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QUATERNARY GEOLOGY OF
NORTHEASTERN ALBERTA

Abstract

TheKazan upland, the only surface exposure of Precambrian shieldin Alberta, was extensively scoured
by the Laurentide Ice Sheet during the last glaciation and is now sparsely covered by glacial deposits. In
contrast, areas underlain by Paleozoic sedimentary rocks west of the Save River are covered by
widespread glacial, deltaic, and lacustrine sediments.

Theice sheet flowed southwestwar d over thearea during thelast glacial maximum, but the pattern of ice
flow changed during deglaciation when two distinct lobes developed. A westward-flowing ice lobe,
occupying the Lake Athabasca basin, converged with southwesterly flowing ice north of it. The lateral
contact between the two lobes is marked by converging striae and a broad east-west band of glacial
outwash and lake sediments.

As the ice sheet retreated eastward, the Save River lowland and Lake Athabasca basin were flooded
from the north by glacial Lake McConnell. The ice sheet formed an extensive ice dam along the western
edge of the Kazan upland and glacial Lake McConnell reached about 305 ma.s.l. near present-day Lake
Athabasca. The Save moraine marksthe position of thisicefront and is correlative with the 10 ka BP Cree
Lake moraine of northeastern Saskatchewan.

As glacial Lake McConnell drained, a large delta formed in the Save River lowland depositing sand
over the glaciolacustrine mud. The delta was at its largest when Lake Athabasca separated from glacial
LakeMcConnell between 9 and 8 ka BP. Later, inthe Holocene, the Peaceand Saveriversincised theol der
deltaic sediments, forming the modern Peace River—Athabasca River delta.

Résumé

Leshautesterresde Kazan, qui renferment les seul s affleurements du bouclier précambrien en Alberta,
ont été soumises a un vaste décapage par I'Inlandsis laurentidien au cours de la derniére glaciation.
Actuellement, €lles sont parsemées de dépots glaciaires. A I’ opposg, les régions de roches sédimentaires
pal éozoiques a I’ ouest de la riviere Save sont recouvertes par des sédiments glaciaires, deltaiques et
lacustres répandus.

Aucoursdudernier pléniglaciaire, I’inlandsiss est écoul éverslesud-ouest sur I’ ensembledelarégion,
mais la configuration de I’ écoulement glaciaire s est modifiée au cours de la déglaciation alors que deux
lobesglaciairesdistincts se sont dével oppés. Unlobea écoulement versl’ ouest, qui remplissait lebassindu
lac Athabasca, a convergeé vers des glaces au nord du lobe qui s écoulaient versle sud-ouest. Le contact
latéral entre les deux lobes est marqué par des stries convergentes et par une large bande de direction
est-ouest de dépdts d’' épandage fluvioglaciaire et de sédiments lacustres.

Aufur et damesurequel’inlandsisareculéversl’est, lesbasses-terresdelariviére Save et le bassin du
lac Athabasca ont été inondés a partir du nord par le Lac glaciaire McConnell. L'inlandsis a formé une
vaste barriéere de glace le long de la bordure occidentale des hautes terres de Kazan et le niveau du Lac
glaciaire McConnell s’ est élevé a environ 305 mau-dessus du niveau dela mer a proximité del’ actuel lac
Athabasca. La moraine de Save marquela position du front glaciaire et peut étre mise en corrélation avec
la moraine de Cree Lake de 10 ka située dans le nord-est de la Saskatchewan.

Le Lac glaciaire McConnell s'est vidé et un grand delta s est constitué dans les basses terres de la
riviere Save, déposant du sable sur lesboues glaciolacustres. Le delta a atteint sa superficie maximale au
moment oul le lac Athabasca s est séparé du Lac glaciaire McConnell il yaentre9 et 8 ka. Par la suite, au
coursdel’Holocene, larivieredelaPaix et lariviere Save ontinciséles sédimentsdeltaiques plusanciens,
ce qui a engendré la formation de I’ actuel delta delariviere dela Paix et de la riviére Athabasca.



SUMMARY

The surficial geology of northeastern Alberta was
mapped in detail as part of the Canada-AlbertaMineral
Development Agreement. The project resulted in five
1:100 000 scde maps and GSC reports on till geochemidry.
Thisreport describesthe surficial depositsin detail and
provides an interpretation of the Quaternary history.

Themapscover theareabetween 58°40’N and 60°N
and 110°W and 112°W, about 15 200 km?, and include
the only portion of the Canadian Shield exposed in
Alberta, the southern Kazan upland. The shield is
bounded to the south by L ake Athabascaand tothewest
by lowlands underlain by flat-lying Paleozoic rocks
along the Peace and Slave rivers. These lowlands, part
of the southern Great Slave plain, are covered by the
Peace River—Athabasca River delta, a flat expanse of
Pleistocene to Holocene deltaic and lacustrine sedi-
ment deposited into glacial Lake McConnell. The
Athabascaplain, thethird major physiographic element
in the map area, forms a large embayment into the
western part of the Kazan upland. This part of
the Precambrian shield is composed of thick, unmeta-
morphosed Middle Proterozoic sedimentary rocks
(Athabasca Group) that unconformably overlie the
basement. Lake Athabasca (8080 km? at 210 m as.l.)
lies dlong the northern margin of the Athabasca plain
and defines the southern limit of the map area. The
topographic depression that contains Lake Athabasca
is probably a glacially eroded trough.

Surficial deposits have been divided according to
age, genesis, and type of depositional environment.
Generally, most surficial materials derived from the
shield and the Athabasca Group are very sandy which
complicatesgeneticinterpretations. Thisisparticularly
problematic where extensive reworking by fluvial and
eolian processes occurred during deglaciation. Till and
ice-contact glaciofluvial sediment were deposited
during the Late Wiscongnan and early Holocene in glacid
environments. Nonetheless, most of the glacial
materials were reworked during deglaciation and
deposited in proglacial environments peripheral to the
ice sheet. The dominant materids deposited in proglacia
environmentswereglacial outwash, lake sediment, and
to alesser extent, eolian sediment. Proglacial sediments
generally decrease in age eastward because the progla-
cial zonefollowed the eastward retreat of theicefront.

Till cover is sparse on the Kazan upland and is usu-
ally only found ontheleeside of prominent outcrops. In
largeareasit formsathin (<1 mthick) discontinuous
veneer of unconsolidated drift, comprising a coarse
sandy matrix with erratics and striated clasts. Although
most of the material was derived only afew kilometres
upstream, some vol canic erraticsoriginate several hun-
dred kilometres to the northeast. Thicker, siltier till is
more common over the Paleozoic rocks west of the
Slave River.

SOMMAIRE

Les dépbts superficiels du nord-est de I’ Alberta ont été carto-
graphiés systématiquement dans le cadre de I'entente entre le
Canadaet |’ Albertasur |’ exploitation minérale. Leprojetapermisa
la CGC deréaliser cing cartes al’ échelle du 1/100 000 et des rap-
portssur lagéochimiedutill. Le présent bulletin décrit en détail les
dépbts superficiels et propose une interprétation du Quaternaire.

Lescartes portent sur larégion d’ environ 15 200 km2 entre 58° 40/
et 60° delatitudeN. et entre 110° et 112° delongitudeW., incluant la
seule portion du Bouclier canadien qui affleure en Alberta, soit la
partieméridional e des hautesterresde Kazan. Lebouclier est limité
ausud par lelac Athabascaet al’ ouest par |esbassesterresderoches
planes paéozoiques le long de lariviére de la Paix et de lariviere
Slave. Ceshassesterres, qui font partie delaportion méridionaede
laplaine du Grand lac des Esclaves, sont recouvertes par ledeltade
larivieredelaPaix et delariviére Athabasca, é&tendue plane de sédi-
ments deltaiques et lacustres qui s échelonnent du Pléistocene a
I"Holocéne et qui se sont déposés dans e Lac glaciaire McConnell.
La plaine d Athabasca, le troisieme éément géomorphologique
important de larégion cartographique, forme une grande baie dans
la partie occidentale des hautes terres de Kazan. Cette portion du
bouclier précambrien comporte des roches sédimentaires épaisses
non métamorphisées du Protérozoique moyen (Groupe d’ Athabasca)
qui reposent en discordance sur le socle. Le lac Athabasca
(8080 km?a210 m au-dessus du niveau delamer) setrouvelelong
delabordure septentrionale delaplained’ Athabascaet constituela
limite méridionale de la région cartographique. La dépression qui
contient le lac Athabasca serait une cuvette érodée par les glaces.

Les dépbts superficiels ont été regroupés selon leur &ge, leur
genese et le type de milieu de sédimentation. En regle générale, la
plupart des matériaux superficiels dérivés du bouclier et du Groupe
d’ Athabasca sont tres sableux, ce qui rend lesinterprétations géné-
tiquesdifficiles, tout particulierement laou les processusfluviatiles
et éoliens ont provoqué de vastes remaniements au coursde la
déglaciation. Le till et les sediments fluvioglaciaires de contact
glaciaire se sont déposés dans des milieux glaciaires au cours
du Wisconsinien supérieur et de I’ Holocene inférieur. Néanmoins,
laplupart des matériaux glaciaires ont été remaniés au cours de
ladéglaciation et se sont déposésdansdesmilieux proglaciairesala
périphériedel’ inlandsis. Lesmatériaux prédominants déposésdans
les milieux proglaciaires sont des dépbts d' épandage fluvioglaci-
aire, dessédimentslacustres et dans, une mesure moindre, des sédi-
ments éoliens. L’'age des sédiments proglaciaires décroft
généralement vers |’ est, car lazone proglaciaire asuivi le recul du
front glaciaire vers cette méme direction.

