvector provndes a

L ffymeaSure of the preferred or entatlon and the normahsed engenvalue S’, provudes the'l s o

NSO
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strength of the preferred orlentatlon The Iargest elgenvector Vl, shows the dlrectloh«of

- willbe used pnmarnly to characternse the macrofabr:c data Selected dlstnbut:ons have .

carrled out at several sutes both to obserVe and dlfferentlate bedforms

~

" and Pettuohn ]977 for a rewew)f_

maxlmum clUsterlng and represents ‘the mean axis whereas the -smallest elgenvector V,, E

- v Tel

lndlcates the dxrectlon of mlmmum clustermg and I|es orthogonal to the best plane through

' the data (uawsonv 1979) Slgnlflcance values, S$,2 5,28 show the degree of clustering

of the axes around the elgenvectors V,, 'V, and V (Lawson, 1979) These values are
computed by dwndlng the eigenvalues by the total number of readlngs Therefore S, .
measures the strength of clustering about the Tean axns whereas SJ |s mversely N |
proportlonal to the strength of the preferred plane of the fabrlc (Law$on 1979)

An estlmate of, the strer\gth of the preferred orlentatlon WhICh is affected by the
dlp dlrectlons of the clast axes, lS gnven by the length R of the three dlmenslonal x

(resultant) vector at the O Ol sngnlflcance level (Watson 1966) The gracﬁent of stralght

Imes radlatmg from the orugln |s glven by K which is related to glrdle or clUster tendencnes

and C is a measure of the strength of the preferred oruentatlon (see Woodcock 1977 for B

I full dlscussmn) These vartables are dlsplayed in Table a. 1, and the values for A S, and R

5 ~

‘been contoured accordmg to the method of. Kamb (1959) ata contour mterval of two o ;

standard devnatlons

e - - - . T . ., . Lo

27 Palaeoc‘h’rrent Analysns T a - _"
*ﬁ' Much llteraturehas been publlsh %

T thls study palaeocurrent analyses were coﬁducted

Quaternary sedlments is that three. dlmensmnal sefct:ons' can be readlly excavated whlch

perm;ts detaxled obServatlons of the geonfetry of the beddmg Thls procedure was

o
JRNEVE

In order to measure the orcentatlon of the froreset beds of both tabular and trough .

cross bedded forms selected exposures were cleaned to reveal a three—dumensuonal

view- of thelr sedlmentary structures The orlentatlon of a partncular foreset bed was then o

"measured wnth a Sllva Compass perpendicular to the stnke of the fo?seset parallél to the

' slt On,e advantage of ‘_,“"; - ’

A
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R Potter and Olson (1&)' 4) state that because varuablhty at an outcrop is usually

&

B greater between than wuthm cross bedded unlts, the. best practlce is to measure one

foreset in each cross-—bedded Iayer Thrs practlce ytelds the best estumate of the foreset

d|p dlrectnon for a glven number of measurements (Potter and Pettuohn 1977) Th:s i
'prot:edure was followed in the fleld and the arlthmetlc mean was calculated fQF each set
: ‘.of observatnons as Potter and Pettu John (1977) propose that this is adequate for most
. outcrops L L oo U ‘

S - TN Coe . ) ) .
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"~ 3. DRUMLINS AND FLUTINGS-GENERAL DISCUSSION

. from short Iow rehef mounds to elongated features many kllometres in length The

3.1 Theories of Drumlin and Fiuting Formation -~ - .. = = - L

M 2

v

311lntroduct|on A. e

Hypotheses to explaln gIacngemc streamllned forms are commonly controvers;al

.:u,,

' Many varled explanatuons have been presented for drumhns and flutlngs ThlS is partly
vbecause they are consplcuous features in many glamated landscapes and also because the
- formatnon of large= scale forms has not been: observed under modern gIacners .

Drumllns, drumhnonds and flutlngs r¥present a gradatuonal sequence of Iandforms .

i

: pr:mary reason for consndermg these streamlmed features together is that a genetuc

: ‘ ',contlnuum may eX|st between drumhns flutlngs and transverse moralnes (cf Lundqwst

C

[\

thought whnch postulated that drumlms were enturely deposntlonal in orugln Other workers

"1969 Sugden and John 1976 Aarlo 1977a andb Shaw 1979 1980)

A .
. \
o - -~ '
N PR
\

31ZDruml|ns. T

The term "drumlm is Gaehc in orlgln and refers to a round or oval shaped hl”

"

Qrumhns dlsplay a wnde varlety of forms and are commonly descrlbed as resembllng an -

i3

mverted spoon or Iemnlscate Ioop (Chorley, 1959). Drdmlnnonds and Blattnlck morames _

\

(Markgren and LaSjlla 1980) are consrdered to be transutlonal forms between transVerse '

-

features such as Rlbbed or Rogen moralnes and classucal” drumllns
Early research workers (Chamberiam 1883 Upham 1892 Falrchlld 1907 1929)

proposed that drumlln formatnon resulted from the presence of cores around whlch '

B sedlments adhered These cores" consnsted of bedrock rogk blocks and: tlll dep05|ts

However although the presence of "cores may be one mnt:atmg factor it does not e‘Srpvla;n

\

those forms in whichr they are absent Bandung of seduments w1th|n drumllns led several

-,

workers to advocate an accretlon process” (Alden 1918; Faxrthld 1929 H|I| 1968)

»

whereby concentrlc Iayers accumulated to form drumhns One'apparent weakness of.the -

acc:retnon hypothesus is that it av0|ds or presupposes an |mt|at|ng pomt (Menzies, 1976)

K

However the agglomeratlon mechamsm Td accretnoq process ||lustrate onie school of

-

@

4



_consndered drumllns as erosional forms (Shaler 1889 Tarr 1894; Gravenor 1953..

ey =

o Shaler’ s (1 889) work i is typlcal of the erosnonal school"’ He proposed that drumlms were’ .
- formed by two glacnatléns durlng the ‘flrst glaaatlon an, |rregular t||l‘5urface was deposnte‘d
and durlng the second gIacuatlon thlS surface was scoured to form drumlms Explanatlons
: mvolvmg two glacual advances are the assumptlon of most eroslonal hypotheses mvolvung

' tlll Tarr (1894) found that rock drumllns and til drumllns were S|mllar in morphology and
‘tconcluded that the same erosuonal process produced the same forms. Although thls
~morpholog|cal mference may not be tenable drumllns composed of bedrock are: clearly A -
. eroswnal forms Thus drumllns have been explalned by theorues Wthh range from

entlrely erosmnal to wholly deposutlonal (Muller 197 10

More recently explanatlons of drumlms have cbncentrated prlmarlly on stress ‘

o condltlons wuth:n ice andmaterlal deformatlort (Smalley and Unwm 1968 Menzles 1979

Boulton 1982l\ These theorles lncorporate emplrlcal and theoretlcal research from
: glacuology w1th lnvestlgatlons of drumllns and provnde a dlfferent approach to drumlm
" »_“genesns They also attempt to comblne both erosxonal and deposltlonal hypotheses mto ah.

o 'mtergrated explanatuon of the. forms '
313Fm-ngs S L

Glacnal flutmgs are elongated streamlmed landfor‘ms They are characterused by
parallel rldges wuth crest llnes Wthh are of snmllar helght throughout the Iength of the
forms Small-*’scale flutmgs have been mvestngated mtensuvely Dyson (1952) worklng in
Glamer Natlonal Park U S, A concluded that flutlngs represent parallel fllllngs in subglac:al
f tunnels Wthh form in the lee of boulders Slmllar cdnclusnons for small- scale flutmgs S
: have been reported by other workers (Hoppe and. Schytt 1953 Boulton 1976a) o
--general these flutmgs are formed by the squeezmg up of deformable subglamal sedlment |
lnto the Iow pressure zone occurrlng in the lee of l'lgld obstacles (Boulton 19763) It lS .
clear however that not all small scale flutes requlre I’Igld obstructlons for thelr

. formatlon McPherson and Gardner (1969) noted that flutes were formed in splaylng TN

Al
L

crevasses created by zones of hlgh and low pressure at the termmus of the
) 'Saskatchewan Glacner Alberta The author has also observed flutlngs formed ina snmllar ‘

. manner_bene_ath the Athabasca Glacner, Alberta RSN i

-
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Large scale qutlngs are varlable in dlmensmns They are generally greater than L

two or three metres in height and several hundred metres in Iength Both erosional and
‘depos;tlonal flutlngs occur Gravenor and Meneley ( 1958) reported eroslonal flutlngs |n )

| 'Precambrlan gnelss and porphyrltlc gramte in northeastern Alberta and Funder (1 978)

- found extensnve bedrock flutmgs in East Greeland In the Northwest Terntornes Bird

(1967) reported extensnve tracts of fluted ground mora«ne WhICh was of deposmonal “

orlgln and Prest et a/ (1968) mapped flutlngs formed by the Laurentnde Ice Sheet Wthh o

.‘they consndered both erosnonal and’ deposmonal . A -

» ;-‘ It is unllkely that Iarge scale flutmgs can form downglamer Gf boulders although

' _ :mechanlsms of fluting formatnon have been presented where tull depos:tlon occurs in'the ‘
flee of Iarge obstructlons (Shaw 1979 Moran et a/ 1980) One ma jor ob Jectlon to the
formatuon of large— scale flutmgs by this mechamsm is. that Iarge extended subglacual

' .‘,cavmes are dlfflcult to envusage ThIS is bécause ice, defOrmlng plestlcally wnIl normally

: ‘close cavities. However thls depends on vanables such as the rate of r\e deformatlon to-

.compensate for low pressures w1th|n cavmes ‘and pressure dlfferentuals (Rothhsberger - .

. f1972 Nye, 1873 - T ¢ T ;'<.fs'~'F

’ . . -

Gravenor and Meneley (1958) postulated that flutmgs were formed by parallel hlgh
- and Iow pressure '20nes alternatlng at the base of a glacuer They proposed that’ matenal

: 'eroded from beneath hlgh pressure zones would be mcorporated and moved down icein

o a curved path towards Iow pressure zones on top of flutlng rldges Therefore ndges %

v

would be formed beneath low pressure zones and troughs b'eneath hlgh pressure zones.
'.Although Gravenor and Meneley‘( 1 958) prov:ded ‘some: general conclus:ons towards the
ongun of" flutmgs they dld not explam why zones of hrgh and, low pressure were formed
; 'In addltvon they d1d not dlscuss the mechamsm of secondary flow which would be '. "

. generated by croﬁss stream and down stream vector components whereby materlal .
would move- obllquely with forward nce movement . o S

B Shaw and Freschauf ( 1973) and Shaw (1975) developed a hypothes:s to explaln
flutlngs in terms of secondary flows By lnvestlgatlng tlll. fabrlcs in flutmgs near '

: --Athabasca Alberta they postulated that a secondary flow mechamsm in- |ce accounted for o
'thelr herrmg-—bone fabrlc pattern Jones (1982) supported thls model based on studles of
‘flutlngs in. “the St Paul area Alberta - R L ' .

. ; . a
. i L * N



In summary theorles regardlng dr~uml|ns and flutlngs have been fully summarlsed by

. Muller (1974) Gullberg (1976) and Menzues (1976) “Formational hypotheses range from .

-erosmnal to t:leposmonal i IS probably too snmpllstlc to restnct hypotheses to either

:erosuonal or deposntlonal explanatlons because for many streamlmed Iandforms these

-

" processes ocecur together (Muller 1974) . e

Two papers are considered fo be partlcularly relevant to the explanatlon of:

drumllns and flutmgs in the Hlnton/Edson area (Shaw 1979 Moran et a/ 1980) Shaw . -

' mvestlgated Rogen morames |n Jamtland Sweden ‘He noted that mdtvndual rldges
' . dlsplayed curved horns pomtung in a dlstal dlrectlon and that transntlons from Rogen
: .morames to drumllns could be*recognlsed Transntlons from Rogen moralnes to drumllns
: ' and flutlngs have been descrlbed |n the llterature also by Hughes (1964) Lundqvnst (1969)
o "Aar‘lo (1977a and b) and Bouchard (1980) Shaw (1879) further descrlbed the .

cbmposmon and structure of Rogen morames and noted that a large proportlon of angular .

"boulders of local or:gln ‘were present w:thm‘these forms He also described the .

A\ and that there was evndence of thrustlng In terms of fabrlc anaysls Shaw commented

B thrustmg and foldung of debns l'lCh lce produced a serles of small basal folds »These =

T wsdespread occurrence of Iayers of sorted matenal in the rldges These Iayers were up ‘ .
. to 10 centlmetres thufek and contalned snlt and sand dlsplaymg graded beds convoluttons
-and mlcro faults‘ In partlcular, he emphasnsed that the sorted Iayers were horlzontal and

_ cross cut tectonlc structures In one rldge lt was observed that the tills- dlsplayed folds

¢

!

-

- that both up glacuer deS and glrdle dastrlbutlons were common i’ Rogen morames and that

"'ttsecondary parallel peaks w:th steep deS also occurred N S ‘Z ‘ "gt,'

ln his mterpretatlon of Rogen nlloralnes (Flgure 3. ‘I) Shaw proposed that |mt|al'_ e

‘

- 'folds in turn became supenmposed over other folds to create a smgle fold complex:f e

' 'LWhlch extended mto "an englamal posmon The result df the englacnal fold complex |s that

N~

it produces relatlvely stagnant debrls—rtch lce whlch is overrldden by clean ice." lce('

: -passung over the englacral rldge |s forced to accelerate causnng extendlng flow ‘Wlth the "

n

S‘onset of deglacuatnon the ice surface thlns and a supraglacnal complex develops over the

‘J".

N _ landform Basal melt out preserves the englacnal rldge complex and produces the
rhorizontal sorted Iayers whlch are |nd|cat|ve of cavntles or Iayers |n the melf' ng ice. As

‘ melt out proceeds the Rogen moralne eventually forms an upstandlng rldge and slumplng

v ) B
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Shaw concluded that. Rogen moralnes are generated |n areas of former

L compressuve flow where stacklng of debrls results |n transverse moralne rldges and that

‘mechanlsm exrsts whereby these features may develop lnto flutmgs if they are oVerrldden

£ the preservatlon of thls type of feature requnres basal melt out frorm stagnant ice.

Although Shaw s study was conflned to Rogen morames he lmplled that a possnble

" by extendlng flow In thls thesus mvestngatnon of part of one flutmg rldge showed

sumllarltles to the Rogen moralnes descrlbed by Shaw and the genesns of flutlngs fl’om

L~Rogen moralnes W|ll be dlscussed Iater

‘.(1980) Thls paper modlfles some of the 1deas presented in an earlrer study (Clayton and

A second paper partlcularly relevant to thls topuc 'was publlshed by Moran et a/

' '.‘Moran 1974) whlch proposed that two ma Jor terrams are formed ator near the base of
: .'.Plelstocene ice sheets in North Amerlca 1) Glamal thrust blocks and 2) Streamlmed terram
3 Moran et a/ proposed that glacral thrust terraln was formed where the glacuer was frozen

to the substrate Thls “frozen-bed zone" is thought to be no more than 2-3 kllometres

. wnde at the margm of the glacver They proposed that in tl'-@ zone, elevated pore—water

: 'pressures decrease the strength qf the substrate relatlve to the. gIacner and thls results in-

SN

.

i thrustmg A sumllar mechanlsm has also been descrlbed by Aber (1982) Moran et a/

"proposed that upglacuer from the frozen-—bed zone IS the "thawed bed’ zone where .‘ ‘

o ,,movement at the' bed occurs by sliding. In this’ zone streamllned terram is consudeqed to

have formed by erosnon of the substrate or by mouldmg of thrust blocks accompanled by

Cotill deposltlon ln the Iee of these glacro—tectomc features R

Both these papers are relevant to drumhn and flutlng formatlon ln Shaw s paper

morphologvcal and sedlmentologlcal observatléns On the other hand Moran et a/ have _:,

- ‘presented a reglonal approach to the understandmg of drumllns and flutmgs Both papers

» taken together suggest that Rogen morames drumlms and flutlngs may be |n|t|ated by

: obstacles to ice flow These obstacles may result from the stackmg and foldmg of debrls '

. (Shaw 1979l or from glacnal thrust blocks Wthh have been lncorporated in the |ce (Moran

et a/ 1980) In Shaw s explanatnon, the stacklng and foldmg of debrus |s related prlmanly

et to flow condltnons whereas Moran et a/ emphasnse the thermal condmons in the ice.

v

Qspec:flc Iandforms have been analysed and lnterpretatlons have been mferred from RO



/ Fabrlc Investigatlons of Drumlms and Flutmgs -

Fabrlc analyses provnde lnformatlon on the® direction of |ce movement pl"InClpa
- . stresses lmparted by ice to debrls and: may help to explann the mode of till deposmon f T
(Menzues 1979). Investlgatlons of drumllns and flutmgs have often anO|V8d fabrrc o '
analyses at varlous levels of sophlstlcatlon (erght 1957 Gravenor and Meneley 1958
Savage 1968 Shaw and Freschauf 1973 Boulton 1976a) erght (1957) working in-
o the Wadena drumlm fl6|d Mlnnesota found that tlll fabrlcs were parallel to drumlln
Iong axes and exhlblted up- |ce plunges He concluded that the till orlglnated from basal o )
ice where upward curvnng debrls bands were present Gravenor and Meneley (1958) ‘
obtalned till fabrlcs from a flutlng fleld near North Battleford Saskatchewan They found
o that parallel patterns occurred near the surface of the flutmgs but at depths greater than
| tw0 metres transverse patterns were present They speculated that the two dlstmct
patterns were related to two" separate ice advances Savage (1968) worklng on a drumlln g
in Syracuse New York demonstrated that t|l| fabrlcs showed a max:mum dlvergence of
90° at the stoss -end. of the drumlln and a s:mllar convergence in the Iee wlth fabrics ' “_ a
nearly parallel to drumlln elongatlon along the flanks of the Iandform He concluded aiat
these patterns mdlcated accretlonal growth by Iodgement on a nUCleus Fabrlc patterns ‘ '.'_ :
whuch are parallel or convergent wnth flutlhg Iong axes have also been reported and ‘ " o
related to movement of materlal by secondary flows towards the centre of flutlng rldges
(Shaw and Freshauif,. 1973 Jones 1982) ‘. L - o G .EQ »
Boulton (1970b 1971 1976) demonstﬁcated that if a tl” lS compressed agamst an :
obstructlon, strong transverse fabrlc patterns 'may be produced In addltlon Boulton v' '
(1970b 197 ‘l) noted that clast orlentatnons Jn basal debrls-rlch ice dlsplayed transverse '
patterns asa result of foldlng and sheanng Boulton (197 1) also showed that fabrlc
patterns parallel to |ce flow are often assocuated wnth parallel -or extendlng flow :
condltlons However these relatu:)nshlps were not observed by Lawson (1979) for the L

.