Lacouverturedetill est éparse sur les hautesterres de Kazan, ne
se rencontrant généralement qu’en aval des affleurements proémi-
nents. Dansdevastesrégions, elleformeun placage (<1 md' épais-
seur) discontinu de sédiments glaciaires meubles comprenant une
matrice sableuse agrain grossier, des blocs erratiques et des clastes
striés. Bien que laplupart des matériaux proviennent d’ unerégion
situéeaquel queskilomeétresen amont, certainsblocserratiquesvol-
caniques sont originaires d’' une région située a plusieurs centaines
dekilometresau nord-est. Dutill plusépaisde contenu silteux plus
important se rencontre plus fréguemment sur les roches paléo-
zoiques al’ouest de lariviere Slave.



Glacial meltwater extensively reworked till on the
Kazan upland and glacia diamictons are commonly
found interbedded with glaciofluvial gravels along
former icemargins. The Slave moraineisagood exam-
ple. Thisextensive moraineformed during deglaciation
when the Laurentide Ice Sheet stabilized along the
western margin of the Kazan upland. The Slave
moraine formed in a subaqueous environment because
glacial Lake McConnell was in contact with the ice
margin at thistime. The Slave moraineis thought to be
the northern extension of the Cree Lake moraine of
northern Saskatchewan which dates about 10 ka BP.
Subsequent, rapid retreat of the ice sheet is marked by
DeGeer morainesinlowlandsnorth of Lake Athabasca.

Glaciofluvia sediment was deposited by meltwater
streams either in an ice-contact environment or as pro-
glacial outwash. Coarse glaciofluvial deposits on the
Kazan upland can be up to 40 m thick and generally
contain subrounded to well rounded pebbles to boul-
derswith rudimentary bedding. Some of the outwashis
pitted with kettles indicating meltout of buried glacial
ice. In places meltwater channels flowed into lakes
forming glaciofluvia deltas. Thelargest volumeof gla-
ciofluvial sediment isfound in a zone extending from
Colin Lake to Bocquene Lake, within the Colin Lake
interlobate moraine, and along the north shore of Lake
Athabasca, northeast of Fort Chipewyan. The Colin
L ake interlobate moraine was formed along the | ateral
margin of two lobes within the Laurentide Ice Sheet
during the waning phase of glaciation.

Glaciolacustrine sediments were deposited in ice-
dammed lakes along the margin of the Laurentide Ice
Sheet. Glacia lake sediments on the Kazan upland in
the eastern part of the map area have little clay and are
mostly unlaminated fine sand and silt confined to valley
bottoms and depressions. In places they are similar to
outwash sand, except with an absence of pebblesand a
slight increase in silt content. The greatest volume of
glaciolacustrine sediment is found on the Great Slave
plain and underlying the Peace River—Athabasca River
delta, whereit formsflat, poorly drained ground. Most
of thissediment wasdepositedin glacia Lake McConnell
shortly after deglaciation of the Slave River lowland.
Glacial Lake McConnell reached a maximum level of
about 305 m as.l. along present Lake Athabasca at
about 10 kaBP. During thistimeit extended northward
to Great Bear Lake basin, reaching more than
215 000 km2. The lake was short lived at this size
because of rapid glacio-isostatic rebound. Glaciolacus-
trine varves suggest that glacial Lake McConnell did
not remain at its maximum for much morethan 50 aand
drained from the area within 200 a.

When glacial Lake McConnell separated into Grest
Slave Lake and L ake Athabasca, alarge volume of del-
taic sand was deposited over glaciol acustrine sediment
on the Great Slave plain. Younger aluvium and delta
sediment have been inset into the older delta by the
Peace and Slave rivers. As glacial Lake McConnell
drained, large plains of lacustrine and deltaic material

Les eaux de fonte ont remanié considérablement le till des
hautes terres de Kazan et des diamictons glaciaires sont souvent
interstratifiés dansdesgraviersfluvioglaciaireslelong d’ anciennes
margesglaciaires. Lamorainede Slaveen est un bon exempl e. Cette
vaste moraineavu le jour au cours de la déglaciation lorsque
I'Inlandsis laurentidien s est stabilisé le long de la bordure occidentale
des hautesterres de Kazan. Elle s’ est formée dans un milieu subag-
uatique parce qu’ acetteépoque, leLacglaciaireMcConnell était en
contact avec lamarge glaciaire. Elle correspondrait alaprolonga
tion septentrionale de la moraine de Cree Lake, dans le nord de la
Saskatchewan, dont I’ &gesesitueaenviron 10ka. Lerecul rapideet
ultérieur de I’ inlandsis est marqué par la présence de moraines de
De Geer dans les basses terres au nord du lac Athabasca.

Des coursd’ eau de fonte ont déposé des sédiments fluvioglaci-
aires soit dans un milieu de contact glaciaire, soit sous forme de
dépbtsproglaciaires. Surleshautesterresde Kazan, les dépbtsflu-
vioglaciairesagrain grossier, dont I’ épaisseur peut atteindre 40 m,
renferment généralement des galets et jusqu’ ades blocs subarrondis a
bien arrondis qui montrent un litage rudimentaire. Certains dépots
d épandage fluvioglaciaire sont criblés de kettles, indicateurs de
fonte de glace glaciaire enfouie. Par endroits, les chenaux d’ eau de
fontese sont versésdansdes|acspour former desdeltasfluvioglaci-
aires. Levolumeleplusimportant de sédimentsfluvioglaciairesse
rencontre dans une zone s' é&endant du lac Colin au lac Bocquene, a
I"intérieur de lamoraineinterlobaire de Colin Lake et lelong dela
rive septentrionale du lac Athabasca, au nord-est de Fort Chipewyan.
Lamoraineinterlobaire de Colin Lake s est congtituéelelong dela
bordurelatéralededeux lobesauseindel’ Inlandsislaurentidien, au
cours de la phase d’ amaigrissement des glaces.

L es sédiments glaciolacustres se sont déposes dans des lacs de
barrage glaciaire en bordure de I’ Inlandsis laurentidien. Sur les
hautes terres de Kazan, les sédiments de lac glaciaire danslapartie
est de larégion cartographique contiennent peu d’ argile et se com-
posent principalement de sable fin et de silt non stratifiés confinés
danslesfondsdevalléeet lescuvettes. Par endroits, il ssont sembla-
bles & des sables d épandage fluvioglaciaire, sauf qu'ils sont
dépourvusdegal etset contiennent un peu plusdesilt. Levolumede
sédiments glaciolacustres le plus important se rencontre dans la
plaine du Grand lac des Esclaves et sous le deltade lariviere dela
Paix et de lariviére Athabasca ou ils forment un terrain plat mal
drainé. Laplusgrande partie decessédimentss est déposéedansle
Lac glaciaireMcConnell peu aprés|adéglaciation des bassesterres
delariviereSlave. LeLacglaciaire McConnell aatteint son niveau
maximal d’ environ 305 m au-dessus du niveau delamer lelong de
I’ actuel lac Athabascail y aenviron 10 ka. Au cours de cette péri-
ode, il se prolongeait versle nord jusqu'au bassin du Grand lac de
I’Ours pour atteindre une superficie de plus de 215 000 km2. Enraison
d’un rapide relévement isostatique, il a conservé cette superficie
maximale peu longtemps, sans doute pas plus de 50 ans, comme
semble I'indiquer la présence de varves glaciolacustres, et il se serait
retiré de larégion en moins de 200 ans.

LorsqueleLacglaciaireMcConnell s est dédoublé pour former
le Grand lac des Esclaveset lelac Athabasca, de vastes quantitésde
sable deltaique se sont déposées sur les sédiments glaciolacustres
delaplaine du Grand lac des Esclaves. Lariviere delaPaix et la
riviere Slave ont transporté des aluvions et des sédiments del-
taiques plus récents dans le delta plus ancien. Au fur et a mesure
que le Lac glaciaire McConnell s'est vidé, de grandes plaines de



were exposed to intense wind erosion. Eolian deposits
including sheets of windblown sand and dunefieldsare
common throughout the area. The western edge of the
map areaincludes the Wood Buffalo sand hills, an area
of particularly large dunes up to 30 m high, formed
because of the reedily available sand from the Pleistocene
delta. Parabolic dunes on the Kazan upland are common
northwest of Hooker Lake and south of Woodman
Lake, within the zone of the Colin Lake interlobate
moraine. Most of the dunesin the map areahave apre-
dominant elongation to the northwest implying strong
surface winds from the southeast. Thisisdiametrically
opposite to the predominant present-day winds that
blow out of the northwest. This suggeststhat the dunes
date from early postglacial timewhen a persistent anti-
cyclone was centred over the Laurentide Ice Sheet and
dominated the regional circulation.

Under nonglacial conditions that prevailed during
the latter part of the Holocene, large volumes of sedi-
ment were deposited by the Peace River prograding
into Lake Athabasca. Historically, the delta flooded
seasonally depositing large volumes of silt and fine-
grained sand. Nonetheless, over the last few decades
the flow of the Peace River has been controlled and
reduced discharge has caused large areas of the deltato
dry out. Modern littoral processes are most prevalent
along the north shore of Lake Athabasca particularly
where thick drift provides much sandy sediment. The
shorelineisaffected by wind-driven currentsfrom both
the northeast and southwest, forming prominent
beaches and spits. Fluvial deposition is restricted to
narrow flood-plain deposits along the Peace and Slave
rivers and some tributaries.

Deposits produced by mass wasting occur mostly
along cutbanks of the Peace and Slaverivers. A particu-
larly large landslideisfound at Carlson Landing on the
Peace River. Other large slumpsoccur onthewest shore
of Slave River, north of Fitzgerald. In each case, diding
was enhanced by an impermeable silt and clay layer
underlying thick deltaic sediments.

Organic depositsareusually found aslayersoverly-
ing lacustrine silt and clay in poorly drained areas.
Poorly drained depressions abound on the Kazan
upland but the largest areas of organic terrain occupy
the lowlands west of the Slave River. This part of
Alberta lies within the zone of discontinuous perma-
frost and sufficiently thick organic layers of peat pro-
vide an effective insulative layer so that ground ice
persists throughout the summer. The growth of ground
iceproduces|andformssuch aspeat plateausand pal sas
which are common on the Kazan upland. Areas under-
lain by permafrost are very sensitive to disturbance.
Wheretheinsulativelayer isdisrupted, the surface rap-
idly subsides as the ground ice melts.

The association of surficial deposits and stratigraphy
show that the Quaternary record of northeastern Alberta
coversarelatively short period (ca. 30 kato 8.5 kaBP),

matériaux lacustres et deltaiques ont été soumisesauneintense éro-
sion éolienne. Des dépdts éoliens, notamment des nappes de sable
éolien et des champs de dunes, sont fréquentsdans|’ ensembledela
région. Labordureoccidental e delarégion cartographique englobe
les dunes de Wood Buffalo, région ou des dunes particulierement
grandes, allant jusgu’ 230 m de hauteur, se sont érigéesen raison de
la disponibilité immeédiate de sable en provenance du delta pléis-
tocene. Sur leshautesterres de Kazan, des dunes paraboliques sont
présentes au nord-ouest du lac Hooker et au sud du lac Woodman, a
I"intérieur de la zone renfermant la moraine interlobaire de Colin
Lake. Danslarégion cartographique, la plupart des dunes sont dlongées
principalement vers le nord-ouest, ce qui laisse supposer que des vents
forts de surface soufflaient du sud-est, soit une direction diamétralement
opposée aux vents du nord-ouest qui prédominent de nosjours. Par
consequent, les dunes se seraient formées au début du postglaciaire
alorsqu’ unanticyclonepersistant était centrésur I’ Inlandsislauren-
tidien et dominait la circulation atmosphérique régionale.

Lorsque des conditions non glaciairesdominaient au coursdela
derniére partie de I’ Holocene, d’importants volumes de sédiments
ont été déposés par lariviére de laPaix en progradation dans|lelac
Athabasca. D’ un point devue historique, le deltaétait soumisades
inondations saisonniéres et adéposé d’ importantsvolumesdesilt et
de sablefin. Cependant, au cours des derniéres décennies, on acon-
trélél’ écoulement delarivieredelaPaix et réduit son débit, cequi a
asséché de vastes étendues du delta. De nosjours, les processus
littoraux prédominent le long de la rive septentrionale du lac
Athabasca, particulierement la ou des dépéts glaciaires épais
fourni ssent des sédiments sableux en abondance. Lerivage est sou-
mis a des courants provoqués par des vents soufflant du nord-est et
du sud-ouest, ce qui entraine la formation de plages et de fleches
proéminentes. Lasédimentation fluviatile est confinée ades dépbts
étroits de plaine d’'inondation le long de lariviere de la Paix, de la
riviere Slave et de certains affluents.

L es dépbts engendrés par des mouvements de masse se rencon-
trent principalement lelong desbergeshautesdelariviére delaPaix
et delariviére Slave. On peut observer un glissement deterrain par-
ticuliérement important & Carlson Landing, sur lariviéredelaPaix.
D’ autres glissements d’ envergure se sont produits sur la rive occi-
dentaledelariviére Slave, au nord de Fitzgerald. Danstouslescas,
le glissement a été facilité par la présence d’ une couche de silt et
d’ argileimperméabl ereposant sousdes sédimentsdel taiquesépais.

Des dépbts organiques forment généralement des couches sus-
jacentes aux silts et argiles lacustres dans les régions mal drainées.
Descuvettesmal drainéesfoisonnent sur leshautesterresde K azan,
mais les régions de sol organique les plus étendues occupent les
basses terres situées a I’ ouest de lariviere Slave. Cette partie de
I’ Alberta se trouve dans la zone de pergélisol discontinu. Les
couches organiques de tourbe sont suffisamment épaisses pour
constituer uneisol ation efficace permettant aux glacesde sol depersis-
ter tout aulong del’ été. Lacroissance de cesglacesdonnelieuades
modelés tels que des plateaux palsiques et des palses qui sont
fréquentsdansleshautesterresde Kazan. Lesrégionspergélisolées
sont tres sensibles aux perturbations. Aux endroits ou la couche
isolante est interrompue, lasurface s enfoncerapidement aufur et a
mesure gque fond la glace de sol.

L’ association des dépbts superficiel set lastratigraphie montrent
que, dans le nord-est de I’ Alberta, le Quaternaire couvre une péri-
ode relativement courte (environ 30 a 8,5 ka) liée a |’ avancée de



related to the advance of the Laurentide Ice Sheet
during Late Wisconsinan glaciation. At the height of
glaciation, the dominant glacial flow was from the
northeast and major erosion and dispersal of the under-
lying bedrock occurred. Till isvery sparseonthe Kazan
upland, nevertheless, during ice retreat, large volumes
of glacial drift were concentrated as glaciofluvial sedi-
ment along ice margins and in proglacial lakes. Much
of this sediment was redeposited during postglacial
time as proglacial lakes emptied and integrated drain-
age networks devel oped. Further dispersal of sediment
took place by intense southeast winds sweeping the
barren postglacial landscape. In contrast, areas under-
lain by Paleozoic sedimentary rocks west of the Slave
River are covered by widespread glacial, deltaic, and
lacustrine sediments.

During the last glacid maximum, the Keawatin sector
of the Laurentide | ce Sheet flowed southwestward on a
regional scale, relatively independent of local topogra-
phy. However, during deglaciation, when the ice
thinned, distinct lobes developed in the ice sheet
changing the flow pattern. A westward-flowing ice
lobe, occupying the Lake Athabasca basin, converged
laterally with southwesterly flowingicenorth of it. This
lateral contact is marked by converging striae and a
broad east-west band of glacial outwash and |ake sedi-
ments.

Glacial Lake McConnell, occupying the isostatic
depression left by the retreating Laurentide | ce Sheet,
was in contact with the northwestern margin of theice
sheet. Conseguently, the Slave River lowland and L ake
Athabasca basin were flooded from the north when the
iceretreated onto the Kazan upland. TheLaurentidelce
Sheet formed an extensive dam along the western edge
of the Kazan upland when glacial Lake McConnell
reached about 305 m a.s.l. near present-day Lake
Athabasca. The position of the ice sheet during this
time is recorded by the north-trending Slave moraine.
TheSlavemoraineiscorrelativewiththe 10kaBP Cree
Lakemoraine of northeastern Saskatchewan and marks
aregiona dtillstand in the retreat of the Laurentide Ice
Sheet. Subsequently, as the ice sheet retreated farther
eastward, large volumes of meltwater were diverted
across the shield. Glacial drift was extensively redis-
tributed and many ephemeral lakeswere created which
subsequently drained during the Holocene. With crus-
tal rebound, glacial Lake McConnell drained and a
large deltaformed in the Slave River lowland, deposit-
ing sand over the glaciolacustrine mud. The delta had
its greatest extent when it separated Lake Athabasca
from glacial Lake McConnell between 9 ka and 8 ka
BP. Later, during the Holocene, the Peace and Slave
riversincised the ol der deltaforming the modern Peace
River—Athabasca River delta which currently pro-
gradesinto Lake Athabasca.

I"Inlandsis laurentidien au cours de la glaciation du Wisconsinien
supérieur. Lorsque laglaciation aatteint son apogée, I’ écoulement
glaciaire prédominant venait du nord-est et |e substratum rocheux
sous-jacent aété soumisaune érosion et un dispersion importantes.
Letill est trés épars sur les hautes terres de Kazan. Cependant, au
coursdu recul glaciaire, d importants volumes de dépbts glaciaires
se sont concentrés sous forme de sédiments fluvioglaciaireslelong
des marges glaciaires et dans des lacs proglaciaires. Une grande
partie de ces sédiments se sont redéposés au cours du postglaciaire
au fur et amesure queleslacs proglaciaires se sont vidés et que des
réseaux hydrographiques intégrés se sont développés. Les sédi-
ments ont été davantage dispersés par des vents forts soufflant du
sud-est qui ont balayé sur leur passage | e paysage postglaciaire sté-
rile. Par contraste, lesrégionsderoches sédimentaires pal €ozoiques
al’ ouest delariviére Slave sont recouvertespar dessedimentsglaci-
aires, deltaiques et lacustres répandus.

Au cours du dernier pléniglaciaire, les glaces du secteur de
Keewatindel’ Inlandsislaurentidien s écoulaient verslesud-ouest a
I'échelle régionde, plus ou moins indépendamment de la topographie
locale. Toutefois, au cours deladéglaciation, deslobesdistincts se
sont constituésdans!’ inlandsislorsquelaglaces est amincie, cequi
a modifié la configuration de I’ écoulement. Un lobe glaciaire a
écoulement vers|’ ouest qui remplissait lebassin dulac Athabascaa
convergé latéralement vers les glaces au nord qui s écoulaient vers
le sud-ouest. Cecontact latéral est marqué par des stries convergentes
et par une large bande de direction est-ouest de dépbts d’ épandage
fluvioglaciaire et de sédiments lacustres.