Matanuska Glamer Alaska. L I C o

; ln thls thesus transverse and parallel fabrlc patterns may: be mterpreted thh

5" respect to zones of compressrve and extendmg flow respectlvely However |n fabrlc o
' “ studles generally, there appears to be a blas whereby clearly transverse or parallel fabrlc

patterns are ofteh mterpreted in terms of: compressnve or extendlng flow In addltlon

-

i . .. e . . e H : R o : oo .
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fabrlcs Wthh show no preferred orlentatlon are sometlmes dnsmlssed as those Wthh .
~have" been dlsturbed durmg or- subsequentto releasefrom |ce“These assumptrons may be—— —
questuonable (cf Lawson 1979) and therefore cautlon is needed in the mterpretatuon of ‘ o

Ny

fabrlc patterns ThlS will be elaborated Iater ) . o E R 4 BT n N
3.2 Drumllns and Flutlngs |n the HmtonIEdson Area
GIacngenlc streamllned landforms are wndespread in the Hmton/Eqson area and

' : some’ general comments aré merlted before dlscussmg the detalled characterlstlcs of

. "'_three drumlnns and flutlngs in Chapter4 R SR L

\ N - ’ . " . .. .
\ . o v - . *

: 4:‘321D|str|but|on, Onentatlon and Composmon R TP R o

4

_ Streamllned landforms are welI developed on the North Athabasca Tableland S
South Athabasca Tableland and Pemblna Mcleod Benchland (Flgure 1. 3) Three Provmclal
' . air photo mosalcs (83F/5 6 and l 1 at 1 63 360 ), clearly dlsplay the general morphology
and orlentatlon of drumllns and flutungs Generally, the streamhned forms raduate from ' v
Entrance to Marlboro in an arc of 80° (Flgure 1.5 anci 1. 6) Wlthln this arc, two domlnant :‘_ . :
: trends emerge One set\o\f streamllned landforms is. orlented northeast southwest o '
parallel to the Athabasca valley between Entrance and Obed wheréas the other set is”
"orlented west northwest—east southeast between Hlnton and Robb (Flgure 1.5 and 1. 6)

_Fneldwork for thus study was conducted on a selectnon of forms on the north S|de of the

L 'Athabasca Rlver between Entrance and Apetown Creek (Figure 1. 2), where the streamlmed

. 'yforms are onented generally northeast—southwest Between\Apetown Creek and Oldman 2
Creek only flutmgs are present They are orlentated north northeast—south southwest and
~ are masked by a\veneer of glacnolacustrme sednment Oldman Creek marks the northeast
‘_ boundary for streamllned forms to the north and west of the Athabasca Rlver o ‘
Streamllned landforms are extenswe to the south of the Athabasca Rlve‘r on the
| _Athabasca Benchland South Athabasca Tableland and Pemblna—Mcleod Benchland lFlgure S
*‘.1 5 and 1.6). Roed (1975) reported that in thls area the easterly and southeasterly
- k trendmg drumllns and flutlngs in the Marlboro t|ll have been truncated by northeasterly
'trendlng,forms in the Obed till. Truncatson of the two sets of streamlmed landforms is” |

’:clearly dnsplayed near the ;unctlon of the Athabasca Benchland and South Athabasca
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’ Tableland as far west as Jasper Park boundary and as far east as Obed Roed (1 975) used

e

—thls relatlonshlp as- evudence for two Cordllleran |ce advances but- he did-not- explam how

ot Q‘ .

the drumlms and flutlngs w‘\}é‘formed S R o L v e

On the South Athabasca Tableland streamllned forms are generally orlented ¥

g west ~gast wheréas they are allgned southeast-—northwest on the Pemblna Mcleod

-

Berlchland Beyond thls the drumtin and flutlng fneld extends in a southeast dlrect;on along

'the Foothllls to Rocky Mountaln House It has been proposed that these streamllned
‘, Iandforms developed m the former zohe: of convergence between Cordllleran and

- Laurentlde |ce sheets (Roed 1968; 1975 Shaw 1975) To the east of Obed streamlined

forms are orlentated west east and termlnate in the wcumty of Sundance Creek (Flgure ‘

: deltalc depos:ts and glacnolacustrme sedlments

- 3.2 2 Drumlm and Flutmg Morphology

<

1.5). These Iandforms are found mterspersed w:th hummocky moraine, pltted outwash

i

Morphologlcal generallsatlons are dlff‘l as‘the landforms are highly variable Jn

- snze -and shape in the HlntonJEdson area However drumlms are seldom more than 500

- metres in width, 900 metres |n Iength and 20 metres in henght Flutlngs range from

| 25—200 ‘metres in wndth upto 15 metres in helght and are: less than 2 5 k:lometres in-

. length Flutmgs are more extenswe than dru%ﬂDrumlms are mostly elongated forms

‘and are fluted on thelr dnstal sides. Transutlons to utlngs and con jugate fonns are '

common Although classucal" drumlms wnth a Iemmscate Ioop plan are rare, there are two
5 _

- zones where the forms closel’y approxlmate thlS shape These are Iocated m the
- sc}uthwest quarter of Townshlp 52, Range 24 and in-the southern half of Townshlp 5 1,'
Range 22 (Flgure 1 6) The former area mcludes Drumlm 1 whlch will be d|scussed in-

detalllater ' -' o e K : ; '. :

Transverse elements, that is. streamhned Iandforms Wthh were developed K

" -perpendlcular to ice flow are rare and Rogen or Rlbbed morames appear to be absent

However drumhnonds and forms resembllng Blattnnck morames are common on the

Pembma—Mcleod Benchland (Flgure 1.3).

\ ) s, L. o NS .
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3.2.3 Drumilin and Flutmg Compos:tion

The- composmon of- drumlms and flutlngs is-highly- variablem the- fleld area:
. Landforms were found to be composed of ttll stratufled sand with a till veneer and till w:th

stratified materlals The specnflc composmon of selected drumhns and flutlngs wlll be

. .-dealt w:th in Chapter 4 However one set of flutlngs is worthy of note. Inthe vncmlty of

.Quugley Creek (Flgure 1. 2) several. flutlngs were examlned Sectlons through these forms
" revealed a composltuon of sandstone bedrock mantled by. till less than two metres thlok
The till contams sandstone boulders and rounded Iumestone and quartzlteclasts; Loess
was also observed in the matrix. Estlmates were made of the flutlng dlmensmns The
forms are 20-25 metres in wndth 7- 10 metres in helght and 2 mmlmum of 100 metres mT
“length. They appear to be assocnated wnth topographlc convexltles |n the landscape .

Further research is suggested here as the oc_currence of bedroc’k _-flutes.us not wudely

reported in Alberta.
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. ‘lntroductlon B \

' o ""E)bservatlons of the mternal and external characterlstlcs of one drumlln and two flutungs S
: »Wlﬁ be used to mfer theoretlcal condmons of glamer flow thermal regnme debrus i
transport, and patterns of glacual decay o - f' L e

: The procedure WhICh w1ll be used to descrlbe each Iandform |s as follows flrst

' _ morphologlcal and sedlmentologlcal observatlons wull be presented followed by thelr .

e

o S
postulated Because lnterpretatlons of landform genesrs mvolve syntheses from the L

r% mterpretatlon Second fabrlc data wnll be evaluated and thlrd Iandform genesns wull be R

pre\nous sectaons |t |s mevutable that there wull be some overlap of data However the aim. .

of each sectlon on Iandform genesus is to outllne a probable sequence of events Ieadlng to‘ ' :

- the formatlon of eaqh glac;gemc streamlmed form ' _ J .
lt should be noted that as far as possnble observatlons and mterpretatlons wull be -
dealt wuth separately For thls reason the non genetlc term "dlamlcton Wl|| be usefor
observatlons whereas the term "tl"" ‘vwll be reserved for mterpretatlons Flgures ” _ ‘
dlsplaymg the morpnology and sedlmentology for each landform are presented as e

observatlons and lnterpreted ln the text

. _“

41 2 Morphologlcal and Sedlmentologlcal Observatlons o -

the Athabasca Rtver valley at an elevatlon of 1050 metres (Flgure 1 2) The drumlm lS
sltuated beneath the uppermost break of slope leadmg to the North Athabasca Tableland
(Flgures 1 2 and l 3) Other features of sumllar suze occur m the xmmedlate area (Flgure S
B _ ‘ ln plan the Iandform appears to be part of a composnte set of two or possnbly |
three ndges Wthh are superlmposed on each other (Flgure 4 2) Thls results in’ a

three—pronged appearance to the northeast or dlstal part of the form and a sungle taper.ed." -

- The fzrst streamlmedlform to be dlscussed lS a drumlln located on the north snde of, : ‘:



1 general location: of sectlon and

anure 4 1 Druml
LA photo P

g2 ‘Fiﬁ'ura 4. 2 Drumhn 1 detanled locmon of sectson ol
S Alr photo (Provaial 1968) A.S 1018-9 10 Scale

<,

ovincial, 1964/65) AS.853-46. sdane__.1.31,sso.-
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end to the proxnmal or southwest margln of the drumlin.” The long axis o*f the central rldge )

(axrs 2) is, ca 1 100 metres in. length and is .orientated 058° 232° ‘The long axls of the S
northerly fork (axis 1) is ca. 201 metres in Iength and oruentated 042°- 222°~ The long axns' '

of the southerly fork (axns 3) is ca. 804 metres |n length and orientated 060° 240° (Flgure
‘
"4, 4) A road cuttlng bearlng 050“—230° perrmts observatlon of. the.composltlon s};ucture

, l and fabrlc of the drumhn sedlments The relatlonshlp of th|s sectlon to the landfbrm is
|Ilustrated in Figures 4.2 and 4. a: : AR R \
MO ‘The road cut lS 184 metres long and is 19 metres hlgh in the centre (Flgure 4, 4)

T . ) :
The maxnmum rellef of the drumlin is estimated to be 25 metres Two promlnent rlses

A

occur at the top of the' exposure one towards the southwest and the other in the central '

part They are separated by a two metre depressnon (Flgure 4 4) Slopes of l3° and of 8°

were recorded at the southwest and northeast end respectlvely ' o . -
The sectnon displays a complex composmon texture and structure Three ] "

dlamlcton unlts were identified, a lower dlamlcton a mnddle dlamlcton and an upper o

o ,dlamlcton LA

[ES .

The lower dlamncton is exposed at the base of the sectlon Although the Iower
dn@gnlcton i3 not laterally pers:stent it is, observable for approxlmately two—thlrds of the o
exposure The dlamlcton conslsts of loosely compacted snlty sand wuth dlspersed

-boulders cobbles and pebble snzed clasts “The, pruncapal llthologles of the boulder 5|zed

-

. clasts are ferrlc arkose sandstone orthoquartzute sandstone mass:ve Ilmestone .and some" '

| mmor amounts of shale Thls nndlcates a Iocal source.area for the sandstones (posS|ble ”
Paskapoo formatlon) whereas the. crystalhne llthologles have Sbeen dertved from the Rocky' o
Mountalns around Jasper and mclude Gog Quartzntes Most of these clasts are subangular .

Cobbles and pebble s:zed clasts exhlblt snmllar Iuthologles but also lnclude conglomerates :

‘ mudstones cherts and chalcedony The shape of these clasts varles from angular to T

e subrounded the latter predomlnatmg b

-

4

_ UInthe centre of the sectlon extensuve stratlfled sand and gravel lenses separate
the lower dnamucton and the mlddle dlamlcton lFlgure 44) These stnatufned sedlments w1l|
be dlscussed in detanl later. The mlddle dlamlcton occuples ama jor part of the sectlon

the central part of the sectlon |t extends from approx:mately 6 metres to. 15 metres The '

unlt overhes the Iower dlamlcton ina broadly convex manner and maximum dlps of these

T .
S Loa '.“
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' lments occur towards the northeast and southwest ends where respectlve dips of 10°

‘ and 25° are recorded ”f ) . / t, P T -

The middle diamicton has a sandy snlty mat IX/WIth a hlgher pebble content than the

‘lower dlamlcton The dominant clasts are llmestones orthoquartzne sandstones and ferric.

arkose sandstones. Chert and chalcedony are found in mlnor quantltles and mudstones

and claystones are mfrequent Clasts are rounded to subrounded faceted and strlated

'The diamicton umt is loosely compacted Three relatlvely contlnuous clayey bands are .

' land are confined to the upper layers of the muddle dlamlcton (Flgure 4. 4) ' gl

found within the middle diamicton (Figure 4.4). Small discrete blocksuof medium to fine

sands are also found in association with these clayey bands. These sediments are
discussed below. b - \

At the top of the mlddle dlamucton near: its contact W|th the upper diamicton, are

l

- duscontunuous horlzontal lenses of lamlnated sand Such lenses have a limited d:strxbutnon

¥
v
4

The upper dlamlcton is 2 metres thlck (Fugure 4.4). The dlamucton is highly T

calcareous and dlsplays microcolumnar joints wnth calcite crystals along the joint planes

E The matrix |s agrey to grey-brown (10 YR 7/3) moderately compacted sandy loam Clasts

'of coarse pebble size are frequent The degree of roundlng is highly varlable ranging

- from suﬁangular to well rounded clasts -The pebbles are mannly of Ilmestone and quartznte

“The clasts are faceted but less frequently strlat'ed than those in the underlylng units. ‘A

: gravel fill occurs at the northeastern end of the exposure within thls unit (Flgure 4, 4)

'Overlylng the upper dlamncton isa dlscontlnuous band.of fine sand and silt with a mammum '

‘thlckness of 30 centlmetres Most of the grains-are c%ted wuth lron “and alummlum oxnde S

glvmg the entlre unit a pale reddlsh brown colour (10 YR GFS?'
The stratufued compongnts may be dlwded into four groups sand ienses, sand and

_gravel | Ienses cla\7ey bands and a gravel fill 'Each of these will be dlscussed in turn

” -
- . « ~
t . . v - . . A

'4.1.2.1 Sand Ienses B _ ‘ X
Sandler: «. =2 commonly found in assoclation with both the Iol/ver'
' ) dlamlcton & dtr. micdle diamigton. An extensuve stratified sand lens is located
‘between 4 and 5 meres above the base of the section and between 56 metres and
' 63 meftres from the southwest. end (Figure 4 5) Excavatlon of the sand lens .
exposed both lts upper and lateral contacts ‘with the mlddle diamicton but a lower.

" ‘ . . o
W .

¥4
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e

Figure 4.5 General view of stratified sand lens and contact with middle diamicton. Dashed -
line marks contact Position of section is at 60 metres from southwest end, (see’ -~
Figure 4.4). S , L e

i
4
g

Figure 4.6 Close-up of stratified sand lens. Note overturned cross-beds marked by coal .
" _stringers, convolutions in fine sand and pockets of granules. - Contact with middle -~
. diamicton at the top of the photograph. = K S L



°

contact at the base of the sand lens could not be found’ (Figure 4 5)

Mlcro scale observatlons reveal that thls sand lens contalns a dwersnty of

-v'sedlmentary and deformatlon structures The sand grams are well rounded and the

: deposlt is well sorted SmaII pockets of granule gravel are dlspersed through the :

.,,.lens but thelr occurrence is rare Cross—beddlng and ripple cross lammatlons are -

developed in the medlum gramed sand whereas the fme sand fractlon generally

- dlsplays-herrzcntal lammatnons Overturned cross= beddlng is marked by coal

’ strlngers whlch mtermlttently define the Iammatlons (Flgure 4, 6).

Load and injection structures are common in the flne sand and Sl|t (Flgure 4, 6)

These structures penetrate both horlzontally and vertlcally mto the mednum coarse

, and In some places convolutnons occur w:thln the |nject|on structures Tectomc .
'-"structures wuthln thns sand Iens mcludes small scale reverse and normal faults wnth :

o throws of 2 to 5 centlmetres (Flgure 4 7 and 4 8) Iti i lmportant to note that faultmg‘-

is conflned to the sand lens and in no‘ place extends into the overlylng or lateral

dlamncton (Flgure 4:7 and 4.8). The upper contact wuth the overlymg dlamlcton is well 3.

» defmed There is no evudence of shearlng on the upper surfaces of the sand lens.

The relatlonshlp of the Iarge angular clasts in the overlymg dnamlcton to the ™

upper contact of the sand demonstrates dlfferentlal Ioadmg by the dlamlcton On‘e |

example of thls is lllustrated by Flgure 47 and 4.8. These photographs show the

- deformatlon of flne sand and sllt caused by a clast in the overlylng dlamlcton In thls .

‘case a Iarge shattered angular claystone has penetrated mto the sand Iens and mmor .

.Iayers isin the order of 5] centlmetres

-

8 contorted beddmg us VlSlble in the underlymg sands and snlts (anure 4. 8) A small . ,‘ .
e _"amount of dlaplrlsm IS also observable Beneath this clast a serles of parallel normal
. faults occur The fault planes have hades of 50°—70° to the southwest The: vertlcal

- dlsplacement of the beds, WhICh consnst of flne sand mterbedded with small coal

_ Wl
0

4

Thm honzontal Ienses of Iammated sand are. Iocated in the upper part of the B

o mlddle dlamlcton (Flgure 4 4) These are varlable m lateral extent and thlckness but*

' generally they are ca. O 5 metres ln length and 0. 3 metres m thlckness The sand is

v

o medlum flne to medlurn grade and dlsplays horlzontal bedding and small scale trough N

‘cross lammatlon
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Clast Penetration -

Stratified Sand Lens |

s

\

anure 4 7 Contact of middle dlamucton W|th stratlfned sand lens. 'Note clast penetratnon of
middle diamicton into underlying sand. ‘Normal faults marked by coal lamunatnons
Posmon of sectlon at 63 matres from southwest ‘end (see Fsgure 4. 4) s

L.

Fogure 4. 8 Close—up of clast penetratuon Note presence of Ioadlng structures in sand . -
- dxrectly beneath clast margm o e o



' Middle'Diarﬁf&ton' R

-Gravel Lens
Y .

Stratified Sand

' LéW‘ér Diar'ﬁi.c':'ton. - —
thure 4, 9 Sectlon through stratuf;ed sand and gravel lens Both lower diamicton (bottom '
~ of tape measure) and middle diamicton (top of ‘tape measure)are dnsplayed Posmon
of sectlon 83 metres frorn southwest end (see anure 4.4). - - . .

Fugure 4 10 Close—up of sal}d and gravel lens Note sortmg and crude cross-—beddmg in
gravel X L v N _

; SR
r— -
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4 1. 22 Sand and gravel lenses ' S . .

Approx:mately 5’metres above the base" of the~ sectlon“and 63 metres from "‘4—;
its southwestend there |s a large sand and gravel lens’ (Flgure 4‘9) Both overlylng
and underlylng dlamlctons contact the lens which is approxnmately 1 metre thlck |
The Iens plnches out gradually some 1 O metres to the northeast whereas to the ' .' ‘o
southwest it may be cont;nuous W|th the stratlfled sand lens descrlbed earller The
® ~ sand and gravel lens has a horlzontal contact wuth the Iower dlamlcton where itis
characterlsed by medlum cross bedded sand wnth small pockets of coarse sand o
dlsplaymg mmor folds In turn this is overlam by a sequence of moderately sorted .
' subrounded flne and medlum pebble gravel lFlgure 4, 10) Foreset beds dlpplng at
1°— 1 5° were recorded and \cross sets gave palaeocurrent estlmates of 185° B
Dlscrete lenses of stratlfled f ine to’ medlum sand wnth a maxumum thlckness of 10 "
o centlmetres occur aboveé the Lross bedded gravel (Flgure 4, 10) A ‘

i

4 1. 2 3 Clayey bands » '
| At the southwestern end of the feature three ma;or clayey bands are ‘ " ' o N
prommently dlsplayed (Flgure 4 1 l) These bands are 2 to 1 l centlmetres thlck and o
have dvps of 15“-25° to the J_southwest Dlps decrease to the northeast of the SR . !
exposure The bands were traced laterally along the sectuon and contmue above the S
extenswe sand and gravel lenses in the mlddle dlamlcton However they do not ‘ ‘
extend lnto the upper dlamlcton "The' clay is: grey (2. 5 Y 4/2) and dlsplays accordant
lamlnatlons Wlthln these clayey bands coarse pebbles are orlented parallel to the o
dlp of the beds Augen structures are dlscernable around many of these pebbles and
the lamlnatlons present ln the clay, are rarely truncated by the clasts lmmedlately '
beneath the clayey bands mlnor sortmg has’ occurred The ma jOl‘ axes of Iarger o
clastsaw1th|n the upper 4 6 centlmetres of the underlymg dlamlcton generally Ile
parallel to the clayey bands in places the bands blfurcate around small pockets of
- stratlfled sand and gravel and small blocks of structureless sand respectlvely (Flgure
\—— 4 12 and 4 13) These blocks of sand are less than 2 metres tthk and of s:mnlar T 4;
, ndth They are composed of weII sorted hlghly compacted sand w;th well rounded

. gralns and stratuflcatlon is generally absent (Flgure 4. 13) S f S R L
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Middlé Diamiétop' '

- Stratified Clayey Bands

e '» Middle Di

arhicton

-

- em e T - -

o ‘Figur'e.4.1 1 ‘E_'xpc”::su‘r:e at distal southwest end of drumfin displaying stratified cléyey bands, -
' - (photograph with explanatory diagram). Note bifurcation of clayey band (b). . Section
located between 17-28 metres (see-Figure 44), . - - - e e

“
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R Diamict
- .~ Middie Diamicton lamic on‘

Gravel Lans

‘,Dnamlcton ~

~ Diamicton

F;gure 4 12 Relatnonshnp between clayey bands and blocks of sructureless sand general
view. (photograph wnth explanatory dtagram) : -

L
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. Sand Lens’

P /'i -
Ny
Clayey Band
- . \

Flgure 4 13 Relatlonshnp between clayey bands and bloeks of structureless sand
e Close-up of selected area indicated on explanatory dlagram lFlgure 4.12)."
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= Figure 4.15 Supraglacial complex: channiel fill sediments. .. .- -
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. . . . AT . a
: ln the upper dlamlcton 50 metres from the northeastern end of the drumlln, R

:-'-if*_fstretngraphy Both the Iower ‘and:tt

o "descnpt:ons of the Kallx tvll (Lundqvustr1969) and the Sveg tlll (Shaw

N iy
e '.jthere is.a trough contammg a. hugh concer;tratlon of rounded llmestone and quartzute ‘

,’pebbles in a trough (Flgure-4 14 and 4 15) The clasts are well rounded to rounded S

- | g v'moderately sorted and clast supported and the mathx is medlum sand No structures .

K

v.-could be observed in the sand or gravel Fme sand and s1lt lnterpreted as Ioess R o
‘ e _'_"'covers the depos:t | e e ' ' B \¥ '
‘? N

4 1 3 Dlscussmn and Interpretatlon

The stratlgraphy of the sectlon dlsplays a Iower dlamlcton overlaln in the centre of

the form by Ienses of stratlfled sand and gravel Thls m turn is- overlam by a mldale

dlamlcton contalnlng stratn"led clayey bands In the upper zone of the mlddle dlamlcton

Lol f
O

Po:nt_ to be consndered |n the explanatlon of the drumlln are EEEER

. 1) The large angular sandstone clasts wnthln the lower dlamlcton
2) The presence of lenses of stratufled sand and gravel R ‘, n o L
;§) The contacts of the stratlfned materlals w:th the surroundlng dlamlctons :
e T stratlfled clayey bands S o S N o

‘, -:_5) The'small blocks of structureless sand found in assoc:atlon thh the clayey bands
6l The fabrlc Wlthln the drumlm o . - el T L
7)The morphology oftheform . o v o e

T2

: ,8) The occurrence of a,number of other drumllns w:th snmllar orlentatlon in the area

Three d:amlctons are exposed m the drumhrl and these are mtegreted as, tulls The

"'_tllls are proposed on the ba$l$ of texture' llthology, stratlfued mater;al structure and.

e mlddle t|l| are sumllar in compo.;;mon and degree of

S "compactlbn There are, however s:gnlflcant dlffere¥es between the lower and mlddle -

' '.l:tl"S in terms of clast SIZB clast concentratlon strat|f|ed matenals structural relatlonshlps v w

. and stratlgraphlc posltlon Many propertles of the Iower and mnddle tlll are S|mllar to

?79) as Ienses and ", L

. ELY [ “
oot ’f' - L e S e R ' oY v’ -
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Iayers of stratlfled sorted sedlments are wmmon o , /"'

T he Iower tillhas a silty: sandy matrlx and is thought to representa melt “out deposut

v on the basls of its’ assomahon wnth extens:ve stratlfled sorted Ienses The presence of, ‘},
. large angular sandstone boulders srmllar to the surr0undlng bedrock of the?.area sugges’éf's
L | that these large clasts have been Iocally d'erlved Thenr conflnement to the base of the . ‘:' ,
T sectlon lends support to the mterpretatltm of basal transport by i lce The absence of T n

_ strlae on the Sandstone boulders also suggests mlnlmal transport However it has been

pomted out that relatlvely soﬁ rocks do not always retaln or, permlt the formatuon of strlae ‘
Q

o (Drake 1971) anally because the pebble SIzed clasts of the Iower tlll are commonly R

S\ 'i," ' faceted ahd sometlmes shattered a basal enwronment of deposmon appears likely. - - ’,‘,._ ‘

- Golqthwaltl197l) concentrated o‘n the problem of genetlcally classnfymg till in terms of ""
e iy -
clast characterlstlcs and concluded that the preserv-e or absence of strlae and shattered

0

L pebbles oannot be used strlctly to. determlne subglacial, englacnal or supraglacual deposmon

FAN-S

L because many clasts may be basally abraded and transportéd to an englaclal or.»saupraglaclal »

| ‘_ posntlon However the locag,provenance of the sandstone blocks does precludé Iong

i dlstance transport thereby supportlng the mterpretatuon of basal transport ‘and deposmon .
The presence of extenswe Ienses of statlfled sand and gravel found between the *’”’-‘

. lower,and mlddle tllls lndlcateeﬁthwaﬂt\ 'eh)glamal fluwal conduuts developed dtfrmg melt; out : ™
B Lenses of stratufled materrals deposnted by englacnal }g\bltwater have been reported lnft l .

deposuts (Lundqvust 1,977 Shaw 1977b 1982; Bouc'hard 1980) but thelr presence IR

TR
S wuthln drumhns and flutlngs (as mdxcators of melt out) is Iess wudely known Most'

s

AT
>

L * Wthh have been transported‘and redeposnted by glacner actuv:ty (Glllbe "

.,{: '$§979) The slgmflcance of the stratlfled Ienses m thls case is cruc:al as |t md»cates that ’ | e

.druml;n formatlon has also mvolved melt out from stagnant |ce Aﬂ"‘f _.~‘ : 't_ : e

ve axtrlbuted thgt formatlon of

Uty

certam fsker systems to deposntnon of stratlfled materlals in englacnal condults AIthough : __,". ;

esker .sfystems provnde ewdence of’ snzeable englamal tunnels the presence of small

'.' ~ Baner yee and McDonaId (1973) and Pruce (197§)ha

(

c,onduuts&wrthm the nce is also well known b S o 5 o d
A . N {\ﬂ v\-: '3'_ ‘ . , ‘ Lt ) o«
Py e P - ) '



Flgure 4.16The' probable sequence of events whereby an englacual stream deposnt (1) can .

.

be lowered on to the subglacial floor.” The glaciofluvial deposits protect.the ice
-beneath from wasting as rapidly as clean ice either side. The result is an esker
lowered from an englacial position (after Price, 1973).. If debris-rich ice is present
_-surrounding the fglacial conduit (2), then the channel sediments may be lowered, -

“ without disturbance during'melt out. This explanation is proposed for the ongm Sf &
thea@(tens:ve smpfued lenses |n the central part of Drumi‘n (SB&FIQ@\B 4 4)




Prnce (1973) outllned a sequence of events whereby an englacnal stream deposnt

————canbe- lowered onto the- subglacral floor- (Flgure~ —16)~-ln this-case-the- esker system
o3
-resuits from slumpmg and collapse involving the wastlng of anice core Itis to be noted £ aﬂ#

tr¥t this process. mvolves the preser.~e - “lean ice on elther sude of the’ englacral tunnel- \

If, however, an englacnal cavity is surrounded by debrls rich ice, and meltmg procé @?.t

= with a'basal melt out mechanlsm predomlnatmg (Shaw 1979), cavrtles f|lled with stratifued--l '
/

materlals would be preserved by the surroundmg englacnal debrls rather than collapsmg to

form esker rldges as shown (Prlce 19737 "1‘7'""("": _— .j‘ . Nt e

The above mechamsm is proposed as an explanatlon for the extensive strat}lfred o -
v.lenses occupylng the central part of the drumlln The sedlmentary structures, faults and
contacts with the dlamlcton may be explalned in terms of deposntlon in englacnal cav1t|es _ .
Var:ablllty in hydrologlc condltnons flow direction and rates of depoSItlon is to be LS‘; a
expected in an englamal@stem Such conditions would be affected by the flow of water\
L generatmg fchtlonal heat (Paterson 1881, P 138) Cavern collapse and the dlStl’lbUtlon of )
le,e blocks may severely affect the magmtude and dlrectnon of flow and explaln varnablllty

®

in sedlmentary structure Seasonal and weather mduced varlablllty in dlscharge may also \ .
‘be sngmflcant Shaw (1982 Figure 18) showed a photograph of englacually deposnted
| L stratlfled sedlments at Omnsbreen Norway In certaln loqﬁ?ns the upper bed of ice rests | .‘ N
' dlrectly on cross;bedded gravel and therefore- Shaw concluded that at- the tum@of gravel
deposgtlon a water occumed cav:ty must have separated the uce"rot)f-frdgt‘hehedlment
: bed Subsequently the |ce settled on the. sedlment §ur;face Thl&quence observed in -
3 t.he glamer aimnesbreen is. consudered to be a reasonable analogue for the stratlfled

- sedlments obiserved'in the drumlln under consuderatlbn here s ,‘?‘;.‘ _

ETA v~‘

supports a proCes;s of gentle settllng and draplng rather than shearlng -The absence of
’ "sllckensldes along the contact also does not support shearlng Support for a settlmg and L

‘,u?"~ 'drapmg mechanxsm on th other hand, |s presented by the compactlon of the stratlfled

_r »"‘ R

o sedlments below the contact wnth the overlymg tlll clast penetratlon of. the til |nto the

l
underlymg sand and silt, together wnth minor. amounts of' dlaplrusm Load and in jectlon
- , W, %, .
structures in the flne saﬁq and srlt are also caused by such lovverlng of tlll ln addltlon load
o :

3 .
deformgglon and dewatel'lng occurred by the release of the mlddle t|ll unlt over the

. IR EN . . ..
A . . . . N

S S . "'.fﬁl_' IR = L ks

R
tu. L ;
A . Rl

The contacts between the extensuve sand ‘and gravel lenses and the overlylng t|ll o : \ - '



stratlfled lenses T » . o - .
s ‘ - : ‘
The- presence -of- collapse structures as- well as- normal and reverse-faults that are-

undermeltmg becomes |mportant s ""‘, o R ,:.\"”,‘.

solely conflned to the stratified lenses, suggests that flnal release was partly due to the-

_ melt out of small ice blocks below the sand (Shaw 1971 McDonald and Schllts 1975)

/ Thls may have occurred before the overlylng debrls rich ice melted otherwise faultmg

would be expected to extend into the overlymg dlamlcton Therefore the role of

- ’
LN

In summary the Iower till is mt*erpreted asa basal melt out deposut from stagnant

>

|ce The hlgh content of bedrock boulders Wthh have been locally derlved posslbly

the lower tl|| The upper zone of the mlddle tlll contams a serles of. stratlfled clayey bands

: mterbedded wuth till, Smallblocks of structureless sand are found in assomatlon with

@ a

these clayey bands The mlddle tillis lnterpreted as debrus whlch w@-genved from an
englac:al pOS|t|on Melt out of the till overlymg the stratlfned lenses lswested by |ts _
- structural and tectonic relatlonshlp W|th the underlymg stratlfled sedlments The « ongln of
the stratlfled clayey bands Wlthln the drumlm is problematlc There are at Ieast four o

pOSSlbllltleS for their orlgln 1) subglaclally derlved bodles of sed'lment mcorporated into

" .an englaczal posmon 2) sedlments assocxated wuth shear planes 3) subducted supraglacual

sediments: 4) melt out. phenomena ik& " )
_ ' The descrlptlon of englacnal debrls bands presented by‘éoulton (1970a) from
modern polar glacners of Svalbard is consndered to be slmllar to the stratlfled clayey
bands reported here He descrlbed englacual bands of stratlfled debrls as composed of
snlt sand or gravel w:th lp.w lnterstmal ice content In some cases these bands were

stratnfsed and folded and Boulton postulated that th? bands”Were orlglnally subglamal ar/d

. transported mto the |ce by regelatlon Boulton (1970a) consndered a number of = W |

j M )\_‘
mechanlsms lnvolvmg thrustlng and basal freezmg tQ explaln the mcorporatlon of englac:al

P

debrls bands H|s work is based _ln part on-theories proposed by Goldthwalt (195 1) and

"~ Weertman (196 1) He commented that |t was dlfflCU|t to reconcule the occurrence of

o




[
\

| undlsturbed bedded sedlments along debrls bands, Wthh are stratlfled and possess Iow
—— ————— lnterstmal ICG content—Wlth a thrustmg mechanlsm~Jhus the bands.were better explamed
| by a basal freezung mechamsm mvolvung transport to an englacnal posntlon

 The absence of shckensudes mlnor‘amounts of sortmg and the relatlv‘ely
' contmuous nature of the clayey bands in the drurﬁlln does not favour an mterpretatlon

: lnvolvmg thrustlng The general ‘absence of fractured and shattered clasts within the

' clayey bands may also be taken as evndence agalnst this mechanlsm “Itis postulated here

‘that the stratufled clayey layers represent:g@gsmrom proglacual ponds WhICh were

. frozen overrldden and lncorporated as block mclusnons by thrustlng (Moran et a/ 19}80)_ ‘

N

or regelatuon (Weertman 1961 Boulton 1970a). _ S -": oo
v The small. blocks of structureless,, sand found in. assomatuon wuth the clayey bands
. are evndence of ice frozeh materlal (Shaw, personal commumcatlon) Slmllar blocks of
sand have been reported in drumllns by Gnllberg (1976 and attrlbuted to transport in a
frozen state. .If this sand was developed in SItU durlng melt out then obwous sedlmentary

structures would be expected However sucl‘l structures are absent_ Because these

clasts are sqtlmately related to the stratlfled clayey/Aands and sometlmes enveloped by

- them, it appears that at some stage the assocnated bands were also frozen and quute L

probably derlved at the base prnor to belng carrled into an englacual posntuon by thru.sﬁ'hg

» warm-based Matanuska Glacner Alaska ThIS is perhaps a more reallstlc analogue for: the
la'te Wlsconsm Athabasca Glacner than- those from Svalbard |n a marltlme hlgh arctlc '

semng These deprls bands have been attrlbuted to the mcorporatlon and subductlon of
N s%praglaclal debrls Lawson (1379 p 19) suggested that the "layered" dlstrlbutlon texture

-, S
g v

l;
"and sort«ng qf the. bands was compatlble wnth an aeollan orlgln ln the drumlm the
fo 1«;};- o

; of "frozerf“sands as clasts wnth the stratified c1ayey bands presumably
. 1.

v T

,ﬂ.

;* i wl’llé:lé étraﬂged debms ban%s. grvere common },These beds formed of clayey snlts were

preservedby melt out wuthln tﬁe till a}th;qugh thelr orlgm was not"clear

‘A‘!‘f

It. may be posssble to pr;op@“d stratlfled clayey bands solely through melt out of

a-'...{,. altgrnatfng Iayers of debrls—rlch and debrls—poor lce Thls would lnvolve mlgratlon and -

R

!