Le Lac glaciaire McConnell, qui occupait la dépression isosta
tique créée par leretrait del’ Inlandsis laurentidien, était en contact
aveclabordurenord-ouest del’ inlandsis. Par conséquent, lesbasses
terres de la riviére Slave et le bassin du lac Athabasca ont été
inondés a partir du nord lorsque les glaces ont recul € sur les hautes
terresdeKazan. L' Inlandsislaurentidien aérigé un vastebarragele
long de la bordure occidental e des hautes terres de Kazan quand le
niveau du Lac glaciaire McConnell a atteint environ 305 m au-
dessusdu niveau delamer aproximitédel’ actuel lac Athabasca. La
position de I’inlandsis au cours de cette période est indiquée par la
moraine de Slavededirection nord. Cette morainepeut é&remiseen
corrélation avec la moraine de Cree Lake de 10 ka située dans le
nord-est de la Saskatchewan et marque une période de halte région-
aledansleretrait del’ Inlandsislaurentidien. Par lasuite, au fur et a
mesure que |’ inlandsis arecul é davantage vers|’ est, de grands vol-
umes d eau de fonte se sont déversés sur I’ ensemble du bouclier.
Lessédimentsglaciairesont é&él’ objet d' une vaste redistribution et
de nombreux |acs temporaires se sont créés, puis se sont vidés au
coursdel’Holocéne. Lorsdurelévement delacro(te, le Lac glaci-
aire McConnell s'est vidé et un vaste delta s'est formé dans les
bassesterresdelariviéere Slave, déposant du sable sur lesbouesgla
ciolacustres. Le delta a atteint sa superficie maximale lorsqu’il
séparait le lac Athabascaet le Lac glaciaire McConnell il y aentre
9et 8ka. Parlasuite, au coursdel’Holocéne, lariviéredelaPaix et
lariviere Slave ont incisé le delta plus ancien pour former I’ actuel
deltadelariviére delaPaix et delariviére Athabasca en prograda
tion actuellement dans |e lac Athabasca.



INTRODUCTION

Thisisthefind report on the Quaternary geology of the north-
eastern corner of Alberta, a project sponsored by the Canada-
Alberta Mineral Development Agreement (1992-1995). The
glacia geology is based on five 1:100 000 scale surficia
geology maps covering NTS 74 M and part of 74 L (Fig. 1). The
objective of the project was to stimulate mineral explorationin
the region by providing detailed information on the genesisand
distribution of surficial materials, including chemical and min-
eral variationswithintheglacia deposits. Inadditiontothemap-
ping, 336 bulk samples of glacid drift where analyzed for
geochemistry. These results were presented in GSC open files
(Bednarski, 19933, b, 19954, b, 1996) and a prdiminary synthesis
in a GSC bulletin (Bednarski, 1997).

The research procedure involved airphoto interpretetion fol-
lowed by ground verification and field mapping conducted during
the summers of 1992, 1993, and 1994. Till and other surficial
materials were retrieved by float plane, boat, and foot traverses,
giving an average density of one sample per 30 kn2 The grestest
sampling density was around the larger lakes (Fig. 2). All infor-
mation wasentered into digital databases and compiled onto digi-
tal maps. The surficid geology is presented on five 1:100 000
A-series maps compiled from 1:50 000 digital bases
(Maps 1937A, 1938A, 1939A, 1940A, 1941A, in pocket).

Pre-Quaternary physiography and bedrock geology

The mapped arealies between 58°40'N and 60°N and 110°W
and 112°W, about 15 200 km?, and includes the only portion
of the Canadian Shield exposed in Alberta (map unit R). The
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Figure 1. Location of the map area and physiographic
regionsof Alberta; the Kazan upland and Athabasca and
Great Slave plains (after Bostock, 1970).

shield is bounded to the south by Lake Athabasca and to the
west by lowlands underlain by Paleozoic rocks along the
Peace and Slave rivers (map unit R1).

The preglacial physiography influenced the Quaternary
history of northeast Albertaby affecting glacial flow andice
retreat of the Laurentide Ice Sheet. Bostock (1970) defined
three physiographic regions in the area based on elements of
regional topography and underlying bedrock structure
(Fig. 1). Most of thestudy areaispart of theKazan upland, the
exposed shield of crystalline Precambrian basement, consist-
ing of volcanic and sedimentary rocks of Archean and Early
Proterozoic age (Godfrey, 1986; McDonough, 1997). The
broadly rolling upland rises gently from about 215 m a.s.l.
along the Slave River, to more than 400 m a.s.l. along the
Saskatchewan border. Its surface is etched by ridges, valleys,
and shallow basins controlled by folding and fracturing of the
rock and by differential erosion of various bedrock units. The
structures produce a general northeast topographic trend,
with local relief usually less than 100 m.

Surficial cover over the Kazan upland is very thin and
drainage patterns are strongly influenced by the bedrock
structure. The main streams parallel the structure, whereas,
crosscutting joints and weaknesses in the bedrock are exploited
by secondary channel sthat intersect themain streamsat sharp
angles. Similarly, larger lakes also have angular shorelines
defined by the bedrock structure. Smaller depressions are
poorly drained and perched lakes and bogs abound. Cur-
rently, the Kazan upland drains south and east, into Lake
Athabasca, and west directly into the Slave River. A small
amount of runoff in the northeast drains northward into Great
Slave Lake via the Tethul-Taltson river system (Fig. 3).
Drainage patterns during retreat phases of the Laurentide Ice
Sheet were significantly different from those of the present.

TheAthabascaplain, the second major physiographic el e-
ment in the study area, forms a large embayment into the
western part of the Kazan upland. This part of the
Precambrian shield is composed of thick, unmetamorphosed
Middle Proterozoic sedimentary rocks (Athabasca Group)
that unconformably overlie the basement. Nearly flat-lying
conglomerate and sandstone units, with clay and silt inter-
beds, comprisethebase of the group which outcropsalong the
northern shore of Lake Athabasca (Wilson, 1985). Lake
Athabasca (8080 km? at 210 m a.s.l.) lies aong the northern
margin of the Athabasca plain and defines the southern limit
of the study area. Before glaciation, the Athabasca Group
probably extended farther north over the crystalline
basement, but the rocks were eroded back by continental gla-
ciation. Large volumes of glacially transported sand through-
out the study areaprobably were derived from theserecessive
rocks. The topographic depression that contains Lake Athabasca
is probably a glacialy eroded trough, however, Lake Athabasca
has a maximum depth of only 124 m in Saskatchewan which
is atypical of glacial overdeepening. Westward, in Alberta,
the maximum depth is only about 16 m, shallowing to afew
metresinthewest adjacent to themodern delta. Thethickness
of Quaternary fill within thelake isunknown but may be sig-
nificant given the recessive nature of the Athabasca Group. In
contrast, glacial erosion was extensive in the eastern bays of
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Figure 2. Demarcation of the five 1:100 000 scale surficial geology maps
and place names and locations of observation and sample points.

Great Slave Lake, found to the north in the Northwest
Territories. Erosional troughsin Great Slave Lake are greater
than 700 m deep, more than 550 m below sealevel.

Kazan upland is bounded to the west by the Great Slave
plain where the Precambrian basement is covered by flat-
lying Middle Devonian rocks, forming alowland not grester than
about 245 m as.l. Slave River flows northward into Great
Slave Lake (156 m a.s.l.) along this Paleozoic—Precambrian
contact. The Chenal des Quatre Fourches and the Riviere des
Rochers drain Lake Athabasca and join the Peace River to
form the Slave River. The southern part of the Great Slave
plainis covered by the Peace River—Athabasca River delta, a
flat expanse of Pleistoceneto Holocene deltaic and lacustrine
sediment. West of the Slave River, the drainage of the Great
Slave plain is poorly integrated, and swampy and muskeg-

covered terrain is common. Local relief isonly 15-20 m
along sandy beach ridges and dunes. The southwest part
of the area, north of Peace River, is covered by part of the
Wood Buffalo sand hills, an extensive stabilized dune
field (David, 1977). Karst topography and salt pans are com-
mon in the extreme western parts of the study area (Bayrock,
1972b; Tsui and Cruden, 1984).

Beyond the map area, the Great Slave plainisbounded by
the Caribou Mountains to the west and Birch Mountains to
the southeast (Fig. 1). These uplands controlled the pattern of
deglaciation and directed glacial meltwater diversion within
the region. Great Slave plain forms a contiguous lowland
withthe Peace River lowland inthewest. Together theselow-
lands channelled large volumes of nonglacial runoff and
meltwater which flowed into the study area from the west.
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The present-day drainage basins are shown for
the map area. Only the watershed in the north-
east corner drainsinto the Tethul River—Taltson
River systemand not into either Lake Athabasca
or Save River.

58°30

Figure4.

Theregional glacial cover at ca. 11 ka BP. Note
the meltwater diversions and ponded lakes
along the margin of the Laurentide Ice Sheet.
Darker shading represents higher ground.
Arrows on the ice show major directions of
glacial flow (modified from Lemmen et al.,
1994, Fig. 4e).
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Overview of the Quaternary history of
northern Alberta

Although observationson the glacial history of regions north
and west of Lake Athabasca were made as early as the late
nineteenth century (Tyrrell and Dowling, 1897), the surficia
geology of the area remained largely unmapped. Bayrock
(19723, b) published two maps on the general surficial
geology of Fort Chipewyan (NTS 74 L) and Peace Point and
Fitzgerald west of 111°20°'W (NTS 84 P, 74 M) at 1:250 000
scale. Godfrey (19844, b, ¢, 1986) included some glacial fea-
turesin his bedrock maps and provided brief descriptions.

Northeastern Alberta was probably overridden by conti-
nental glaciers more than once during the Pleistocene but evi-
dence of this was obscured by the last glaciation (Late
Wisconsinan; Fulton, 1989). The onset of the last glaciation,
which began about 30 ka BP, was marked by the growth of
several independent ice caps over the Canadian Shield that
eventually coalesced to form the Laurentide | ce Sheet (Dyke
and Prest, 1987). At the height of glaciation (ca. 18 ka BP),
the ice sheet consisted of a complex of ice domes, saddles,
and | obes, advancing against theregional slopein places. The
shield of northern Alberta was scoured by southwestward-
flowingiceout of theKeewatinicedivide. Theicecrossed the

207 770 T00°
' Coronation J

Agassiz

Figure5. The paleogeography of the Laurentide | ce Sheet at
ca. 10 ka BP when glacial Lake McConnell attained its
greatest size (>215 000 kn12). Thelake dominatesthe margin
of the ice sheet in the study area (information from Dyke and
Prest, 1987).

Interior Plains until it met the eastward-flowing Cordilleran
I ce Sheet in northeastern British Columbia, causing major
diversions in drainage (Mathews, 1980). Nonetheless, it has
been suggested that thetwo i ce sheetsmay not have coal esced
during the Late Wisconsinan but during earlier glaciation
(cf. Bobrowsky and Rutter, 1992).

During deglaciation, large proglacial lakes formed along
themargin astheiceretreated northeastward (Lemmen et al.,
1994; Fig. 4). As the ice sheet thinned, the underlying top-
ography asserted greater control on ice-flow patternsresulting
in pronounced lobes along itsmargin. At ca. 11 kaBP alobe
of Laurentide ice extending down the Peace River lowland
was flanked by ice-free uplands: the Caribou Mountains to
the north and Birch Mountains to the south (Fig. 4). Farther
west, alate phase of glacial Lake Peace contacted thefront of
the lobe within the lowland (Dyke and Prest, 1987), whereas
glacial Lake McMurray occupied the Athabasca River valley
to the south (Lake Tyrrell, Taylor, 1960; Fisher, 1993). Inthe
far north, theretreating ice front led to the devel opment of an
early phase of glacial Lake McConnell that occupied part of
present Great Bear Lake (Lemmen et al., 1994).

A chronology of ice retreat reconstructed from radiocarbon
dates on postglacial organic matter and correlation of former lake
levels showsthat from 11 kaBPto ca. 9 kaBPthe Laurentideice
front retreated eastward across the entire map area. During this
time, glacia Lake Peace expandedinto the Lake Athabascabasin,
forming glacid Lake Athabasca (Schreiner, 1984), dso cdled
Lake Tyrrel by Taylor (1960). Concurrently in the north, glacia
Lake McConnell expanded southward into Great Save Lake
basin and down Great Save plain. Radiocarbon dates suggest
that, before 10 ka BR, glacid Lake McConnell coaesced with
LakeTyrrdl. Atitsheight, glacid LakeMcConnell covered more
than 215 000 km? and was the second largest Pleistocene [ake in
North America (Fig. 5; Lemmen et a., 1994). Glacid Lake
McConnell reached this size because it occupied an extensive
glacio-isogatic depresson dong the margin of the Laurentide Ice
Sheet (Craig, 1965). Consequently, the lake was short lived
because postglacia rebound continuoudy decanted the lake out
the Mackenzie River sysem oncetheiceload wasremoved. Lake
levelsfdl rapidly and by ca. 8.5 ka BP glacid Lake McConndl
separated into present-day Greet Bear Lake, Great Save Lake,
and Lake Athabasca.

In summary, the recorded Quaternary history of the map
area is thought to cover a short period (ca 30 — 8.5 ka BP)
related to L ate Wisconsinan glaciation. Mgjor erosion and dis-
persal of the underlying bedrock occurred during thistime but
deposition of till wasvery sparseontheresi stant Kazan upland.
Nevertheless, during retreat of the ice sheet, large volumes of
glacia drift concentrated as glaciofluvial sediment along the
icemarginsand in proglacial lakes. Much of this sediment was
redeposited during postglacial timeasproglacial |akesemptied
and integrated drainage networks devel oped. Further dispersal
of sediment took place by intense southeast winds sweeping
the barren postglacial landscape. The following sections detail
the pattern of ice retreat, glacial sedimentation, and drainage
evolution that resulted in the landform assemblage and pettern
of surficial materials found on the 1: 100 000 maps (Maps
1937A,1938A, 1939A, 1940A, 1941A). Thesurficial geology
of the areais generdized in Figure 6.
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Figure 6. The generalized surficial geology of the study area. Note the sparse surficial cover overlying the
Kazan upland, the extensive moraine system east of the Slave River marking a major stillstand of the retreating
Laurentide Ice Sheet (Slave moraine), and the accumulation of thick glacial drift along an east-west belt
marking the Colin Lake interlobate moraine. The Great Slave plain, west of Slave River, is covered by thick
glaciolacustrine and glaciodeltaic sediment, and recent deltaic sediment south of Peace River. Prominent
raised beaches mark the regression of glacial Lake McConnell. Thick till is limited to the northwest part of
the study area near Salt River.
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SURFICIAL DEPOSITS

Thefollowing isamoredetailed description of the geological
units and features on the legend accompanying the surficial
geology maps. Surficial units are divided according to age,
genesis, and type of depositional environment. Generally,
most surficial material sderived fromtheshield arevery sandy
(Fig. 7); moreover, sedimentsderived from the Athabasca Group
(Wilson, 1985) are all texturally similar, complicating
genetic interpretations, especially where extensive reworking
by fluvial and eolian processes occurred during deglaciation.
Examples of significant landforms comprising certain units
and stratigraphy are described.

Postglacial or Late Wisconsinan proglacial
and glacial environments

Deposition in glacia environmentsis represented by till and
ice-contact glaciofluvial sediment deposited during the Late
Wisconsinan and early Holocene. Nonetheless, most of the
glacial materials were reworked during deglaciation and
deposited in proglacial environments periphera to the ice
sheet. Proglacial environments were dominated by deposi-
tion of glacial outwash, lake sediment, and eolian sediment to
a lesser extent. Proglacial sediments generally decrease in
age eastward because the proglacia zone followed the east-
ward retreat of the ice front.
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Figure7. Sand, silt, and clay ratiosfor 336 glacial drift sam-
ples. Grain-size analysis was by sieving and sedimentation
into: greater than 2 mm, sand (2 mmto 63 um), silt (2 umto
<63 um), and clay (<2 um) fractions. Although most surficial
units have a similar matrix, tills and glaciofluvial gravels
have an abundance of cobbles and boulders.

Till (map unitsT, Tv)

Till (map unit T), is material that was deposited directly by
glacial melting, or by lodgement at the base of theice. Thelat-
ter producesthe densest till with astrong clast fabric oriented
inthe direction of former glacial flow (cf. Dreimanis, 1990).
L odgement till isuncommon in the map area because glacial
erosion dominated the Kazan upland. However, in places,
basal till is found on the lee side of prominent outcrops.
Locally, thetill formsatapered tail onthedownstream side of
a bedrock knob (crag-and-tail features). Streamlined drift
features such as drumlins or flutings are rare in the area.

Till on the Kazan upland generally forms a thin (<1 m
thick) discontinuous veneer of unconsolidated drift with a
coarse sandy matrix (map unit Tv). The sediment characteris-
ticsindicate an ablation till facies laid down during stagnant
icewastage. Thetill hasavery similar textureto colluviumor
diamicton units of coarse outwash; however, it can be distin-
guished by the relative abundance of erratics and striated
clasts. The crystalline basement of the Kazan upland was
resistant to glacia erosion. In contrast, glacial ice was effective
in eroding the sediments of the Athabasca Group. Sandstone
erratics, several metresin diameter, and thick bodies of uncon-
solidated sand are common severa kilometres north of the
contact along L ake Athabasca. Glacial erosion wasalso more
effective on the Paleozoic substrate underlying the Grest Save
plain. A few exposuresshow atill blanket overlying thebedrock.

Sand-sized grains dominate the composition of locd till
derived from basement rocks (Fig. 7). These till units contain
angular to subangular igneous and metamorphic clastsand multi-
modal grainsize. Inthe southern part of the study area, till derived
from the Athabasca Group isvery sandy, with uniform matrix and
pinkish colour. Pebbleanalysisof 150till samplesreflectsthe
diversity of lithologies on the shield, but no clear distinctions of
provenance could be made. The bulk of basdl till isusualy trans-
ported lessthan 10 km from its source (Puranen, 1988), however,
far-travelled lithologies are a so present. For example, avolcanic
erratic fromthe Digtrict of Keawatin (Pitz Formation) found intill
north of Bocquene Lake (Fig. 2), shows a transport distance of
gpproximately 800 km from the northeast. In the southern parts of
the Kazan upland, large sandstone erraticsare common 10-20km
north of the basement contact. West of the Save River, till derived
from the Paleozoic bedrock is more indurated and has a Sty
matrix with carbonate clasts in addition to the shield lithologies.
Dilution of glacia sediment derived from the shield occurred over
avery short distance astheice sheet flowed off the Kazan upland
and onto the carbonate terrain. Good exposures of till derived
from Paleozoic rocks are found dong the Sdt River in the north-
west part of the area (Fig. 6).