¢ .~'

washlng oéfmes from overlymg debrls |nto layers of mettung clean ice.. Such a

Y

Loea -'3;‘, *

precludes an aeollan\k‘i ' 'Lawson ( 1979 P 37) further descrlbes melt out’ dGPOSItS in .
A

© 160
R

£ N

Lawson (1979) has also observed numerous englacual debrls bands on the S



F - 1

, mechamsm has not been descrlbed in the Ilterature for stratlfled clayey bands although _ "l%'

<

____.S.h}iw (1979). has postulated a sxmllar processufor str:atlfled,_sorted Ienses of_sand and_ .
iy gravel ln the' Sveg tills of Sweden This mechanlsm may be possnble but is thought unllkely '

, for an explan on of the clayey bands here

ratlgraphlc relatlonshlp of the: mlddle t|ll to the surroundung umts requnres

further exp natlon It is. worth notlng that the dlp of the clayey bands located .
| predommantl at th‘, southwest end of the drumlln decreases towards the northeast; that
‘_ the iriterbedde il is conformable with the claypey bands and that the clasts |mmedlately

‘ bereath the: bands in the tlll are parallel to the dlp of the clayey bands This pattern “ '
| »apparently reflects the melt out of cdnformable ba,,nds of debrls rlch |ce formerly inan - |

englacnal posmon above the lower till and the stratlfled sand and gravel lenses The dlp of N

Athe clayey bands at the southWest endof the sectlon |s partly explalned by dlfferentlal

sl melt out of clean and debrls rlch ice. Wth‘ results in dt;aplng of the mlddle till over the )
Iower unlt Flnally the upper tlll is consndered asa supraglacual complex Supraglacnal

. streams present on the surface of the ice are mdlcated by the graveI fill ‘
& L
The uppermost sedngwentary unlt is Ioess slted after the wnthdrawal of lce .

v

- from the area The probable source.of the loess \%ere the shores of Brule Lake and the _
O B ey
' : floodplaln of the Athabasca Rlver (Dumanskl et a/ (1972) The calcareous nature of the s

3 'Ioess appears to be the dommant factor |n the development of the Brumsollc Gray Luvnsols
: mantllng the drumlm and the flutlngs in the area. lron omdes denved from the weatherlng a

of. Ilmestone and dolomlte fragments wnthm the Ioess lS responsnble for. the red, horlzons

L w:thln the Brumsollc Bm horlzons (Diimanskl et a/ 1972)
< " . - 4‘.\.. o —‘.

e

41 4Fabrlc Analysss . : R 8 ., o -‘ o ; R :_» g ‘.‘- o ) %
e Fabrlc analyses were conducted ata number of SItes to ald process lnterpretatlon Lo
; (F:gure 4. 17) Varuous authors place dlfferent emphases- on fabrlc analyses for the '
s ,nterpretaf ion of gaéual landfoym geneszs For: example’ Men2|es {1 979) commented tl?at s 4

- some authors WOrkmg on drum‘llns and flutmgs leg. Savage 1968; Shaw and. Freschauf

. } 1973) have developed hypothegg;s solely on the bas:s of fabrlc analysfs Menznes : '
- _'suggests that thlS places too much emphasns on the sngmfncance of till fabrlcs Andrews
l197 1) has also ponnted out the problem of standardlsmg fabrlc measurements 'whereas

5 -

S
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"~ many other workers have suggested madequacues ln till fabruc data analysls (Menz:es 1979

P: 328) Boulton (197 1) and Shaw. (1979 1982) have used fabruc analysus w;dely in some

of thelr work and although the |n|t|al cruﬂcnsm of Menzues is relevant fabrlc analysls must
be used in conjunctlon wnth other crlterla for evaluatlng tl” genesus In partlcular Boulton o

(l %l) and- Lawson (1979) have undertaken fabrlc analy5|s in modern glacual envuronments

- where tilt genes:s can also be, observed Lawson (1979) shows that dlfferent facues in’ the

:’M ‘

.f"

PR
3

lc? Wthh are distinct lsotoplcally and texturally, also have dlstlnct fabrlcs However |t is. . .

the author s oplnlon that a conservatlve approach to fabrlc analysls is necessary ln the -/

Hlnton/Edson area In the case of Drumhn 1, the posltlon of the sectlon is not S AT S

perper,l-dlcular to‘the Iong axns of the drumlm whlch sometlmes make@brlc compar 7ons SR

dlffncult Furthermore complex facxes oceur and therefore fabrsc patterns are expected e

"?‘to be dtverse In addltlon the bedrock topography is. hlghly |rregular and fabrlc "_ '

- orlentatlons are affected by thls (Boulton 197 1) Perhaps the most |mportant problem to

. be resolved lS whether the fabrlc patterns lndlcate glamer flow condltlons or clast

£ dlsplayed as. three—dnmensnonal patterns and twelve as Rose dlagrams (Flgure 4 17) Nme .
".': of the fabncs are transverse to the form (BXIS 2) wh|Ch |s ornentated at. 058°-232° or- /

‘obllquely transvers‘eftoeaxls 1. 042°—232° ThlS contrasts wcth the flndmgs of some .

'7' propertles from fabrtc patterns - S

reorlentatlon durmg subsequent release from the. ice. - Fabrlc orlentatlons are known to be o

" affected by. dlfferentlal melt out flow sohfluctlon mass movement and slumplng (Boulton,'

&ut

anteen fabrlc mvest;gatlons we’re condUCted oh Drumlm 1 Three \re-been Lo

i

_'.'workers (Wrnght 1957 Mlnell 1973 Shaw and Freschaﬁlf 1973 Menzles 1976 Jones

1982) who have observed parallel or subparallel orlentatlons to drumlm and flutlng Iong
; R S . . B
axes. _

In the lower till three dlmenslonal fabrlcs for Sltes 1A 2A and 3A (Fugu:es 4 1 7

and 4 18) mdlcate transverse ortentatlons to the dlrectlon of former ICB flow consldered

S to be from the southwest to the northeast (225“*045°) The azumuths of the prmc:pal _

: elgenvectors are 135° 132° and 343° respectnvely At each s:te however the strength

' »”Thls mdlcates a hlgh dlsperSlon of"clast axes The general transverse patterns of the ‘

v of the clustermg around the pT' c:pal elgenvector is vveak (S —0 50 S, O 56 Sl 0. 44)

a4

1971 Lawson 1979 Menznes 1979 Shaw 1982) and it lS often dlfflcult to lsolate these R
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Flgure 4. 18 Contour Plots of Indlv:dual Fabrlcs Drumlln 1

See Flgure 4 17 for Sample Locatlon Contour |nterval is. Two ngma

“. o T




1

| vfabrucs in the lower t|ll are thought to |nd|cate compressuve flow wuthln the lce (cf

fBouIton 1971) The mterpretatlon of the Iower tlll as a melt out deposlt is. not m:tlally

supported by the Sl values.. Accordmg to Lawson (1979 p 106) Iow S, values for '

' prnncnpal elgenvectors were not characterlstlc of melt out t|ll from‘the Matanuska Glac:er

E -'Alaska The Sl values he obtalned were: greater than 0 75 Onthe ba5|s of statustlcal

. 'analyses alone the three dlmensupnal fabrlcs observed in the lower till would be: more .
typlcal pf Type 1 sedlment flows (Lawson 1979 p.1086).. However Lawson noted that
meltlng increases the scatter of mdnv:dual partncle orlentatlons about the’ calculated mean B

s,

and Boulton (197 1) commented that fabric orientations change rapldly |n melt out tlll

W

B '_~undergomgdiownsI0pe creep ThlS |mplles that the mterpretatlon of the Iower till asa melt

e out deposut nn *which the clasts have undergone some redlstrlbutlon is: not problematlc

It AN

7 Fabrlcs 1 6 8 and 10 (Flgure 4. 17) were obtalned from the mlddle tlll at the
prommal end of the drumlm sectron Fabrlcs were sampled ina small area approxumately 1
. "mf located adjacent to clayey band (al Sltes 1, 6 and 9 (Flgure 4 17) are located in the tl”

beneath thls clayey band and site 10 s above thls band. Fabrlcs 1 and 9 are strongly ,',
. ‘,u"' ; .

'transverse to the drumlm axis and fabrlcs 6 and 10 dlsplay oruentatlons whnch are obhque f o

S L .
5 ,to the Iong a)us of thls landform The general transverse pattern of these fabrics is

thought to |nd|cate a strong compresswe flow elerqent lnthe proxnmal zone of the drumlm

‘_ "(A ‘Drelmams~ personal commumcatlon) .- .
o »
Twenty mne metres fromg\e proxumal end of the sectlon “site A exhlblts a fabrnc

o "whlch is subparallel to the drurnl:r: vvhereas s:te B. located 4 metres above srte A, dlsplays :
L ‘. -a wnde scatter of pebble orlentatlons (fxgure 4. 17) Slte D. (Flgure 4 17) shows a fabrlc ‘

; “ ;pattern sumllar to fabrlc A also with.a modal class at. 60°-—70° Both fabrlcs Aand. D are |n
o ~:the same plane marked by stratlfled clayey band (bl These fabrlc patterns may be taken to
e lndlcate extendmg flow in upper lce Alternatsvely thelr patterns may be comcudental

| _ ' Sltes C, F and E (anure 4, 17) shg}/ a dlspersed fabrlc pattern These fabrlcs are
K mterpreted as lndlcatlng dlsturbance due to melt out. of debrls both above and below an -
| extensnve englacnal cavrty marked by the Ienses of stratlfled materlal in the’ centre of the

and E are alI located wuthln 1 metre of these stratlfled sedlments and :

| : drumlln Sltes



"Hl

Slte G W|th|n the mlddle till, occurs dlrectly above stratlfled clayey band (c) and has:

a transverse fabrlc Because the, sute is Iocated beneath a surface depressmn it. may

¥

. _"'reorlentatlon during ! melt out . .

N lndlcate reorlentatlon durlng melt out"?". Slte H shows a multlmodal Rose diagram wuth "

, both parallel and transverse elements which may also lndlcate a S|m|Iar process |

. in summary, the fabrlc patterns show consvderable varlabllrty Fabrlcs may mducate

g ‘|ce flow characterlstlcs dlsturbance durlng melt out and reorlentatlon dunng flow n :

. icertam cases (fabrlcs l 6 9 and 10) fabrlc orlentatlons are conSlstently transverse to the :

.,drumlln and therfore support is glven for compressn;e- flgw in thns zone. Fabrlcs A and D
N 'may mdncate extendmg flow (cf Boulton 197 l) Other fabrlcs are thought to md:cate

% - Rose dlagrams are Ilmlted in the amount of mformatuon that they show compared

to three—dumensnonal plots (Andrews, 197 1) and therefore the use: of thls technnque may ;

. _fabncwalone i Q(tremely dufﬁcult as so many dnfferent processes can prod Nt ilar D .
v results ‘This seems to be the case here and therefore the characterlstlcs of stratlgraphy
. and sedlmentary structures/ are consndered to be the most rellable data for lnterpretlng B |

: .Iandformgenesus

a4 5 Landform Genesns 4"‘.4_4 =

Certalr\theorles of. drumhn ormatlon cannot be applled to thls landform The v

e correspondence bet,ween the surface morphology and the mternal structure of the druml:n =7 7

i

-cannot be exp! ned by an exclusnvel erosnonal hyp_othesus Erosnon lS also ruled out
P ? y

B :-rl'morphologlcally\by the apparent superlmposmon of the ndges that compose the form '

L '?The W|despread occurrence of stratlfled umts does nat support snmple accretlon through *

L ‘-lodgement Lastly, varnabshty |n fabnc patterns mdlcates that a secondary flow mechamsm L

o . dISCUSSGd elsewhere by Shaw and Freschauf ( 1 973) and Jones (1982) |s unlukely

From the topographlc settlng of the drumhn certaln ice flow condltnons may be

e

- : lnferred It should be noted that morphologlcally sumllar drumlms are present nearby

| v_‘_whlch suggests that the forms may have been generated under sumllar ICG condltlons (cf..

' LRose and Letzer 1977) These drumlms are Iocated wnthm the northeast—southwest

-

'trendlng Benchlands _of the Athab sca Ruver vallg,y lt may be assumed tl&at the lower part




L -

’ of the ice whlch occupled the valley between Hlnton and Obed was confuned by: the valley

walls whereas the upper part.of the ice may have been unconflned on the Tablelands "

.'.‘, 67

"

-

dlrectly to the north and south of the ‘Athabasca River valley Thns conflguratlon may have
produced zones of Iong|tudmal e tendmg flow combmed wnth zones of transverse .
com'ﬁressaon in the Athabasca Rlver valley area and these flow condltlons have been

assomated w1th drumlln and flutmg development (Glllberg 1976 Aarlo 1977b Shaw

1980) Further factors affectlng ice flow i ln the area near the drumllns may be‘provuded o

by exposed bedrock surfaces In the Athabasca valley near Hlnton bedrock knolls and

undulatlons may have mutnated certaln drumllns (cf Boulton 1970b Glllberg, 1976) and .

created locallsed zones of compresswe and extendmg flow WJthm |ce Although large

boulders of local bedrock are present in the Iower tlll no- bedrock core |s exposed and

therefore drumlln formatuon by lnltlal agglomeratlon around su~iha core cannot be - " '

estabhshed _' S S | 'j'; T PR
' One main concern of drumlln formatlon |s to explam how materlal |s agglomerated

(Menznes 1979) ~-From the ewdence lt |s propOsed‘ that the drumlln consnsts Iargely of

. melt out tlll Therefore the followmg problems are ralsed flrst is the drumlln compOsed

entlrely of melt out tlll7 second is there a moulded form underneath the melt out

deposlts7 and thlrd has the drumlm been created under actlve or stagnant condltsons7 The

fnrst problem cannot be addressed as the sectlon only dlssects part of the drumlln

!

- However the second problem ments dlscussmn In the sectlon the mlddle‘tlll Wthh is~

FERS

Lot
.

suggest thatthey were lnltlally nncorporated |n ice by shearmg of the substrate It is "

approxlmately 8 metres thlck drapes over a Iower glacugenlc suute In one sense thus may

S

suggest that an accretlon theory is appllcable whereby a concentrlc shell of melt out tull

has been deposlted over a smaller mass but thls Stlll avonds or: presupposes an mntuatmg

A pomt lf however the lower swte ls moulded mto a drumlln under actlve xce condltnons

@nd Iater stagnant ice condltlons result in the release of debrls over the drumlln then the ’

internal Charactenstncs and morphology may be explalned Thus the. drumlln may be

consldered the product of a proto-—drumlm rndge englacnal melt out till and supraglac;al tTI

One explanatlon for the genesns of the drumlm ns as follows and |s ﬂlustratec@_y

Flgure 4 19 lt |s proposed that the lower tl“ repreéents a basal melt out tl" The hlgh

e

. l..

v concentratlon of boulders and large clasts of %pcal orugm conflned to the Iower dlamlcton L




’.\‘-‘. 'l

,postulated that thls basal debrls l’lCh |ce became stagnant beneath upper ice (Boulton

: 1970b) It may be that the debrls content retarded ice flow (Russell 1895) and that the

b row condltlons were as descrlbed earlier: Corﬁpressnve flow in the lower ICB may be e
- lnferred from the transverse fabrlcs of sltes ‘lA 2A and 3A At thns stage the materlals _" : -
B were frozen and of htgh strength The upper ICG WhICh was overrudung flowed past and N
| moulded the debrls in the Iower complex unto the drumlm form (‘ondltlons m the upper L \/
lce are: thought\to\have been generally unlform or extendmg fle}w (Fabrlc A and D) ‘
. Streamllnmg ther'e‘fore was a functlon of dlfferentlal flow between the materlal m the .

drumlln and the overrldlng lce'(Shaw 1980) In thlS case it is' suggested that the
14

. v,verpdlng contalned subglacually der:ved sedlments now Qﬁansported m an englaClal .

e posutlon Durung the final stages of glacnatlon of thls sute |t is proposed that the upper ice .
became stagnant At thus tlme extenslve englacnal channels developed in cavmes wnthun '
: ﬁ meltlng |ce Sorted sand and gravel were deposuted in these cavmes Deposmon of the S

. mrddle tl" OVeI' the channel sedlments resulted in deformatnon dewatermg and compactlon\ ) Tin

; o’f the sand and gravel Wthh formed lenses or tubes Durlng melt out and lowerlng of the = ;
- sedlments dlsturbance of’ the tl|| took place in the vucnnlty of channel sedlments (Fabncs C)'z, o
K and E. Debrls releasad at the surface was by melt out and supraglacnal streams were - |
| present ThlS IS |lIustrated by the upper tlII and gravel flII lt l$ probable that thls layer | :
4 mhnb:ted sur&ce meltlng and that basal meltlng became a predomlnant mechanlsm (Boulton, R
- i 1970b Shaw 1979) Ihe rapld evacuatlon of water through englacnal channels combmed '-:-:' e
- wuth basal melt out permntted the preservatuon of the englacual facnes and structure -
B (Boulton 1970b) Durlng the flnal stages of deglama,tuon the supraglaclal complex was ) )

L.

e lowered over the form and Ioess was deposlted
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The sectton to pefdescrlbed occurs ina flutlng on the west bank of Canyo,n Creek

.‘-5&‘ ) U g LI o)
- lFlgure 4, 20) at an elevatuon of 1050 metres An anr photograph shows t at the sectlon is ¥
t\:;_.’ . P Ly W
Iocated at the nontheastern end of an extensuve Imear rldge Wthh is 2 k_ etres long and o
A Q ) N
N

trends 68°—248° (Flgure 4. 20) This flutlng is located at the base of the uppermost break

g, m slope leadlng to the summ:t of the North Athabasca Tableland The. wxdth of the flutlng

a IS hlghly varlable rqeasurmg 160- metres at,the nol'theastern énd and 400 metres at‘ the :

soutl‘?western end ‘The sectlon outs ob)uel‘y»thmugh the the northeastern margln or

(‘,l‘\au vv‘/

) dlstahend and measures 96 metres m length and 6—- 1 0 metres in helo -t lFlgure 4.21)

T reveals a complex assemblage of dlamlctons an’a stratlflbg matenals {Figure 4'25) ’ . .

T"“' ee’ dlamu;ton units are recog\n»seg These umts are callep .Ner, mlddle and o
A . ver. miadl

- upper dlamlctons on the. basns qf thelr ,stratlgraphy ﬁoth the lower a 'rt 'dd ‘A,dlamlctons [} S

R

ST R I S R f".—""-'rf"
con\ent pf strattfled materlal’n : DERNE .’ ST L
. VI e e T e o
,Q e g
' '\ @ The lower dlamucton isa dlscontlnnous unlt eonfmed to the lower 2 rgetres of the

ndx n]atrlx W|th a hlgh ‘clast content

Exténswe stratlﬁed deposlts are mterbedde‘ wuth Id;amlcton Clasts slzes ln the dlamict’on

.‘ i

are hughly varlable ra‘hgmg from coarse pebbles to boulders 'lfhe domlnant slzes arg’ very

¥

Iarge pebbles to small cobbles Large cobbles and boulders are preftrentlally located

towards the base of the sectlon Most clasts |n the modal sxze range,are subrounded Cem

- although weIl rounded and subangular forms are present The larger cobbles and boul'ders 4:"‘

v S ey

- are generally subangular Clast llthologles mclude ferrlc arkose Sandstones RS ,—,__Jq_" S

: 9 = orthoquartzltes llmestones angular coals and mudstones leestones and orthoquarmtes .

- s

arp the dommant llthologles These clasts shbw both locally denved materlal from the R o

- v .
vl ay

g consnderedlater '_ - /

The mlddle dlamlcton consnsts o‘f asr@"sandy matrlx wuth a hlgh proportlon of well

T

“-f‘ rounded pebbles and cobbles The umt is approxlmately 1 5 L3=rnetres thlck ,Most clasts




'hgure 4 20 Flutlng 2§nd Flutmg 3 geners i ',tuon'of sectlons '~.‘
*2 and Filting, 3 indicated by arrows. "t 2 is to wegt
;AP photo (Provmmal,,1965) A‘S 58’_ 8¢l )

L SR Fug? 4.21 FluthQ and Elutnng 3 detanled Iocatnon of sectnons -'f L e
Ce Flutngnsmforeground g B R ]
. : [y . .. : ’ ?

.
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composutuon llmestones and quartzjtes gre dominant. .There are few

&
i

I3

2

K

At s6mn log tuons the dlarm_ct‘bn dls‘play‘ 3

part of the section the flSSIllty is horlzontal to s hor' ntal whereas towards the south

,_4

end of the sectlon tlhe platy structure is parallel to the dlp of’the southwestern Ilmb (Flgure '

J.

’

~4. 24) Augen structures are also present where the: clasts are dlppmg parallel to the dip of "

thns lnmb Strattﬂed dep05|ts are less frequent in thls unlt compared to, the lower Unit but

horlzontal sand lénses are common Further dlscussnon wull be resented»‘later

Cbmposed of subangular to 5ubrounded pebbles in‘a matrlx of ,' ty. cIay The matrlx

0 '% .

dlsplays a plat“y structure Wlth coarse and rnedlum plnts Cla ts an‘g'composed of -
S E -

quartzntes and- I' mestones Pltted clasts are comrgxen-

northern end of the sectlon a gravel lens 1s exposed w:thm'the upper dlamlcton Clast

N \ﬁ"

thls lens are pebble s:zed and rounded to subrounded lﬂwey are s_upported by meglum

sand thatt& subrounded and structureless 'Qovenng the uppermost 30 50 centnmetres bf -
B ) e v..,}é«:@ P

the é)xposure 1s.a red l#own capplng of fme 5|lt mterpreted as’ loess R R

exposure and are lnterbedded wnth the lower and mlddle dlamlcton Representatlve

i

]

g.roups of stratufued deposnts are, descrlbed Selow S : g \ ‘

42 TZ Clayel' lncluslons : : ey, ; " .

) P I3
Drumlnn 1 The clayey |nclu5|ons contam rounded clasts of large pebble slze The

-~ ]

: mt:lus:ons are‘angular‘or hemnsphe;.;gfm shape An example of thls deposnt lS_ N

' lllustrated by Flgure 4, 25 Thns clayey unclusnon is hemusphencal.m sh r e and less

than 0. 5 metres in raduus The clay is grey (2 B¢ Y 4/2) and dlspla_" Az io _
have been folded ina concave pattern Small clasts wnthm the mcluslon are alngned

conformably wuth these Iamlnatlons This’ clayey mclusuon is truncated on one snde by

a large angular cobble A shear plane is observed above the InC|USIOn and cobble

- —

4.

S - Clayey lnCIusuons are wudely dlspersed |n the lower dlamlcton They resemble .

g

ST
Voot

vEar

,large cIasts and are therefore dlstmct from the /stratlfled clayey bands dlscussed in'® \ “
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. o Fugure 4 24 Contact betwean muddle and upper duamnctons Note dnppmg ﬂssmw .and
- - .~ rounded-clasts in middie diamicton. Upper diamicton displays. subangular clasts
Posmon of. sactnon 5 metres frorﬁ south and (see anure 4. 22’)
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(phofograph wnth explanatory dxagram) Posmon of sactnon 8 metres from ;outh end. LI

-




i F'Q”'é“zﬁ.Strmf.,d gan
LS e

""" Note.defprmation and apparent foliation i

L
YPd

R TN
fied gandferts inte
. metres from southend.- "« ..

Ri

f stratitied lans

N

(tape measure marks position on Figurs 4.261
- ther with pockets of granules:
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Vit R dlpplng at 25° to tl@‘south southwest and penetrates into the dlamlcton Minor
.' , | . n."sllckensldes are present in the dlamnctbn where the shear plane occurs (Flgure 4. 25)
oSt s ’ - ’ l : ' : v ' - . oy, .
4 2‘1*3 Sandand gravel Ienses R e T ., 3 ——

i Aty . v, .
Generally two types of Ienses contalnlnﬁand and gravel are present

’ horlzontal Ienses and deformed Ienses Horlzontal Ienses contamlng stratlfled sand

' ;‘?and "ockets of granule gravel occur throughout the Iength of the sectlon These :

Ienses‘are up to 20 centlmetres thlcl( and can be traced for 5 metres ln some plac‘es

\ﬁ'\; LA

-*-v—a . In the central part of the’i"sevtlon honzontal Ienses contalnlng stratlfled sand and ‘:‘ o

<y
LA

_ . , h e \ :f'.(f. ‘
%ommon )ﬁolnother horlzontal lens of stratlf‘}ed medlum grade sand is lll
RY ‘.'r ERTL o '
g "‘:; ; S Flgure 4 28 ThIS lensiis less than 20 centlmetres thlck an extends 4= 5£metres

' T Iaterally Mncro rlpple cro}ss—lamlnaﬂon and small scale trough cross beds are

: 5
-

dlsplayed in the sand

Deformed lenses of sand and gca:yel are common in the Iower dlamncton but S

'u

. are Iess frequent in the fT'IlddI’_ dlamnctoh. ), contorted sand lens w:th a central flll of

| ;dlamlcton is shown in Fugure 4.,2§°§nd Flgu;vg:‘f . t,30 These structures are snmllar \to

) the l"" "aa]d hook lukmverfolds descrlbed by Dzulynskl and Walton (1965) in T

g ,‘,, L ,

'7"'_sandstones L I E I TS S i .' -,.\,

A deformed lens of sand and gr,avel is also ﬂustrated‘ by Flgure 4 31 Thls | ~"

o

',Iens dlps both subhorlzontally and vertlcally It contauns coarse sand granules and .

o small pebbles Clasts wlthm thé Iens are subrounded to subangular and are

T 'composed of llmestones and quartzutes The coars&sand is often follated and the

'deposlt is poorly sorted h SRR T

\"

Clastlc dlkes of sand and gravel cross cut both the. Iower and mlddle Lo s

RENAE dlamlctons These dnkes contam med:um grade sand and 'clasts Wthh are Iess than
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Flgure 428 Honzontal Ienq of stratnﬁed sand mterbeddod wnth dnamucton Mscro npple
cross—lamination and smali-scale trbugh cross—beds dnsplayed in sand Posmon of
sectnon, 70 metres from south end (see Fugure 4. 22) . A
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Flgure 4.29 Deformed sand
: anure 4.22).°

: anure a 30 Close-—up of deformed sand Iens Note
central fnll of dnamncton R
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v 50 metres from south end (see .
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F|gure 4. 31 Deformed lens of sand and‘ gravel in Iow_en dlamncion Posntlon'bf secpog
17 5 metres from south end (see Flgure 4. 22)
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coarse pebble size.

o

4220|scussmn and Interpretatnon P PR R I

: and stratlfled materlals The lower dl’igmcton and mlddle dlamlcton are mterpreted as melt :

s vifsupraglamal channel depos;t The 1ower tlll lS assocmted wnth a deformed serles of

L stratnﬁed deposuts whereas hornzontal layers lenses and strmgers of stratufued sand and

o .Thrs process has been descnbed by Shaw ( 1 979) to accouht for stratlfled Iayers m Sve

-,‘"tull in the mlddle pant of»thelsectnon these beds are ho. |zontal Wthh is as expected for ‘ .

, by melt out lnvolvmg slo \ deposntlpn on an ever\surface (Boulton 1970b Shaw 1979)
i ]HoWever |n some pla\;Ls deformatlon of the | wer zone has occurred after melt out of ~ -

"-"the stratlfned laye@ "Thls lS demenstrated by loc\;p and hook llke overfolds m the <ot

stratlgraphlc pos:tlon clast shape and the presence ofaa gravel fl" whlch represents a - - N '

{Iacustrme sedlments Wthh have been mcorporated and’mworked by the. overndmg ’ “’
,glacner E’ammatnorf’s and small clasts wnthln the mclusnons suggest that these sedrments ‘
'were deformed frozen and transported durlng gIacnaI advance @he angulass tg;) '

A‘,subrounded shape of these mclusmns |mphes t,hat they were Iocally denved 'Fh

The sect|on through the flutlng shows a complex relatlonshnp between d:amlctons R

, out tnIIs on the basns of stratlgraphac posntlon thelr assocnatnon yv:th stratlfued materuals and ‘ o g

“7\.

_thelr strongly preserved prlmary structures WhICh vnclude flsslllty augen structures and v

"shear planes The upper djamlcton |s mterpreted as supraglacual tlll on'-the basus of : ', . : N

P ; v

gravel are commonly tnterbedded w1th the mlddle dlamlcﬁn. ~ R "'I AR AR o

', : The stratlfled clayey mclusmns wnthm the lower t|II areunterpreted as ,proglacnal L

-
. LRI

g "\presence of stnated and shattered clasts |n the lower tnll and shear planes assoclated w;th et 3

v(3 ; o

the clayey mclusuons mduCates transport of debrls ln a basal posﬂlon w;thm the |ce 'j;_' \ R

e e " v .. ,’ (
Both horlzontal and: deformed lenses of stratvfled "sedlments represent‘the ) ‘»\‘. 8 ,; \( R

- !-",presence of cavmes developed durlng melt %ut of |ce Iayers under.stagnant |ce condmohs S
. ¥ "

R

stratlfled Iayers WhICh lndlcate "plastlc glude" durlng SIumglng (Dzulyaskl and Walton




s 82
:-"‘_1'-;,5 o
1965) Itis postulated that deformatnon of the more competent beds represented by the ’
o
sand layers took’ place wnthln sof‘t plastlc tnll during the melt ‘but process Furthermore

the mterpretatlon that deformatlon by slumplng occurred’ after melt out of the stratlfled L

o ' Iayers wuth the observatlon that thns was confmed Yo the lower zone of the sectlon |s r»v .

"f-:? S mformatlve“ It is suggested that the sedlments in the lower Iayers were mobvle whnle N .. ',f
-;_debns in the upper |ce was stnll frozen Thus a basal melt out process was Ilkely ‘As basal
melt out proceeded dewaterlng and dlfferentlal compactlon of the sedlments may have
resulted m subsequent deformatlo somated wnth slumpmg and flow Uneven s ; . S

;.:dustrnbut:%of the underlylng todography and mneff;cnent pore water expulsuon from the

dlments may have contrlbuted to the reorlenthtnon of melt out deposlts LT ‘_' Lo
:‘A - -}. f-_‘ ‘ 9‘ P . b H o E
l; “, The presence of c?asttc g]nkes»:s also thought torepresent ln jBCthh struotur s

' ".asebmated w1th slumplng Theség se?rment tllled dlkes were prob‘ablw’preserved by e

A‘ :

o -.-’ 'syndeposltlon of debns durtng melt out of |ce ﬁrom the base upw*ds The fohated
B str cture of the horrzontal strat:fued Iayers mterbedded wnth the mndc_lle tll[ mdl’cates that

' “ part of t ve %tlon (Flgure 4 28) dlspyse varlety of sedlmentary structures meludmg

mlcro rnpple Zéross-lamlnattOn arﬁ’srﬂall scale trough cross bedd ng Deformatlon
SR ce

o structures are absent fromthns Iens and |t |s addltlonally eoncluded that everburden ‘
e pressures wen»e Iess than those in the base: of the sectton Preservatnon of the beddlng e *& :
o may also be due to a.slow melt out"proce\ss and gentle lowermg of thls Iayer over the t||l

e
In summary the lower tnll and nnterbedded stratlfle posrts are mterpﬁted as ar -,

3;‘: basal melt out tull Structures dlsplayed by stratafled sedlments and tqll dgmonstrate that ';J_f; ;

'Edndary redlstnbutlon through flow *The mvddle trll represents a:

8
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4 2. 3 Fabnc Analysns . * ot e T ,
L The pOSltldn of theasectlon wnth respect to the Iong axis. of the flutmg permlts

Y. g

mvestngatron from the centre to the: southern margm of the fo?‘;m (Flgure 4 2 1) Elght '

ay

: _": and 6A may demqﬁtsp'ate thns character’;;nc ‘an

two dlmensmnal Rose dlagrams (Flgure 4.32] and snx three-dnmensuonal fabrlc dlagrams

(F‘gure 4, 33) are presented from Flut:ng 2, Eleven fabrps were taken from the IOWer t|II:_ .

two fabr:cs were oBtamed from the mnddle till and one frorn the upper tnII As.in Drumlm* L
» a4, ‘ \} [ \‘ R
1, here is a srgmﬁcant vaqjatnon in fabrnc onentatlons '

Fabr:c s:tes 5, 6, 7 '8 (anure 4 32) and threé dlmensmnal sltes 4A 5A anc{ 6A

(anure 4. 33) are Iocated towards the éentre of the flutung Fabrlc 8 located |n the upper : ;

. 4‘ » . 3 s ' " ;
- reflect tl" deformatlon by slumpmg"7" Fabrlo 7 is Iocated m the mldd,le tdl and shows a

'(«l’“‘d"{"

strorfg modal ornentatlon Wthh |s rotated 10° clockw:se from the flutlng axls Thns patterrg) §

s mterpreted to mducate former |ce flow dlrectnon The azrmuths of the prmc;lpal

l

elgenvedﬁrs for fabrlcs 4A,(§A and 6A are all oblu&u@ toéthe oentralaxls of the flutmg m a

Do o
down—lce dlrectlon (225“—04'59) The azwmuths range fro *‘l 85° to 2309 andf al’k't)heser

. g@hree—dlmensuonalisnes have upglacner dups The 1r}clnnatnons of these elgen\%cwrs range o L

.

B "7 from 3° to ‘lO° and éte Sl values are weak rangmgvfrom 0. "15 to 0 59 Mark (]974

“fat bncs "Wlth

p 1370) suggested that the fabrlcs for melt out tlll are’ essent‘ aIIy englacua !

varymg degrees *of modlfrcatlon Th|s~usually entalls the reductron of dlps and fabnc h; | :

! "\
strengths durmg meltmg of.ncg sqrro,undmg the clasts The'low dups .for fahrtcs 4A, r5A

¢ mdloate a melt out ongm vyhere prlmary

,.»-._._.:.__ 0¢\_‘.' o ‘\.1

T support thls hypothes\s

i‘ Sltes 1 to 4 mcluswe agd fabrlcs l
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R = 2557
A = 286°
S, = 0.56.

© . R-=18.38 . R = 19.86
A= 210° A= 237°
s, = 052 S, = 0.49

\
\

e
Figure 4.33 Contour Plots of Individual Fabrics, Fluting 2.
See Figure 4.32 for Sample Location. - Contour lnt_eryil is Two Sigme-



..

shoyvs an upglaoier dip. ;[hese fabrics (2, 3 and 3A) may indicate that ice flow direction
was generally parallel to the fluting axis. ' " '

“Fabric 2A, derived ‘from the Iower till near a deformed sand and gravel lens, has an -
. eigenvector a'kimuth which is transverse \o the fluting axis. Fabric 3A, located near a dike,
~ has an eigenvector azumuth \Nhlch deviates some 400 from the fluting axis but shows an
upglacier dip Both fabrlcs éA and 3A show that the strength of clustering around the .
eigenvectors is weak. ltis concluded that these two fabric patterns are due to
reorientation of clasts by slumping and flow. , . . ,

Fabrics 1 and 4 are located on the flank of the section {Figure 4. 32) Fabric 4
displays a multi'modal_ pattern wutZ a transversevpeak and fabric 1 shows astrong fodal
orientation at 1200~ 1 30°. Thes\e i“abrics.are thdught to show reorientation during meit.

. out . : ' _ \\ ‘ '

~ In conclusion, although th\a fabric orientations are.variabie, tvvo general trends
emerge. First, fabrics located in the middle of the fluting shbw alignment either paralle‘lﬂor
convergent to the axis of the forrr\ (Sites 6, 4A, BA and 6A). -Second, fabrios towards the
outer margm of the flutlng show alignment which is_ either parallel or more commonly—rt

rotated cIockw1se away from the fluting axis (1,2,.3,7, 1A and 3A). - ot

A 2 4 Landform: Genesis: . |

V

Three units have been observed from the section; a lower unit which i is mterpreted
asa basal melt out till a middle unit mterpreted as a melt out tiII derived from an englac:al N
position and an upper unit which represents a supraglacial melt out complex. A dominant
characteristic of the exposure is the assocuation of stratified layers with till.