Glacia meltwater extensively reworked most of thetill on
the Kazan upland and glacial diamicton units are commonly
found interbedded with glaciofluvial gravel aong former ice
margins (map unit G). The Slave moraineis agood example of
this (Fig. 8). The best exposure of till on the Kazan upland is
found in the Myers L ake section but thetill isdiscontinuousand
interbedded with glaciofluvid materid (Fig. 9).
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Glaciofluvial deposits (map units G, Gi, Gt, Gd, Gv)

Glaciofluvial sediment is material that has been worked and
deposited by meltwater streams. Inthe map areait consists of
interbedded sand, gravel, and sandy diamicton subdivided
into ice-contact glaciofluvial sediment (map unit Gi) and
proglacial outwash deposited away from the immediate ice
front (map unit G). Because of the 1:100 000 map scale,
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many areas were collectively mapped as unit G because
ice-contact glaciofluvial sediments commonly grade into
proglacial outwash or were extensively reworked by subse-
guent meltwater astheice front receded (e.g. Slave moraine,
see below). Coarse glaciofluvia deposits on the Kazan
upland can be up to 40 m thick and generally contain sub-
rounded to well rounded pebbles to boulders with rudimen-
tary bedding (Fig. 8, 10). Map unit Gt describes terraces of

Figure8.

A photograph of the gravel pit near Myers Lake
showing a cross-section through the Save
moraine. Note the coarse glacial diamicton (d)
and interbedded gravel (g) lenses steeply dip-
ping to the southwest. Glaciolacustrine varves
(v) overlie the gravel in the upper right of the
photograph. Photograph by J. Bednarski.
GSC 19998-073B

Figure 9. This drawing shows the composition of the Save moraine in three dimensions, based on a gravel pit
near MyersLake. Theright hand faceisshownin Figure 8. Sratified sand and gravel isinterbedded with boul-
dery diamicton that forms tongues dipping southwest at 20-30°E. Clasts of many lithologies, including well
rounded quartzte boulders, are supported in a sandy matrix. Sump structures also show movement to the west.
Thegravel -diamicton succession finesupward and isoverlain by varved glaciolacustrinemud fromglacial Lake
McConndll. Regression of the lake is marked by distinct beaches on ether side of the moraine.
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Figure 10. The exposed stratigraphic section in a gravel pit near the Fort
Chipewyan airport showing thick glaciofluvial gravels overlain by glaciolacustrine
deposits. Massive gravels at the base of the section were laid down by proximal
high-ener gy meltwater issuing fromtheretreating ice sheet. Near thetop of the
section, the meltwater flows diminish asfines, including varves fromglacial Lake
McConnell, were laid down. The glaciolacustrine sediments are overlain by
current-bedded sands and gravels related to regression of the lake.
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glaciofluvial sediment found on valley slopes. In placesmelt-
water channelsflowed into lakesforming glaciofluvia deltas
(map unit Gd) that formed distinct terraces (map unit Gdt;
Fig. 11).

The largest volumes of glaciofluvial sediment are found
in a zone extending from Colin Lake (Fig. 6) to Bocquene
Lake, withinthe Colin Lakeinterlobate moraine, describedin
the next section. Another large glaciofluvia body lies along
L ake Athabasca, northeast of Fort Chipewyan (Fig. 6).

Steep-sided kettles occur on some glaciofluvial deposits
suggesting that isolated remnants of buried glacia ice had
subsequently melted out. In places the kettles are elongated
and aligned along faults in the bedrock. These faults were
probably scoured out by glacial ice and later in-filled by gla-
ciofluvial material. Stagnant blocksof ice probably remained
in parts of the troughs to form the kettles.

Kameterraces are usually perched above lowlands on the
side of ahill. Theterraces accumulated subaerially along the
hillslope when glacier ice occupied the lowlands. Some
terrace surfaces are pitted with kettles indicating formerly
buried glacial ice.

Eskers, glaciofluvial sediments deposited along conduits
within or on top of theice sheet, arerarein the study areaand
restricted to short segmentsin some valley bottoms. Thelack
of coherent esker networks in the map areaimpliesthat gla-
cial retreat wastoo rapid for their development. A major esker
zone lies about 75 km northwest of the study area, in the
Northwest Territories (Prest et al., 1968; Aylsworth and
Shilts, 1989). The eskers record radial outflow of meltwater
fromtheKeewatin | ce Dividea ong an orientation subparallel
to the ice-flow direction, and clearly show a large influx of
glacial meltwater to the study areafrom hundreds of kilome-
tres away. Schreiner (1984) felt that the eskers in northern
Saskatchewan formed when the ice mass was bounded by the

Figure 11. An aerial photograph of a large braided delta east of . Agnes Lake (far
left centre) on the Kazan upland. The glaciofluvial gravels show a strong outflow of
meltwater to thewest, whichisoppositeto the present drainagedirection. Thenatural
southward drainage was blocked by theice margin, which still covered theland to the
south. Farther upstream, the meltwater channel is cut into the Precambrian bedrock.
NAPL 15152-160
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Cree Lake moraine, and that most of the esker formation
occurred when the ice front retreated 35-40 km north from
the moraine.

In summary, most of the glaciofluvial sediments were
deposited in proglacial environmentsthat generally decrease
in age eastward. Glaciofluvial sediment was deposited later-
ally along theice margin, within spillways, and as coarse del-
taic material prograded into glacial lakes. Continuous
rearrangement of the drainage network took place astheice
front retreated eastward. The result is that outwash is now
found throughout the area at various elevations relating to
distinctly different base levels and drainage directions. The
material is composed of unconsolidated, coarse sand and
gravel, containing many lithologies. Bedding is rarely visi-
ble. The interlobate zone from Colin Lake to Hooker Lake
(Fig. 6) containslarge volumesof proglacial outwashinclose
association with ice-contact material. Inthe northeastern part
of the study area large spillways record southward-flowing
rivers diverted to the west by glacial ice that persisted in the
south. One channel can be traced for more than 15 km to a
prominent braided, outwash delta east of St. Agnes Lake
(Fig. 11). A second prominent outwash delta lies east of
Andrew Lake (Fig. 6). Both deltasrecord lake levels of more
than 320 m a.s.l. Braid patterns on the outwash show that the
direction of outflow was to the west, despite the southern
regional slope of the land.

Glacial landforms

Extensive moraines formed at the margin of the retreating
Laurentide Ice Sheet are the most prominent glacial
landformsin the map area. These moraines are described
and informally named here.

Colin Lake interlobate moraine

The ‘Quaternary history’ section describes the formation of
two lobes within the Laurentide | ce Sheet during the waning
phase of glaciation. In brief, southwesterly flowing ice over
the Kazan upland converged with the westward-flowing
Athabasca lobe. The lobes formed a lateral contact zone of
thick glacial drift extending from Colin Lake to Bocquene
Lake (Fig. 2, 12), the greatest concentration of glaciogenic
sediments on the Kazan upland (Fig. 6). Colin Lake interlo-
bate moraineis used as a collective term to describe the suite
of sediments deposited along this lateral contact zone. Mor-
phologically this zone consists of extensive kame terraces
forming a broad east-west band. The terraces are most com-
mon around Colin Lake and south of Woodman Lake coin-
ciding with the band of glaciofluvial sediments shown in
Figure 6. Kameterracesin theareaare very sandy and can be
tens of metresthick. Because all known exposuresinthearea
show either glaciofluvial gravel or glaciolacustrinesand, itis

60°00'N

Figure 12.

Glacial striations in the study area. Note the
dominant flow from the northeast converging
Ly with predominantly westward flow in the south-
ern part of the area.

112°00'W

58°40'N
110°00'W
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Figure 13. An aerial photograph of a segment of the Save moraine (dotted line) west of
Disappointment Lake. The moraine damsthe natural westward drainage forming many
lakesin the area. Glacial Lake McConnell shorelines (dashed lines) were constructed
on either side of the moraine. As the ice front retreated eastward, meltwaters flowing
along themargin cut lateral channels (linewith ticks) trending parallel to the moraine.
NAPL 15154-55



not known how much of the Colin Lake interlobate moraine
contains till. Nonetheless, bouldery gravel on the sides of
many kettles suggests deposition by glacial ablation.

Save moraine

When the Laurentide Ice Sheet retreated eastward out of the
Slave River lowlands onto the Kazan upland, it temporarily
stabilized or experienced minor readvancesinto glacial Lake
McConnell. Till and ice-contact gravel units accumulated
along theice margin forming narrow ridges of sediment over
the bedrock. The most prominent ridge on the Kazan upland
isthe Slave moraine. The moraine is sharp-crested and typi-
cally 50 m high and 500 m wide. It is found from 35 km to
7 km east of Slave River and can be traced for 120 km, from
Lake Athabasca to southeast of Fort Smith (Fig. 6). North of
Bocquene Lake, the moraine forms two parallel segments
about 12 km apart, suggesting two closely spaced still stands.
The Slave moraine frequently dams westward-trending val-
leysforming lakes such as Myers Lake. However, it is occa-
sionally breached by former spillways and modern streams
(Fig. 13). In places the Slave moraine infills crosscutting
meltwater channels, suggesting that the channels were
initially subglacial inorigin. Distinct strandlinesare common
on either flank of the Slave moraine (Fig. 6).