Earlier in this theSis the theories of drumlln and fluting formation were discussed
brieﬂy and it was noted that there are both erosional and depositional explanations.
Erosional theories assume that ditferential acc’retion and/or flow conditions were

" responsible for preferential distrlbution of debris parallel direction of ice flow.
~ Accordingly, the relief in this part of the Athabasca River valley may have resulted from
post—depositiona_i_ erosion of troughs, or alternatively the ridges may have been sites of .

high debris loads.at or near the glacier bed. Hovvever, an erosional hypothesis is

- precluded for Fluting 2 because melt out till is dominant. If an_erosional explanation is '

BN



forwarded then it is a prerequnsute that\melt out tnll and supraglacual sedlments were
deposuted and streamllned during a later advance ThlS sequence is not consistent wnth the

h observed sedimentological evidence. Thus a deposutlonal mechanism is proposad to

a explain the flutmg stratlgraphy The questlon is then‘ralsed as to how this material was. )

agglomerated to form the fluting ridge. There are two‘ma Jor concerns: was drfferentnal
accrstion responsuble for landform genesus or was glacier flow such that debris was
preferentially’ concentrated irt linear ridges wuthln the |c97 The process of dlffergetlal

- accretion is related fundamentally to the movement of debrls mto cavutues created in the,

lee of obstacles. This debris may have been water—soaked or deformlng plastvcally
(Dyson, 1952; Hoppe and Schytt, 1953). However this theory raises certam problems it

s dlfflCU|t to explaln the regular patterns in the spacing of fluting rudges by thus
explanation and a further problem is to account for the maintenance of cavities with ‘ /
respect to overburden pressure. In support of the theory, it is known that small-scale .
-flutings develop in the iee of obstructions from observations of modern glacial

" environments (Dyson, 1952,‘ Hoppe and'Schytt, 1953; Boulton, 1976a). In additlon, water
filled cavities have been encountered during drilling and tunnelling in glaciers {Fisher, 1963;
Paterson and Savage, 1970) WhICh suggests that for temperate glacners at least, cavities
contalmng suffncuent water are not closed by ice flow (Paterson, 1981). Therefore the
ob jection mvolvmg overburden ‘pressure may not be appllcable and the maintenance of
debrls filled cavmes is not problematic. _

- The alternatlve model mvolvnng klnematlcs and partlcularly_secondary flow (Shaw |
and Freschauf 1973) is based on theoretncal assumptions which are; sUppor‘ted by fabnc
orientations in certain flutings. Whnle secondary flows are evudent in some gIacuers (Shaw
1880) the type of motnon which Shaw and Freschauf (1973) envisaged, where adjacent
helicoidal flow cells produce large flutmg ridges is not supported by the fabnc analyses

Itis proposed that the fluting was formed by an accretron mechanism wQere
.. plastically deforming sediments were squeezed into a cavnty which extended Iongltudtnally
relative to |ce flow dnrectlon Support for th;s is gnven by the fabric sites in the centre of’
the form (Sites 6, 4A, A and 6A). The mechamsm is thought to be self—generatmg as

progressive accretion causes the cavnty to move down—-uce resultmg in furtﬁer accretnon

and so on. This process may include Iodgement (Shaw 1977b) and also the development

4
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of a le'e-side till"(Hillefors, 1973). Lee-side till is interpreted as the product of debris_
flows and glaeiofluvial sediments which are deposited in cavitieg,deve)oping in the lee of

_ obstacles-beneath the glacier. Hillefors (1973) also noted that during the formation of
lee—side till, clasts were removed from upper ice and dropped into stratified sedirnents in
the cavities. Hillefors (1973) also mentroned that debrls rlch bodles or "dead-ice bodles
may becqme detached from upper ice and may fill lee—side cavmes Itis possnble that

such processes combined with lateral accretion of material caused the flutmg to extend

il

. downglacier. | _ ‘
itis consider}!ed that, at some stage, the acéreted sediments became stagnant in the
flutrng ridge and that subsequently the upper englacnal ice overrode the rl'dge In order for
“this to take place the sediments are thought to have undergone markeg geotechmcal
. changes prnricnpally from low mternal shear strength due to hlgh pore yvater content toa
much hugher shear strength (Menzues 1982). If pore water was lost through dISSIpatlon or’
by in situ pore water freezmg then the shear strength of the material would increase
suffumently to mamtam its form (Menzues 1979 1982). It may be that certaln amounts of
‘water in the flutmg rldge were lost through the permeable substrats, vna meltwater
conduits and also into the cavrty WhICh was mlgratmg down-ice.. . f »
In summary lt is proposed that. the sedlments in the flutlng were mntlally
agg’lomerated to form the ridge and that pore water dlSSlpatuon agd freezmg resulted in an
“increase.in shear strength to preserve the qutlng Itiis proposed that two zones were
created wrthm the ice, a Iower zonelof stagnant debrls and an upper zone of englacnal ice
which was overriding, streamllnmg and extendlng (Hlllefors, 1973; Shaw, 1979). Atalater
stage the upper ice became stagnant Basal melt out resulted in the forrnation of lenses
and layers of stratified material interbedded with till where some prl.rnary stru'otures_such" |
as shear planes' were preserved 'ln some plades the lower glacigenie'?"'suite was suojected
to slumpung and foldmg during release from ice. These facues are represented in the .
" lower zohe of%he section.’ Melt out of englacral ice which was debrls nch also resulted in .
successive layers of till and stratlfled sedament ‘These sediments were subsequently ‘
. deposlted over the Iowermost glacugemc suite. it should be noted that% stratlfled
sediments do not indicate debns flows because of therr "draplng relatlonshnp with clasts

-of the underlymg and overlymg trlls (cf Shaw 1979) Melt out of englamal debris over -

Ty

(-
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the lower complex may have resultéd in some rotation of clasts a'wav from the fluting long
axis producmg the observed fabrnc patterns This mterpretatuon has been-used for the*
fabrics from the sedrments in the outer zone of the sectnon The flnal stage of melt out IS

marked by the Iowermg of a supraglacual complex over the form Thus is represented by

° the upper till and supraglaclal channel sedlments ) S o
. ) . : . 5 BT " ' ) ' !
'43Flut1ng3 o : S A

4.3.1 Morphological and Sedimentological Observatlons
. This flutmg is located ca240 metres to.the northeast of Fluting 2 lFlgure 4/2 1l at
'an elevatlon of ca. 1060 metres and is found 165 metres to the south of the break of |

slope leadmg to the North Athabasca Tableland {Figure 4z22) The flutlng has a narrow

linear shape wnth a streamiined appearance. The flutlng ridge is- 1200 metres long and 200

. metres wide and the. onentatlon of the Iong axis is 64“—244° Other flutlngs with slmllar

P

onentatlons and of variable length and wndth are founlj in the same area (F‘lgure 4. 20) The .
maximum helght of the flutmg is Iocated at the southwest or proxumal end of the ridge

where the exposed section is Iocated The sel\:tlon is 97 metres long and 6 7 metres at lts ‘

>

highest point in the centre, with symmetrlcal shallow dlppmg convex slopes either’ snde
‘\ , For ease of descrlptlon the sectlon will be dw:ded up mto a Iowe_r zone the central o
zone and an upper zone *The bottom 2 3 metres of the sectnon ns coVered by slump

matenal and therefore no observatlons were made in thls part of the sectlon

The lower zone is consldered as the Iowermost exposed 1 metre of the sectlon

Two facies are displayed within this area a silty sandy dlamlcton and i " & :
"W ('ﬁ ‘ M
. honzontal—subhorlzontal Ienses of stratlfled sand (Flgure 4. 35L~The s“lty san’dy dlamlcton

- contains clasts which are well dnspersed ‘Limestpnes, ¢ uartzntes and sandstones are

dominant. while angular shattered clasts of shales and cla nes are present in minor

- quantities. Most clasts are Iess than 10 centlmetres ln dlameter Large boulders are
- infrequent. Cobbles are subrounded to rounded and’dlsplay pltted faces but little striation.
. The diamicton lsloosely compacted o j-T L 'j | >
| Honzontal and suéhonzontal lenses of stratlfled sand. occur at both ends of the
section Towards the nort_heastern end,of the exposure t,hese stratlfuedﬂ layers areless’

> .
S
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. than 10 centimetres thlck and uptob metrés:long These layprs are Iess common at-the

. southwestern end of the sectlon The strat:fled sdnd is of medlum grade sand and

- displays mlcm rnpple cross—lamnnatlon and small- scale tr_ough cross beds. There is no
evidence to show truncation or ‘cross-'cu'ttlng of these beds by either the overlying or
underlying clasts. Certain clasts from the diamicton show two relationships with the
". . stratified layers; clasts w:thm the d:amlcton appear to deform the sand below and clasts of
- th underlylng dnamlcton are draped in a shallow fashion by the overlying stratified sand
Iay rs (Figure 4, 36). Towards the northeastern end of the sectlon one sand layer dips at |
30¢, Crude laminations are observable in the sand but are poorly developed in comparlson
wuth the horizontal lenses. ‘
“ The central zone of the section is characterised by lar‘ge clayey inclusions, very
. compact diamictons, shear planes and folds. Two clayey mcluslons are well exposed 34
metres .and-4‘6‘metres from the south’west end of the section (Figure 4.37). They are
termed l'-and 2 respectively. Both inclusions are located'ap.pro;imately 3 metres above
| the base ot ,the section. The lowe'rmzost part of,clayey inclusion 1 (Figure 4.37) is covered -
by slumped material an"d therefore any possible contact with the lower'gla.ci'genic suite
'could not be ascertained. However beneath clayey inclusion 2, diamicton was located
/ whuch suggests that the features are dlscrete bodles within the diamicton.

Clayey mclusnon 1. is 3 metres thlck and 5 metres long (Flgure 4. 37) The clay is -

7
P

) grey in colour, (5 Y 741) wuth abundant columnar ;ounts Small flakes of coal are present in .
: _- .the clay but lam:natlons are absent. At the base of the mclusnon the clay: grades toa yellow
. colour 25Y 7/3) and contams fractured and shattered clay nodules. Clay nronstones are
‘also present The upper area of this clayey inclusion is devoid of clasts.
) ' Clayey.lnclusion 2 is similar to inclusion 1 but clasts are absent (Fi@re 4.35). Both
h .thve clayey inclusions are dipping towards the southwest, clayey incluslon 1 at 20°‘and
. ‘clayey inclusion 2 at 30°. A third clayey inclusion, vvhich measures 1 metre in diameter, is
located 1.5 metres from the top of the' sectiqn and 35 metres trom the northéastern end
of the exposure. _lt.lies above a shear plane and enclosed by diamicton. This inclusion
contains small well rounded pe_blales of limestone and quartzite. . 2
A very co,mpa'ct diamicton surrounds clayey inclusions 1and 2. Cobble sizecl_-»'s

-

clasts are dominant and they are well rounded to rounded. Some clasts are fractured and
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Figure 4.36 Relationship betwe
overlying stratified layer.
Figure 4.35). -

en clasts and stratified layers. Note "draping” of clasts by
Position of section, 68 metres from southwest end (see



Figure 4.37 Section through Fluting 3, showing stacked debris. Clayey int;lusion no. 1, is
visible in ¢éptre. Note shear planes above inciusioh and folds (top right). Position of
section, 37 metres from southwest end (see Figure 4.35). - :
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Figure 4.38 Close-up of contact bﬁtwén cla o inclﬁsibn'md v”-’ . o
Note shear plane marking contact - yey R Y _OmPact diamicton.
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shattered The clasts are composed of quart2|tes sandstones and. Ilmestones ‘The matrux
consists of a light brown to yallow coloured sllty clay (5Y 7/3) with a small proportlon of:
. very fine sand. Smiall ’flalé‘;af coal and fine pebbles are found within the matrix. The
- diamicton is massive and widsly spaced subhorizontal joints are present.
Shear planes are found in association with clayey inclusions, very con;pact . ;
diamicton and folds. For example, a shear plane dipping at 20° towards the southwest is*
'Iocated between the very compact dlamlc.ton and the underlymg clayey mclusuon Mlnor
sllckensndes and mylomtlc clays are found in this shear zone together wuth small sand

" lenses. Clasts within the diamicton above the shear plane are crudely oriented parallel to

‘the dnp of the shear Beneath the shear plane the clayey mclusuon displays prismatio and

Qlymnar jomts. The former type are more common towards the upper part of the

A §er|es of asymmetrlc, overturned and recumbent folds is marked by layers of
clayey material throughout the mlddle zone of the fluting section (Fugure a. 35)." These .
" folds d:splay shallow dcppmg southwestern limbs at 25°-—35° and tlght recumbent
| northeastern llmbs The true orientation of the axial plane is noq ‘known, however the’ folds
are thought to be transverse to the former direction of ice flow and truncation of folds by
other forms indicates a degree of superposntlon (cf Whltten 1969) Duscrete |nclu5|ons
. '. of clayey materlal diamicton and sand have been mcorporated wsthln the folds and these:
»materlals are generally oriented parallel to the southwesterly dlppmg limbs (Fugure 4.35). -
The upper unit occupues the top -2 metres of the section and is characterlsed by a
diamicton gravel fill and loess. The diamicton contains rounded to subrounded clasts in a_
A _sandy silty matrix. - The clasts are predommantly coarse pebble size but so:ne large "
7 cobbles and boulders are also observable (Figure 4. 35) The clasts are orthoquartzlte '
sandstone and llmestone Most of the cldsts are pitted and some clasts are striated.

At the northeastern end of the section a gravel fill is present (Flgure 4.35). Clasts
are of very coarse pebble and cobble size. - Most clasts are well rounded to subrounded
and are composed of limestone and quartznte They are supported by crudely lammated

. medium fine to meduum grade sand. Although sedlmentary structures are not easﬂy

* observed within the sand, horlzontal laminations are present ‘A capplng of loess mantles
' the section. 2 ‘ ' . o oL N
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4.3.2 Dlscussmn and Interpretation

0

v

The dominant mternal features exposed by the sectlonare the horlzontaLlenses of -

strattfled sand, clayey mclusuons very compact dlamlcton and tectonnc structures A

v

general stratlgraphuc sequence is as follows The uppermOSt dep05|t is’ an upper _ : ) ','-

= diamicton and a gravel fl" Occupylng the central portnon isa zone of tectonucally

deformed sedlments consisting of very compat:t dlamlcton and clayey mclusuons Sandy

tectonlcally deformed sediments.

v £ g

The silty sandy dlamlcton is mterpreted as a melt out tnll on the basls of it :

"f

assocuatlon with the horlzontal stratnfled layers These fled layers aremterpreted as
' ¥ .

. sediments deposlted in cavmes wathm meltmg |ce as explamed for &Fluthg 2. The

relatronshlp of the stratufled layers to the clasts in ghe tlll also mdlcates a melt out proce,ss

Pe

as descrlbed ‘for Fluting 2. “Itis slgnlfncarlt to note that the pr“esence of dlscrete Iayers of

the folded-complex

v
-

stratified sedlment lying horizontally and subhorlzontally ad Jacen“

may indicate that these layers were. unaffected by the preceedmg tectonlc deformatlon In

;._.\'1

addltlon the presence of undlsturbed prlmary sedlmentary structures wuthln fhe*layers g ey
supports deposition after foldmg Jtis postulated that the melt out tlll and |nterbedded
stratified layers were deposnted by undermeltmg Shaw (1979) ortgunally proposed thls % l
A explanatlon for the sorted layers beneath the folds observed in Rogen moramb ancl,he
noted that the stratified Iayers cross “cut: the folds In thls flutmg sectlonth ";‘folds have

not been cross—cut by stratlfled layers ahd therefore Shaw s explanatlorl may' be only

- ‘.A‘

partlally apphed R o ": S - T ‘

The clayey mclusnons are mterpreted elther as. proglacnal sedlments or: Weathered

-

bedrock which has been lncorporated w:thm lce The presence of. sl-nall well t:ounded

'..u,n .

pebbles of Cordllleran orngm wnthln mcluslons 2 3 4 (Flgure 4, 35) suggest that mmal o

deposition of this sedlment ‘was assocnated wnth a p&ogl c:al Iacustnne or fluvnal’

e

env:ronment By thlS explanatlon small proglacnal ponds and glacuo( uvual outwast'r Were

O

overridden by the advancmg glacner artd some of thls matenal was lncorporated rnto the s

ice as frozen ‘erratic blocks. The absence of lamlnatlons wuthln the uncluslonsmay reflect
alteratnon and reworklng by ice or they may represent orugmal masswe beddlng of' the
mcorporated material. In the case pf clayey mclusion 1 the presence of clay—lronstones, -

y - : ,"‘f-. . . v
; . A .

’ P
.