A gravel excavation near Myers Lake provides an excellent
three-dimensional exposure of the distal side of the Save
moraine (Fig. 8, 9). The dratigraphic succession revealed is
probably typical of the moraine. The 22 m section shows drati-
fied sand and gravel interbedded with bouldery diamicton. Thethick
diamicton unitsform lensesdipping southwest at 20-30°. Clasts
of many lithologies are supported in a sandy matrix and have a
strong fabric bearing 239°. Some material has been trangported
greet digances, for example, very resistant quartzitic boulders
found throughout have no immediate provenance. The boulders
arewell rounded with many percussion marksindicative of high
flows. Common structures in the coarse interstretified material
indicate dumping in awestward direction. Generaly, clast sze
decreases upward in the section and sorting improves. The
gravel-diamicton succession fines upward into stratified gravel
which is overlain by glaciolacustrine mud, at least 1 m thick,
comprising more than 50 varves (Fig. 14). The glaciolacustrine
unitis, inturn, overlain by littoral gravel related totheregression
of glacia Lake McConnéll.

Interpretation of the Myers Lake section shows that the
Slave moraine was deposited in asubagueous environment at
the grounding line of the Laurentide Ice Sheet. As the
moraine accreted, tongues of debris sloughed off theice mar-
ginin asouthwest to westward direction. Finer grained sedi-
ment was laid down when the ice margin receded further to
the east and glacial Lake McConnell inundated the proximal
side of the moraine. Aswill be discussed in afollowing sec-
tion, the Slave moraine lies below the maximum el evation of
glacial Lake McConnell. Distinct strandlines formed on
either side of the Slave moraine.

The Slave moraineisthought to bethe northern extension
of the Cree Lake moraine of northern Saskatchewan. The
Cree Lake moraine was traced to the southern shore of Lake
Athabasca (Prest et a., 1968; Dyke and Prest, 1987) and isalso

Figure 14. Glaciolacustrinevarvesdepositedin glacial Lake
McConnell. The photograph shows more than 50 coarse-fine
couplets deposited on the Save moraine near Myers Lake.
Photograph by J. Bednarski. GSC 1998-073C

associated with glaciofluvial complexes (Schreiner, 1984).
The Cree Lake moraine is dated ca. 10 ka BP (Schreiner, 1984;
Dyke and Prest, 1987) and it islikely that the Slave moraine
also dates from thistime.

Minor moraines

Several short end moraine segments, with similar characteris-
tics to the Slave moraine, are found throughout the Kazan
upland. Theselikely represent local pausesin recession of the
ice front as deglaciation continued eastward. A second type
of moraine isrestricted to low-lying areas near Lake
Athabasca. Generally, they form short parallel ridges of gla-
ciofluvial gravel and bouldersand areno morethanafew tens
to hundreds of metreslong. The spacing isvery regular, usu-
ally about 150 m, with a maximum of about 5 m in relief
(Fig. 15). These moraineswere described as crevassefillings
by Bayrock (1972a), who mapped tens of square kilometres
of them south of Lake Athabasca. Schreiner (1984) mapped
them as De Geer moraines (see below), an interpretati on sup-
ported by this study. De Geer moraines form along acalving
ice-front when the ice sheet is retreating in a depth of water
approaching the buoyancy level of the ice. The moraines
form cyclically when theicefront becomes buoyant and frac-
tures. This may occur annually each time the ice front thins
during the ablation season. De Geer moraines mapped in the
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areaarefound on @ther Sde of the Savemoraneimmediately north
of Lake Athabascaand are associated with glacid Lake McConndll.
They areespecialy prominent onthedownice-flow sideof abed-
rock ridge extending for 15 km northwest of Loutit Lake and on
Burntwood Idand on Lake Athabasca (Fig. 6).

Glaciolacustrine deposits (map unitsL, Lv, Lvh,
Lh, Ld, Ldt, Lr)

In the map area glaciol acustrine sediments were deposited in
ice-dammed lakes along the margin of the Laurentide Ice
Sheet. Rhythmically bedded lake bottom mud was deposited
throughout the Slave River lowlands from glacial Lake
McConnell. Glacia lake sediments on the Kazan upland in
the eastern part of the map areahavelittle clay and are mostly
unlaminated fine sand and silt. In places, they are similar to
outwash sand, except with an absence of pebblesand aslight
increase in silt content. Discontinuous glaciolacustrine

300

Figure 16. 250

Lake-level curve depicting the history of glacial
Lake McConnell and Great Save Lake along a
transect following the Save and Athabasca
rivers(modified fromLemmen et al., 1994), with
the addition of GSC-5884 (8720 + 80 BP) and 200
GSC-5887 (8070 + 100 BP).

Elevation (m a.s.l.)
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depositslessthan 1 mthick are mapped as unit Lv. Glaciola-
custrine sediments west of the Slave River display a hum-
mocky topography that probably reflects the underlying
bedrock (map unit Lh).

Glacial Lake McConnell

The greatest volume of glaciolacustrine sediment isfound on the
Great Slave plain and underlying the Peace River—Athabasca
River delta where it forms flat, poorly drained ground (see
section‘ Pleistocenedelta’, below). M ost of thissediment was
deposited in glacia Lake McConnell when the ice margin
wasin contact with the Save moraine. Glacid Lake McConnell
sedimentsare distinctly varved and onlap the western edge of
the Kazan upland, thinning out on the proximal (east) side of
the Slave moraine. As noted, at |east ametre of varves onlap
the Save moraineat MyersLake (Fig. 9, 14). Varveswere dso
found on the proxima side of the Slave moraine, north of Lake

Figure 15.

The aerial photograph shows De Geer moraines
draped across a glacial fluting near a small lake
10 kmwest of Lapworth Point, Lake Athabasca. The
fluting forms a tail downstream of a bedrock knoll.
Glacial flow was from right to left (east to west).
Themoraines show that rapid iceretreat took place
by calving into a high lake level. Calving was
probably enhanced by local thinning of theice sheet
as it flowed over a bedrock knoll. The fluting may
have formed when basal sediment wasforcedintoa
subglacial cavity behind the knoll. Glacial Lake
McConnell raised beaches form the fine berms on
theright. NAPL 15157-77
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Athabascawest of Loutit Lake and near Fort Chipewyan (Fg. 2). At leest 170
rhythmic couplets overlying glaciofluvial gravel were counted at the Fort
Chipewyansite(Fig. 10). Farther eadt, glaciol acustrine sediment i sdiscontinuous
and confined to valley bottoms and depressions. Mogt of this sediment was
deposited in small ephemerd lakesthat formed dong theretregting ice front, and
not aspart of glacid Lake McConnell. These lakeswere é least 15 m higher in
eevation than the maximum eevation of glacid Lake McConnell.

Successive strandlinesmarking theregression of glacial Lake McConnell
arefound throughout the western part of the area. West of the Slave River,
northeast of Carlson Landing, coarse-sand berms, providing 15-20 m of
relief, can be traced for 50 km at 221 to 244 m a.s.l. (Fig. 6). On the east
side of the Slave River, flights of well devel oped beaches can be found on
either side of the Slave moraine (Fig. 6). The beaches commonly extendto
the crest of the Slave moraine showing that glacia Lake McConnell over-
topped themoraine astheicefront withdrew eastward. The maximum ele-
vation of beaches on the Slave moraine ranges from 244 m a.s.l., 25 km
southeast of Fort Smith, to 305 m a.s.l. near Hooker Lake. The highest
raised shorelines above Lake Athabasca attributed to glacial Lake
McConnell are at least 305 m a.s.l. They usually consist of well sorted,
pinkish sand derived from Athabasca Group lithol ogies. Schreiner (1984)
suggested that glacial Lake Athabasca, the southeastern extension of gla-
cial Lake McConnell, had an areal extent defined by the 305 m contour,
including fluvial deltas near Uranium City, Saskatchewan, the eastern-
most part of the former lake. South of Great Slave Lake, northwest of the
map area, the highest level of glacial Lake McConnell was about 310 m
as.l. (Lemmen, 19903, b). Although the maximum elevation of glacial
Lake Athabasca was similar along its entire length, the maximum lake
level must betime-transgressive becauseit took morethan 1 kafor theice
sheet to vacate the lake basin completely (Dyke and Prest, 1987).

Asnoted, glacial Lake McConnell reached its maximum extent of more
than 215 000 km? at 10 ka BP, shortly after deglaciation of the Slave River
lowland (Lemmen et &., 1994). Thelake did not exist very long because it
occupied aglacio-isostatic depression that wasrapidly uplifting after theice
load was removed. If the glaciolacustrine varves found throughout the area
represent annual deposition, glacial Lake McConnell did not remain at its
maximum for much more than 50 a and did not occupy the entire area for
more than about 200 a

Lemmen et al. (1994) reconstructed a

Fort Chipewyan

18, o Fort Smith

16

170 SO a

15

Fitzgerald g

£, N\

19

191\1,}1

2401S

Hom“d”y River

==
MELY: |

2

Kia) ) (
Sy
D '
\Q,v‘b Carlson Lan y‘ 0 15
5 T —T1
/° 678 , km
Y/ ) 9 A ¢ %
P\
34 Peatd N !/'
O
=3
Lake
Athabasca

SN
B
[{Q D 058
(\: v@x\‘?‘ gjf‘
A2
‘y}"s@tx

®Fort Chipewyan
il pewy;

%

lake-level curve describing thefall of glacial 210
Lake McConnell throughout postglacial time
(Fig. 16). It isbased on the elevations of pub-
lished radiocarbon dates along atransect from
Great Slave Lake to the Peace River delta
The form of the curveisvery similar to post-
glacial emergence curvesfromthe Arctic that
were caused by glacio-isostatic rebound (cf.
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Peace River delta

River profile

208 river kilometres
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Bednarski, 1995c). Two radiocarbon dates
from wood buried in deltaic sediment com-
plement the curve (see section below).
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58°40N

Figurel17. Major stratigraphic sectionsinthewesternmap area. Figure17a

shows the location of the sections and longitudinal river profile from Lake
Athabasca near Fort Chipewyan, to Fort Smith, upstream of the Holocene

Pleistocene delta

When glacial Lake McConnell separated into
Great SlaveLakeand Lake Athabasca, alarge
volume of deltaic sand was deposited over
glaciolacustrine sediment on the Great Slave
plain (Fig. 1). Sections along the Peace and
Slaverivers show deltaic sand (map unit Ldt)
overlying dark clay and silt (Fig. 17a, b, ).