]
.




resembling nearby bedr}k indicate‘s that theyfhave been derived from local Tertiary
~sediment, and consequently thé entire Unit may be. of Iocal origin. :

The presence “of folds and shear planesfﬁwdlcates that ice. flow was compressnve

These phenomena are often assocuated with ice sheets which are frozen to thelr bed in

thelr outer margins (Moran 1971 Boulton, 1972 Berthelsen 1979 Shaw; 1979 Moran

et a/., 1982) This will be dlscussed in more detall later It is noteworthy that the shear

plane's are“}commonly assoc:ated with clayey 1nc|usno‘ns suggestlng thrustung of such erratic
blocks frém basal layers of the ice. It is possible that the presence of water in the clay
layers inhibited'complete freezing of the bloc_ks and acted as dec?llernent planes to. .
facilitate thrusting. ' . - L o

The very compaét dlamlcton in the central part of the sectlon assocnated with, the
. clayey mclusnons and folds is lnterpreted as glamotectonlc deformatlon sediment. The .
term tlll is not used dlrectly here as there is still some debate as to whether sucha |

sediment constltutes “till" (see Schluechter 1982). The lateral repetmon of diamicton with

- clayey inclusions and slickensides along shear planes mdlcates that the dlamlcton has been ‘

stacked folded and thrusted under pressure from the southwest and the configuration of -
eformed beds corresponds closely to glacnotectonlc structures reported by Moran
(1971). The compactlon ol‘; tive sediment and the presence of subhorlzontal jOIntS within-

the diamicton are thought to be the result of ice Ioadlng and shear. The response of the

;sedxment to these processes may have resulted in water expulsion, compaction and brittle

*fracture rather than fluid flow Boulton 1970b). -

The uppermost unit is interpreted as a supraglacial melt out deposit. The upper 2
duamlcton is: mterpreted asa supraglacnal melt out tilt and the presence of large, well -
rounded boulders may |Ilustrate that there has been reworklng of these. clasts by

glacnofluvral actnvnty The gravel fill, on the other hand, is mterpreted asa supraglacnal

) stream deposnt and it provndes support for the mference of lowering of the uppermost

 unit onto the underlylng glacuogenuc sedlments This is given by the undlsturbed nature of

glacnofluvnal gravels whlch are underlaln by hornzontally'lamlnated sand on the northwest
slgpe ‘of the flutlng sectlon Loess has been deposnted over. the form subsequent to

wnthdrawal of |ce from the area



4.3.3 Fabric Analysis

Eleven fabric samples were taken from the section. Seven two—dimensional Rose

diagrams (Figure 4.39) and four three—dimensional fabric diagrams (Figere‘ 4.40) are ‘

. presented. The Rose diagrams will be discussed first
Fabrics A'and B were taken from the melt out till at the southwest end of the

'exposure (Figure '4.3’9). These fabrics are.mpltimodal and show no preferred orientation

although fabric-A displays both parallel and transverse peaks. These fabrics are thought to
/ - .

be characteristic of melt out till which has, been 'd'isturbed by flow (cf. Shaw, 1982).
Fabrlcs D, E and G are located at various helghts on the fluting section and are
dlstel to the central folded zone (Flgure 4.39). They were obtained from the basal melt out
till which is found in assocuatnon wuth horlzontal stratlfled sand lenses Each fabric sample
‘ .dlsplays a ummodal pattern with orlentatlons ranging generally from 60°-100° The long
axis of the form is 64°-2440, Slte D is parallel to the form whereas sites E and G have
subparallel orientations. rThese fabrics (D, E and G) are takenJe mducate ice flow directions
which have been preserved durlng meltlout ln the centre of the section fabricsHand G’
. are Iocated in the ver-y compact diamicton (Figure 4. 39). These fabrlcs display unimodal -
patterns and they are transverse to the durectaon of the fluting long axis. These patterns
_ areto be expected in such a fold complex '
' Fabrlc sites 1A and 2A are located in the very compact diamicton {Figure 4. 39)
Sité 1A is sutuated w|th|n the’ dlamlcton 1 metre to the southwest ofclayey mcl_usnon 1.
Site 2A is located at the same elevation in the very compact'diam.icton 'mldyvay between
clayey inclusion 1 and 2 lFigure 4.39). Fabric 1A and'2A-'-are l:>oth transv'erse to the form
and show S, values of 0.66 and 0.79 res‘pe‘ctively (%ure’ 4.40). This demonstrates that
there is a high degree of clustering anouno the principal eigenvector azimuths in both .’
' cases indeed, fabrics | liA‘v'and 2A show the str_ongest S, values tor all fabrics undertaken
i this study.‘ _Thus cle’a‘r_:bipolar patterns are o_isplaye_d by th'e’ fabric diagrams. The
assotiation of the hlgh strengthfof fabric-2A with thecentre of the fold complex is
expected from a zone of maX|mum compression. ln this” area clasts have been rotated at _
rlght angles to former ice flow in addltlon at these sites the lncllnatlon of the azimuths
for the’ prlncnpal elgenvectors is, low (6°— 159 and may indicate that the angle of plunge for

" "the fold complex i is low

‘)



. -
BANY
= . , L/
)] -~ A PRI ’ ‘ ) ) -
& ‘£ 'Bunni4 UO SUORED07 OLIGR GE Y 8nBi
$3uqe) 05 N , . . : - i : ’
| wonzango 05 269t el . T ON-Yunin|y aat.dews woprIo)
w 26 T w §9 w'ig ) w o5 woy weE : e ’ ) : o
T T T Vi - | S T — 1 3 1
K
UOIWRIP (M PIPPIGIAIUL SISU PUES PIYNENS aE s e podungs o wkz  * .
- ’ . $2503) pUTS PAINENS UM | Aq pain3sqo unoy jo duoz ¥t R L. suay jRIvozLIONGRS
(@s's) vorywep Apurs Ayig - j . Lo s -[RIV0Z{I0Y UY SPURS PILJRTLIS
‘ oo - - \ .
’ - wnpaaged . ﬁ / . .
N epamew paduny g g
: N \Ilr v P
e} . . wyt | L
T ON uosnpuy Kadey  H g A .
o > -0t . | ass .
. o EI Lo vlsopu | - _
- .
Yl hn \J Ve | . .
T eVl o “ 1
AN, B v
Amv—
) . : ; R CQ's’s) voriuep :.m.m» s,
suaf |3A0D ) i (1)) suonsnpuy Aadeyy - R ’
uolwtIp 146N . Do . -
sourjd eIy .
! - Io ool X ’ ’
- T - o oo. ' - -
. (CFYA) voniwerp 1edwod hap L
(H9T-29 bamq - . ) . .
wacy )0 saw Buoy) ) - e ) . : . : - -
«— 09 ' . . ’ . S - oIV
g
H
’ i
e .
\\\ -
— - . -l
\ .
) -
P



100

‘R m= 1475 R ='2220° R = 2896

A =163 : A=37 A = 189°
§ = 066 s, = 0.79 5, =064

Ro= 2134 _ , |
A = 319° - S s
5, =-0.54 I ' S

" anure 4, 40 Contour Plots of Indlvvdual Fabncs Flutmg 3
See Fugure 4.38 for Sample Locatlon Contour lnterval is. Twp Slgma

R
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Fabric 3A was obtained 0.5 metres below one of the limbs of the fold complex in
the melt out till (Flgure 4.39). Ithasa moderately high strength (S,=0.64) but a preferred

orientation which is rotated 20°-30° clockwise of a transverse.posmon (Figure 4.40). It

shows'convergence vtowards the fiuting axis and and'is thought to indicate lee—side
agglomeration of debris downglacier from' the fold complex‘ ' . -
Fabric 4A was obtained from the melt out deposit at the northeast end of the
' section It is different from the other three—dimensional fabrics becauses it has a relatlvely
low strength (S,=0. 54) and shows a girdle dlstrlbutlon it should be noted that whereas
sites G, D and E are generally parallel to the flutlng long axis, fabric 4A is generally
transverse to the form.. -ThlS fabric may be explamed by reorlentatlon of clast long axes
by melt out-or alternatively by lee—side agglomeratuon of debrls .
L in summary, three groups of fabrics are revealed First, the multlmodal
N orlentatlons of sites A and B are strikingly dlfferent from all the other ‘fabrics and are
taken to mdlcate melt out and subsequent redlstrlbutlon by flow Second, fabrics 1A 2A
C and H show a hlgh degree of conformlty at rlght angles to the former ice flow. These
Ifour ‘samples were obtamed from’ the folded and “stacked, central diarmicton and likely
mdlcate compressuve flow Thll"d fabrtcs distal to the fold complex are generally perallel
or convergent to the flutlng Iong axns ‘These fabrlcs are thought to represent the former
| - ice’ flow Thelr preservatlon |s also. characteristic of melt out cond:tlons Fabrnc 3A may
N . mdlcate that ice’ flow was convergmg f : o ' B ke \‘ .
‘ lt is. notable that at thls sectlon fabrlc analysus may be used with more confndence
than snmllar analyses for Drumlln ‘l and Flutlng 2. Thls is in part due'to the presence’ of
' clearl dlfferent tlll/dlamtcton unlts Each un|t dlsplays similar- fabrlc patterns within it -
77 which vary s:gmflcantly between umts Furthermore sedlmentologlc evsdence structural -
. observé\tuons and fabric are corroboratlve A summary of three dlmensmnal fabrlc data
for the three streamllned landforms is presented in Tabl 4 'l : '

W .
v

4 43.4Landform Genesis .. R L
. " n recent years there has been a growmg rnterest in glacnotectomc processes
SN

partlcularly for research undertaken in Scandunavna (Berthelsen, 1973 1979 Aber 1979
. Shaw, 1979) and in North-America (Kupsch, 1962; Moran; 197‘l, Moran etal., 1980). :

B
<
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4]
SAMPLE NUMBER  VECTOR STRENGTH EIGEN VALUES PRINCIPAL AZIMUTH ~ EIGEN VECTOR PLUNGE
(R) (s,) (sp) (S,) (A .) - S
DRUMLIN V.~ ‘ o :
1A ~ 20.82 . 0.50 0.34 0.16 -~ 135.8 1.0
2A 30.86. 0.56 0.28 0.16 S132.3 33.9 |
o e 3A 19.25 0.hi 0.(00 0.15 343.0 - 7.8
FLUTING: 2. - . -
1A . 23.82 0.53 6.39 0.07 248.1 274
2 20.98 0.53 0.37 0,10 150.6 - 2.8
3A 25.57 '0.56 0.28 0.16 .286.0 .18.2
T 18.38 0.52 0.32 0.16 210.3 < B.2
SA - 19.86 0.49 '0.35 0.15 - 237.2 _ 0.3 ..
6A" 15.06 0.59 0.28 0.13 183.6 : 3.3
FLUTING 3. e ' ) '
1A . 1h25 0.66 0.22 0.12 163.0 6.2
2A 22,20 " -0.79 0.12 0.09 317.0 15.0
3R 28.96 0.6k 0.22 0.14" 189.4 26.5 .
T © 21,34 0.54 0.35 0.1 319.4 1.0,
' . . .
\‘\\ ‘,
\_\\
i
\, - ’
N
N
"

" Table 4. 1 Summary of Three—dimensional Fabric Data. -



Pl . —/l ) s . . Y
g / ‘ { . :

e

: rThese duscussnons have addreesed the problem of large scale sedlment deformatlon W|th

respect to gIac:er posmon arld concluded that subglacnal thrustlng and proglaclal thrustmg

" are dommant processes. Moran (197 1) presented a comprehensuve analysns of

A 08

K
44444 -,

- large scale subglacial tnrustung and” later modufoed some ofthese ideas (Moraneta/
1980) In these papers it was proposed that thrusting takes place in the thm marginal,
e
"frozen bed zone" (2 3 kllometres wnde) where the glacre\' advances over permafrost

Aber (1982) expanded thls theory and proposed that Iarge scale sedlment deformation

involves two stages l) initial stage of proglac:al orice marglnal thrustlng and stackmg of

"floes” durmg glacier advance over permafrost 2) subsequent stage of subglacnal sheanng

‘and penetratlve deformatlon of previously thrusted "fioes".- However it has been i

demonstrated that large—-scale sedlment deformation occurs ina varlety of posntlons |n or
~.near a glacier and under: dlfferent gIacuer reglmes " For example, Shaw-l-1977a Figure 4)
- showed that foldmg of debrls rich ice occurs in an englacral position in the cold—based

: Taylor GIaC|er Antarctica Goldthwait (1974) and Mlckelson and Berkson (1874)

-demonstrated that .during glacier retreat t|l| rldges or "minor moraines” are formed by .

squeeze up” of basal till into transverse crevasses under the termunus of certain Alaskan -
~

o _glacuers In other studies, however, the orlgln of transverse moraines resultlng from "ice

", push” have bden ascribed to frontal readvance of an ice margin durlng a period of of )

general recessuon (Elson, 1968; Chrrstlansen 1979) Thus gIacuotectomc landforms may
be generated dunng |ce advance and retreat involving subglacral englac:al or proglacral
) posutnons affected by glacral pushrng and/or overrrdrng ‘ . -
Fluting 3 dxsplays a sequence of folded and stacked debris at the proxumal end of ©

the rldge In the lee of this complex a melt out depos:t contalnlng horizontal stratlfled

ayers demonstrates that deposition occurred after deformatlon On the basus of mternal '
structure and fabric, thls flutmg is consndered comparable wnth Rogen moraunes descrlbed

- by Snaw (1879) and it may be that the form was generated by snmllar processes.. lndeed

there is a strong case- -for supporting the contention that under certaun cnrcumstances

ki

: Rogen moraines may develop into flufings..

The questlons are under what condmons did the stackmg and foldlng of debrrs take :

place and was the debrus fq.lded subglacually or proglacually7 First,. cons:der the ldeas of

Moran et al., (1980) They proposed that stacklng and thrustmg of debrls occurs anng a

¢

v
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‘narrow zone at the glacier margin which is frozen to its bed. During advance, slices of

' permafrost may becomeé detatched from the substratum, frozen onto basal ice and

: Jtransported'forwar'd This mechanism es'sentially involves plucking of large blocks’of .

materlal from the bed (Moran etalr; QBOFThey postulated that opt:mum conditions

. occurred where the glacver advanced up-— slope and over buried aquifers. lt has also been

 weak to support thrusting. Consequently, Aber argues that a substratum con5|st|ng of

and warm interior advandés over permafrozen strata (Aber 1982) Aber suggests that if |

 the substratum is of hard rock oris. frozen to a great depth, some erosion may occur

rather than thrustlng On the other hand, if a soft unfrozen bed is present it would be too
soft rocks and sediments which are permafrozen in the upper, several tens of metres,
provndes a situation conduc:ve to thrustmg ‘ |

It is possible that hmntedpermafrost exnsted in front of the glacler whnch advanced

down the Athabasca River valley i in the Hlnton/Edson area and the presence of soft

—

. ‘permeable bedrock in the area may have offered ldeal condmons for the development of

confined aqu:fers at and under the glacner margin. This may have produced elevated

rpore- water-pressures which facmtated decollement m a manner descrlbed by Moran

(197 1) Moran et a/ {1980). Alternatlvely the ice may have thrust materlal proglacually as

*descrlbed by Aber (1982) Both these models would permlt marginal or englacnal stacklng

of debrls If this is so, then the glacuotectomcally deformed sedlments i Flutmg 3

, consnstlng of local bedrock glacuolacustrlne sed|ment and diamicton, may be explalned

Subsequently, thls debrrs may have. been streamllned and moulded under thawed bed

condltlons by the overrndlng glacier: to form the flutmg (Moran et al., 1980)

-An alternatlve explanatlon for the stackmg of debris i in Flutmg 3is presented by

-Shaw (1979) in h|s dlscusswn of Rogen morames Here, a SB!'IBS of overlappmg units is--

Lcreated by small- scale overfolds in basal debrns-erlgch ice under compressuve flow e

- _condltlons Further folds whlch are formed upglacner in more rapldly flownng ice then

catch up wnth these dlstal folds creatmg mor\; stacked folds that are eventually thrusted

'and buckled These are subsequently overndden ina manner slmllar to that descnbed by
: ‘Boulton (1970b) so that: stagnant debrls rnch ice occurs beneath actlve debris- rich ice.

Thls explanatlon |s also apparently consustent with the observed stacked complex at the

‘ suggested that'ice margmal thrustmg takes place where an :ce sheet wuth a frozen margun o
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proxnmal end of the sectlon i
| Two possuble explanatlons have been presented for the stacked debrls Itis .

o suggested here that the stacked complex is representatuve of folded debrls—rlch icein -

. inference of compressnve flow in the stacked zone and ire conslstent wuth a basal
thrusting mechanlsm under an ice margin. It is proposed that subsequent to stackmg |
.materlal was added by a process of Iee s'Ide agglomeratvon and streamlmg to form the
fluting. In thlS case debrls and ice: were transported into the low pressure zohe in the lee
.of the stacked debris. The apparent pa_rallel vorlentatlons of the fabrlcs distal to the folds )
" (C,' D and E) may illustrate this process and fabric 3A may indicate c‘onvergence. Thus the
general flow conditions may have beén similar to-those descrlbed by Sengupta (1966) forﬁ‘ﬁ""
current crescents it is postulated that in the proximal zone of the obstacle compressuve ('

flow condltlons were present. whereas dlstal to the obstruction the flow in upper ice was

extendrng At some stage stagnant ice condltlons occurred in the Iee of the obstacle

- Because oné would expect dlfferentlal flow between upper and Iower lCB streamhnlng L

- ‘and flutlng of the lower debris should occur (Shaw, 1979). The response of the movmg
~ basal i ice to the obstacle may be comparable to the condltlons described by Boulton . . é 4
' (1970]:)J Flgure 5) whereby basal debrjs becomes mcorporated into an. englacual posltlon to”
' produce hlgh englacial debrls Ioads in the upper lce S : . ’
‘ With the onset of reglonal ice stagnatlon melt out becomes the dominant process
The horlzontal stratlfued sand lenses mterbedded with melt out till.are thbught tobe
o syndeposutlona\l and onglnate in cavntles wnthln meltlng debrls—nch |ce The flnal stages of
fluting deposmcn wpre marked by the release of supraglacnal debris, mcludlng a channel fill .
over the fluting form Durlng thls process the tlll now formlng the upper flarks of the
’ rldge may have been redlstrlbuted by flow. This is consnstent with fabrlc patterns A and
' B. Loess was then deposlted over the form. _ '
. _ An alternatlve mterpretatlon to account for the streamllned nature of. Drumhn 1 _' : '
: Flutmg 2 and Flutlng 3 may involve: the role of: meltwater Extensnve networks of . A
meltwater channels occur perpendlcular to the trend of the Athabasca Rlver valley
: between Entrance and Obed (Figure 1.5)." In thls area meltwater channels sometlmes

7

cross—cut streamlined landforms’ (Flgure 4.20). ln addmon, meltwater may have been

E

whlch thrusting has occurred—The fabrlc onentatlonst 1A 2AC-and H)support the ———
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" channeled in the troughs lying ga_rallel to thellgng-‘axes of drumlins énd_ flutings (Figures

»4.1, 4.2 and 4.20). The effects of limited, meltwater eroéion may have been to enhance -
and streamline drumlins and flutings during and after their em’ergence fromice. To what

extem—'th&streamlinedﬁforms—in»{he»Hinton/Edson-’area-are‘;the-product-Cf-meltwater '

activity remains speculative but it is thought that the role of fluvial erosion during

deglaciation may be part of an integ'rated explanation of their forms. Landform genesis is
. summarised by Figure 441, o

N /"j
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v .
STAGE 1. MMMMO!W&WM&NWmln
~ “frozen-bed zone™.

STAGE 2 Development of transverse feature similsr in origin 1o 8 Rogen morame {see
Figure 3.1) with lee-side sggiomerstion of debris downice of obstruction.

Active ice stresmiming form

i
%9// . inles of cbstruction. -

Vo <
 STAGE 3 Stagnation snd melt out

STAGE 4 (with change in scalel Fisting shows proxims! stacksd debris with basal meft out
- wwmwyhmofmmmwu.as) . . .

‘ Figure 441 G'en_esis of Fiuting 3



5. SUMMARY AND CONCLUSIONS
2

5.1 Introduction

The- purpose of-this-study-was- to determine-the- genesrs of-certain-streamlined
Iandforms in the Hinton/Edson area. Detailed stud|es of three streamlined Iandforms have
been presented. In this chapter'formatuonal processes for these three landforms are
disoussed and a genetic model is advanced for drumIAin and flutiing develo‘:pment An
additional objective is to evaluate earlier proposals for the origin of drumlins and flutings
and test these against the observed properties of.the streamline'd forms in the
Hinton/Edson area‘ o | |

-In considering the three Iandforms together it is realised that the positions of the r,l'. v
sections through the forms are not ndeal The sectlon through Drumlln 1 is oblique to lts
main axis, the sectlon through Flutlng 2 |s ‘at its distal end and the section through Flutmg 3' :
is at |ts prox:mal end. Howaever, given the sumllarmes in their composntlon structure and '

stratigraphy, it is felt that generalisations regarding thelr‘ genesis are warranted.

’

>
' 5:2 Summary;. of the sedimentological characteristics of the forms
5.2. 1 Upper Sections .
. An upper till and gravel fill oceur as the uppermost deposits for each Iandform
The upper tllls, taken together are characterised bya sandy silty matrix with an abundance
of pebbles and cobbles which are well rounded to subrounded thhologlcally, the
dominant clasts are hmestones and Gog quartz:tes from the Jasper area: " Gravel fills are
found i in- assocxatnon wnth the upper tulls These show fluvial characterlstlcs each deposnt .
having rounded pebbles and cobbles in a' matrix of medium sand which displays honzontal
. Iaminations.' Ea,oh 4gr_ave| fill is a;discrete entity with no interfingering of till. Evidence for : :
" sediment. flows is therefore lacking and it is consequently concAI'uded that the upper tills
iare supraglamal melt out deposnts and that 'the gravel fills are supraglacnal fluv:al channels
- These deposnts were lowered durlng ice thlnnlng by dlrect msolat:on fluvnal thermoeroslon

and sublnmatnon Subsequently, Ioess covered each form

108
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5.2.2 Middle Sections

, Middle tills are present in_'Drumlin 1 and Fluting 2. They are characterised by a

sandy silty matrix with a high proportion of rounded cobbles. Lithologlcally -thedbminant

o

clasts-are-limestones-and-quartzites-from- the~ ~Jasper- area although some-locally- derlved
clasts lncludmg sandstones and shales are present in minor amounts Stratlfued sand and
gravel occurs as nntratlll beds wnthm the middle section of Drumlin 1 and Fluting 2. in -

Fluting 3, these sediments occur in proxnmal and distal positions with respect to the central

folded deti¥is zone. The stratified sediments form layers, lenses and tubes througjh till.

Primary structures within these sediments include micro ripple cross—lamination,
small-scale trough cross—beds and horizontal lamination. Deformation structures occur in
some stratified sediments and include faults, folds and injection structures. Three

stratified clayey bands are present in the middle till of Drumlin ‘l These beds are

lamlnated sorted and associated with blocks of structureless sand

" There is considerable evidence that some lenses of stratlfled, sorted materials,
interbedded with diamicton, are‘formed by melt out (Shaw 197 1,1979; 1982;
Johansson 1972; Bouchard 1980; Lawson, 1981 Haldorsen and Shaw 1982

, Proudfoot (personal commumcatlon) Such is the case in the mnddle sections of the

streamllned forms dlscussed here. However a number of workers (Boulton 1968 1971,

1972 Lawson 1979) have also identified stratlfled layers in assoc:atlon with dlamlcton

- which they have mterpreted as sediment flows It is clear that both processes ae - '

operatlve in modern glacual environments (Boulton 1972 Lawson 1979 Shaw 1982) and

amajor problem is finding crlterla which permlt d:stnnctlons to be made between row

facnes and melt out facues in Pleistocene deposuts (Hal%orsen and Shaw, 1982).
| lt should be made clear that the stratlfled clayey bands in Drumlin 1, whlch dlsplay

stratlflcatlon and sorting, are not considered: lmar melt out features Itis ro osed that
a, P\) Y prop

_these bands represent layers of sedlment mcorporated in the ice, Wthh have been

subseauently released wnthout dlsturblng thelr prevnous structures

' RO The mlddle sections of Drumhn 1 ahd Flutlng 2 and the sedlments to the proxlmal

- and dlstal end of the folded zone in Fluting 3 qxhnblt melt out structures and therefore the

.tlll is classxfled as a melt out deposut Several examples of melt out structures observed in.

-thnsstudyareasfollows ..\.\" : R _‘ S
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v ‘ ’ o
(a) the widespread occurrence, both horizontally and vertically, of discrete Ien_ses;of‘
stratified sediments. | . ‘

3

| (b) the penetratlon of clasts from overlynng till into extenslve stratlfled sorted

lenses-(Drumlin_1)

(c) the convex—upwards nature of the contact between extensive, stratified, sorted

lenses and the overlying till (Drumlin npp - ’ R o
(d) the draping%atified, sorted lenses :over clasts of the underlying till (Fluting 2
and Flutmg 3. ' ' ' ’ | 4 oo
{e).the well preserved nature of the sedlme‘tfry structures in the Ienses

(f) the presence of honzontal Iayers of stratified sedlme@s that are found in

- association with folded and sheared umtsgmdncatlng:that the stratlﬂed |ayer,s w_ere .'

v deposited after deformation

ve may also. be representatvve of sedlment

) Whlle some of the propertles gNen ]

(h

flows, propertles {b), {c) and (dyare consndered dlagnostlc criteria. for melt OUt For

example it would be dn‘flcult to: reconcnle property {c) within Drumlm 1. W|th a process

mvolvmg sedtment flow and far easler to explam the drapmg relatlonshnp (d) from Flutmg 2

VE
and Flutlng 3 by melt out

e K

5.2.3 Lower Sectlons ’ e R
~ The lowermost sedlments in Drumlm 1 and Flutmg /\ s;st of tlll whlch contalns-g;

hugh proportion of locally derlved clasts consisting of sandstones coal and mudstones -_'.flflt:

together with further-—travelled hmestones and quart2|tes Local transport and Iack of
_ commmutlon is illustrated by angular sandstone boulders |n the Iower till of Drumlm 1, .

i S

;The clayey mclusnons in Flutmg 2 and Flutlng 3 are also lnterpreted as local glaorolacustrme

[ o A -

t sedlments derlved from the substratum

Tectomc features, Wthh mclude shear planes and folds are common ih the lower -

sectlon of. Flutlng 2 and central zone of Flutmg 3. These features At‘ogﬁether wnth the .
seduments they deform are thought to demonstrate thrustmg and stackmg of basal debrns B
in the ice. In addltlon the chaotic nature of the sedlment nn the lower sectlon of Flutmg 2

) may lllustrate agglomeratuon of basal debrls—ruch lce The presence of some of the

-tectonlc features in the deposlts are attrlbuted to melt out whereby certaun structures -

-~

h oL . - e _,..,

“ .

GV



were preserved. T

- 5.3 Summary of Fabric Analyses )

Fabric analyses of the three sections raise some unresolved questions concerning

.-sample

. e
' sensutlve crlterua wnII be produced for the genetlc mterpretatlon of tgll

' s:gnlflcance of tnu fabrlcs as a means of provung or dlsprovnng hypotheses may be o

_the use of this” method in genetlc process mterpretatlons In partlcdlar one question |s

~ how many measurements are requlred to provnde a representat«ve sample of each form7

- Seventeen, fourteen’ and eleven fabrics were takeny on Drumlin’ 1, Flutlng 2 and Flutlng 3

respectlvely and these samples are consndered adequate. However with fabrlc analyses lt
is always dlfflcult to’ know how many mvestlgatlons are necessary for a representatlve

) It is also clear that testlng fabrlcs by, three dlmensmnal analysis- does not
necessarlly clarlfy our understandung of Iandform genesns However ‘three— dlmenslonal
analysns using contour plots wnth two . sngma mtervals is recommended as it permlts
compansons with other work 'in thls fJeld (Lawson 1979 Shaw 1982) It rr(ay be that as

thls technique becomes more widespread and standardlsed in fabrlc stucés more

5-

In thls study till fabncs in the streamlmed forms_ do not alwalys show strong

o patterns For example on.Drumlin 1, Six- out of fourteen Rose d:a' rams do not dlsplay

‘ deflmte preferred orlentatlons ‘This * 'negative’ eV|dence may be ‘Si anloant in ltself but

\,l

_ _makes process mterpretatuons dlfflcult It could also be argued_tba/t suéh patterns could
' be used to support vurtually any process which.is chosen The reason for thls is that so
B _ many processes can produce similar results lBoulton 1971 p. 70) In contrast flve out of

“sgven Rosedlagrams on Fluting 3 dlsplay- fabrlcs whlch do show strong preferred .

or lons leen such varlatlons it appears that placmg too much emphasns on the :

N unwarranted (Menznes 1979) RN

ln terms of genetlc copclus:ons from the fabnc data Wthh show preferred

‘ orlentatlons there is ‘some support for coianreSsave ice flow in the proxlmal zones of the

streamlmed forms (Drumlln 1 and Flutmg 2). However in the: dlstal zone of the streamlmed

"

forms Flutmg 2,in partncular fabncs are generally parallelto ice flow dlrectnon or

- convergent wsth the long axes of the streamlmed forms In addxtlon a sugmflcant number .




-
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of individual fabrics are not the resuit of ice dynamics but display patterns assogiated with
collapse, flow a_nd slumping. These processes have'occurred during or after the release
. i « ' ' .

of sadiment from ice.

5.4 Drumlin and Fluting Genesis . . - ‘ : L s

From the observations presented, it is possible to postulate a general sequence of
events Ieadlng to the formation of certain streamlined forms in the Hinton/Edson area. It \
should be noted that because process explanatlons have been mferred from only three
sectlons not all streamllned forms should be lnterpreted using the, same mechanism. The

.'explanatuon presented here provndes a model agalnst which other streamlmed forms in the
Hlnton/Edson area should be tested '

The controversual nature of drumllns and flutmgs has resulted largely froma
reluctance by various workers to accept the concept of equuflnallty whereby many
processesl may produce morphologically similar landforms.” A certain amount of dogma-
'(Gravenor 1953 Clayton and Moran 1974) has surrounded research in this fleld anditis ‘

- probable that no snngle explanatlon will 'ever account for all drumllns and flutlngs

. . From the observatlons it is proposed that folding.and stacklng of debrls has acted.

f as 2 an |mt|at|ng pomt for drumlm and flutmg formatlon Thts ns clearly dlsplayed at the

proxmal end of Flu j

1.3 As for Drumlm 1no trigger mechamsm is dlscerned due to the |
-posntlon of,the gttion w' h respect to the gross form. ‘ _
Folded and stacked vdebrls may be produced ina number of ways by stackmg basal_
. debrls in compresslve flow zones near a gIacner margm (Shaw 1979), by stackmg and
overrldmg permafrozen "floes" beyond an ice margln (Aber 1982) and by Iodgement of “ '
~ debris in the proxnmal zone of bedrock obstructaons (Glllberg 1976) Thrust terrain. .

' _(Moran 1971 Clayton and Moran, 1974 MOran et a/ ( 1980) Fenton 1983) has been
proposed for the. lmtlatlon of streamlmed terram in the Prairies of North Amerlca This \ :
' ,process@related to thrustmg ina "frozen-—bed" zone, two to three’ kllometres wude at the

glacner margln Both the’ process explanatuons of Shaw (1979) and Moran et a/ .(1980),

' »seem to prov:de the "tgest flt" for the genesns oj Flutung 3 By these lnterpretat/;ls a

K -transverse feature samllar |n ongm 1o a Rogen or Rxbbed morame (Lundqvnst 1969) acted

R ‘as a nucleus for flutnng formatlon Companble observatlons were made by Aario (1 976
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1977a and b) for crescentlc rldges in Finland whlch are found in association W|th drumlins

and flutings. He notad that crescents have been observed frequently at the proxlmal sides
of drumlms Thls evidence may be used to support a hypothesus proposed by Shaw

(1979, 1880) that Rogen moralnes may develop into drumlins and then into. flutlngs The

morphology of Drumlln 1, may indicate a transitional phase between a‘transverse__form and

- a"classical’ drumlin. In this study the evidence does not show any fundamental .~

stratigraphic differences between drumlins and flutings and morphological variations are -

- the ma Jor.dlstmgunshlng features Hence they appear as transntlonal forms.

The explanatlon proposed here for the streamllned forms is that folded and

stacked debrls has developed as a result of a thrustlng mechamsm wnth condltuons slmllar

- to those descnbed by Moran et a/., { 1980) and Aber (1982) where ice and substrate were

frozen with resultant glacnotectonlsm durlng glacnal advance. At alater stage under

"warmer condltnons flnal moulding and stream ning occurred W|th flow condltlons
analogous to those descrlbed by Sengupta (1966) for current crescents By this’ |

' N

: explanatlon a zone of Iaterally dlvergent flow is expected |n basal ice at the proximal end

. of the obstructlont in the lee of the obstacle, a low press_ure zone'is expected where

_fthere is convergent flow on the outer part of the fan developed- in the "wake" of the

: obstructlon In the zone lmmedlately distal to the obstructlon azone of slow deposition

would occur In the upper ice the flow is thought to be overrldlng and may be parallel or

' extendmg (Shaw, 1979) Under these condltlons pressure meltlng on the proxumal slde of

. the transverse feature is expected (Boulton 1975a) The generatlon of meltwater in the

proxumal zone of the. obstacle is Ilkely to produce two effect§ flrst |t would enhance

: basal slldlng in. that area and second meltwater may mlgrate towards a lower pressure .

zone in the Iee of. the obstacle aﬁd may refreeze (Boulton 1970a 1980) The
development of a cavu;y whuch is filled wnth a slurry Ilke materlal meltwater and ice |s
envnsaged in the lee of the obstructlon Therefore the propertles of the deposnts should

dlsplay some of the characterlstlcs of.lee— sude tlll (Hlllefors 1973) lodgement '(Ill and

N 'sedlment flows Subsequent to the deposltlon of the materlal dewaterlng and refreezung

of the sedlments are expected anferentlal flow between debrls—nce mlxtures is

cons:dered to haVe retarded flow in the lower zone (Russell 1895) and the- effect of

overrldlng upper nce is thought to have produced streamllnmg (Shaw 1980) The upper

‘v



position up-ice from the transverse form
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ice may have incorporated some debris by thrusting (Goldthwait, 195 1) or basal freezing

-(Weertman, 196 1; Boulton, 1970al. These sediments may have been derived from a basal

b

Itis noteworthy that Jones (1982) investigating the Lac La Biche drumlun and flutmg

(S

Sl here

- amount of matenal avaulable in the ice whlch was. transported to the le

fleld Alberta provided support for the model proposed by Moran et al., (1980). He
suggested that drumlin and fluting formatlon involved thrustlng and plucklng of blocks of

basal debrls under."frozen- bed" conditions and compress:ve flow Jones (1982) also

‘ postulated that under "thawed— bed" condltlon<ss materlal was transported to the lee of the
B obstacles asaresult of converglng secondary flow cells (cf. Shaw and Freschauf 1973)

In tb(e Hmton/Edson area, Flutnng 3 supports a process of thrusting am:Lstackmg of debrns

wuth lee sude agglomeratlon However the fabrlc patterns in the lee of. the stacked

complex do not support durectly the secondary flow motion proposed proposed b( Shaw

and Freschauf (1973) and Jones (1982). Therefore .an explanatlon lnvolvmg enhanced

o plastlc flow (Weertman 1957) wnth lee snde deposmon (Hlllefors 1973) IS preferred ‘

v -

. The size of drumlms and flutungs is consudered to be dnrectly dz/eaient upon the \\f

side, the s1ze and

extent of the cavuty the duratlon and consnstency of ice flow and)the sedlment carrled by

: "_streams mto the. cawty It lS also thought to be related to the shear strength of debrls lce e T

mnxtures and the stresses apphed by glamer |ce (Reed et al., 1962 Hl” 1968 Smalley and

Unwnn 1968 Gravehor 1974 Rose and Letzer 1977) - With, stagnatlon and cllmatlc "
‘ amelloratlon meltlng of debrls—rlch ice resulted in deposntlon of t|Il and stratlfled rnaterlal '
: Englacnal meltwater tunnels and cawtles became fnlled wnth stratufled deposuts whlch were '

e preserved as lntratlll beds and were "Iet down syndeposmonally as melt out till.

Supraglacnal sedlments melted out at the same time: and the thnckness of these deposlts -

N anuIated upper |ce so that surface meltlng was arrested Undermeltlng and }
S ;underconsohdatuon of till Ied to slumpmg foldung and faultmg of till and some mtratlll
K 'sands Certam prlmary fabncs were altered durlng .these processes However other
i fabr:cs remauned unaffected by- secondary processes and charactense ice: flow condntnons. ,
v -",v,as they were preserved by slow release of englacnal debns Fmally, supraglamal seduments , ' L

-?were deposlted over the drumlm and flutmg ndges to mantle the forms and loess ‘was.’



deposited.
g . . :"jlv‘ .
5 5 Concludmg Remarks and Recommendetlons -

Three streamllned Iandforms have been interpreted i in terms of a comp05|te
G

process model mvolvmg erosnon and deposrtmn Drumllns“and flutings are seen as -
developlng from transverse features A combmatnon of thrustlng stackmg and foldlng of
- debris wrth lee— slde deposmon supports eXplanatlons proposed by Shaw (1979) and
Moran et a/ (1980) for similar landforms. \Although thrustmg is thought to be assocuated
~with "frozen-—bed" condltlons streamllnlng is thought to occur under active ice condltlons
Preservatlon of the drumllns and flutmgs ls attrlbuted to melt out under stagnant ice.

» -t may be concluded that existing. models for the mterpretatlon of drumhns and
flutlngs and the sequences in Wthh ‘they he have often been mterpreted in ‘terms of one ‘
or two types of till where many are present and that composlte explanatrons rather than
purely erdsional and deposmonal models, ‘may be more correct 3 - v
_ Further research on drumllns and flutlngs in the Hlnton/Edson areais recommended -
‘ --to test the model proposed here ln addltlon detalled studnes of bedrock flutmgs |

' descrlbed earlier would also contrlbute to our understandlng of gIacugenlc streamlmed

_landforms in _Alberta- K
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