SaveRiver deltabuiltinto Great Slave Lake. The profilewasderived from
topographic maps. Stratigraphic sections (1-10) through the glaciol a-
custrine delta along the Peace River are depicted in Figure 17b, and
along the Save River in sections 11 to 16 in Figure 17c. Sections 17 and 18
show recent cutsthrough sand dunes. Section 19 showssiltytill, typical of the
tillsoverlying the Pal eozoicterrane, overlain by glaciolacustrine sediment.

19



074

Metres above river

Metres above base

River.

231 m as.l.

Figure17b

River

225 ma.s.l.

JES

Legend to stratigraphic sections

Convolute bedding Covered
Trough cross-stratification

Parallel lamination Gravel

Ripple cross-stratification

Fine
Planar-tabular cross-stratification X Medium Sand
Paleoflow . Lo Coarse

Detrital wood
Interbedded silt and sand

Shrinkage cracks

% Laminated silt or clay
Roots

=& Z 3

2 a2 4

Grain size
E%g g g 23 g Bedrock
O 35588 pe
L EQ o O 2
£5900R GSC 5884 i
[ g g 8720 + 80 Radiocarbon date
s O

213 mas.l.

Peace River sections

GSC 5884
8720 + 80

River. River.




TC

11

Metres above river

River__|

209 m as.l

12

4 — 4]
2— 2 2]
River. River River.

14

LS

s

Slave River sections

Metres above base

17

Dunes

206 m a.s.l.

Metres above base

18
AR

Figure17c

217 m a.s.l. 34 *WV A

Metres above base

Creek

Metres above river

16
28—| 210m a.s.lo NN N

_ 8 |

26— i

A 206 m a.s.l.

Metres above base

———— 7 A

ataatatatalaiaa w:escsaw}
—a A A A A A A A a4 8110 + 100
a




The deltaic plain extends to the Caribou Mountains in the
west (Fig. 1) and to the east and south along the Slave and
Peaceriverswheremorethan 30 mof incision hastaken place
(Fig. 6). The sections show progradation of the deltawith fre-
guently shifting channels recorded by cut-and-fill sequences
(Fig. 17b, ¢). Y ounger aluvium and deltasediment have been
inset into the older delta by the Peace and Slave rivers. Sev-
eral large channels were cut within the Slave River valley as
lake drainage progressed. These channelsare now abandoned
or occupied by misfit streams (Fig. 6).

The age of deltaic progradation was determined by radio-
carbon dating detrital organic matter deposited within the
sediments. A spruce log extracted from organic-rich, foreset
beds on the north shore of the Peace River yielded a date of
8720+ 80 BP (GSC-5884; section 9, Fig. 17b). Thisgivesthe
maximum age on deposition, and an age estimate on the
approximately 215 m asl. glacia Lake McConnell shore-
line. The apparent age of this shoreline corresponds with the
lake-level curve (Fig. 16) reconstructed by Lemmen et al.
(1994). A second sample was collected from crossbedded
sands at 210 m a.s.l., just south of the Fort Smith townsite at
the base of adrainage canal (section 16, Fig. 17¢). Twigsand
wood fragments yielded aradiocarbon age of 8110 + 100 BP
(GSC-5887), giving an age estimate of the210ma.s.l. glacial
Lake McConnell shoreline. This date also agrees with the
lake-level curve (Fig. 16).

Nonglacial and proglacial environments
Eolian deposits (map unitsE, Er, Ev)

Eolian depositsincluding sheets of windblown sand and dune
fields (map units E and Er) are common throughout the area.
Extensive plains of lacustrine and deltaic sediments were
exposed when proglacia lakes suddenly drained with ice
retreat. This sediment waseasily mobilized because of sparse
vegetation and intense wind caused by the continued pres-
ence of the Laurentide |ce Sheet immediately to the east.

The western edge of the map areaincludes the Wood Buffalo
sand hills, an area of particularly large dunesup to 30 m high
(Fig. 6; David, 1977), formed from an abundance of Pleistocene
delta sand. Recent excavations through smaller dunesin the
northwest show several metres of trough crossbedded sand
deposited from several wind directions (sections 17 and 18,
Fig. 17c).

On the Kazan upland, deltaic and lacustrine sediment is
more localized and eolian blankets are rare. Loess was
deposited as 10-20 cm silt layers overlying till in many hol-
lows on the upland. Most dunes on the Kazan upland are
northwest of Hooker Lake and south of Woodman Lake,
within the zone of the Colin Lake interlobate moraine
(Fig. 6). These dunes are the parabolic type (Fig. 18; David,
1977), similar to the “Cree Lake” dune type (David, 1981).
These dunes are usually elongated in a downwind direction
because they advanced downwind aslong as asource of sand
was available.
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On the Kazan upland, the dunes commonly advanced up
to 3 km onto noneolian sediment or bedrock, extending
beyond any apparent sediment source (Fig. 18). They form
thin ridgesup to 5 min relief and are usually steeper on the
north side. The shape and surface texture of the grainsin the
dune is not appreciably different from the source material.
M ost dunes seem stable and vegetated under the current envi-
ronment, however, shallow blowouts occur on the tops of
some ridges. Thin discontinuous sand covers some areas of
wind-scoured bedrock (map unit Ev).

Most of the dunes in the map area have a predominant
elongation to the northwest implying strong surface winds
from the southeast. This is diametrically opposite to the
predominant present-day winds that blow out of the north-
west. Thissuggeststhat the dunes date from early postglacial
time when a persistent anticyclone was centred over the
Laurentide Ice Sheet and dominated the regional circulation
(COHAP Members, 1988). Consequently, the age of the
dunes can be constrained because they formed in azone
peripheral to the Laurentide Ice Sheet. The demise of theice
sheet allowed Arctic air massesto penetrate southward caus-
ing an abrupt shift in regiona wind patterns. Rapid colonization
by vegetetion in the early Holocene (MacDonald, 1987) fur-
ther stabilized the substrates. Under present conditions, only
small blowouts remain active on the crests of a few shore
dunes, on lacustrine deposits along Lake Athabasca, and on
deltaic depositswest of Slave River. Modern deflationispre-
dominantly to the southeast, directly opposite to the regional
winds of the early Holocene.

Nonglacial environment
Lacustrine deposits (map unitsL1, L1d, L1r)

Typical of the shield, the Kazan upland has an abundance of
lakes whose level s have fluctuated throughout the Holocene.
The greatest changes occurred following the end of thelarge
proglacial lakes and when new drainage networks became
established. Most of the exposed lacustrine sediment (map
unit L1) datesfrom early postglacial timewhen drainage sys-
temswerestill blocked with glacial sediment or buried glacial
ice. Withtime, the plugswere eroded and integrated drainage
systems devel oped, dropping lakelevels and exposing lacus-
trine sediment. Generally, this sediment is thin and indistin-
guishable from unvarved proglacial lake sediment deposited
earlier (map unit L).

The greatest volume of |acustrine sediment was deposited
by the Peace River prograding into L ake Athabasca (map unit
L1d). The modern Peace River deltais usually 15 to 30 m
below thelevel of the Pleistoceneand/or early Holocenedelta
deposited into glacial Lake McConnell. The modern deltais
etched by myriad constantly shifting channels and levees.
Historically, the delta flooded seasonally depositing large
volumes of silt and fine-grained sand. Nonetheless, over the
last few decades, the flow of the Peace River has been con-
trolled and reduced discharge has caused large areas of the
delta to dry out. Most of the contemporary sedimentation
occurs along distributary channels and smaller deltas within
the overall deposit. Comparing airphotos from 1955, 1982,
and 1984 clearly shows the changes.



Modern littoral processes are most prevalent along the
north shore of Lake Athabasca (map unit L1r), particularly
where thick drift provides much sandy sediment. The shore-
lineis affected by wind-driven currents from both the north-
east and southwest, forming prominent beaches and spits.
Large dunes, more than 10 m high, are often behind the
beaches. Most of the dunesappear partly stabilized by vegeta-
tion, but active blowouts are common, as noted above. Some

of theseduneswere probably derived from pre-existing rai sed
beaches, which are also common along the shore. In smaller
lakes littoral processes are minor and are restricted to expo-
sures of sandy drift or glaciofluvial material.

In places on the Kazan upland, high concentrations of
erratic boulders line the lakeshores. The boulders can form
prominent ridges of clast-supported material, but most are

Figure 18. Parabolic dunes north of Hooker Lake indicate strong winds from the south-
east. The dunes formlong thin ridges deposited over barerock, several kilometres from
their source areas of glaciolacustrine sand. The Save moraine (dotted line), trending
from north to south, dams Hooker Lake to the west (left). NAPL A15159-60
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submerged 1-2 m. For example, abedrock island on the east
side of Cornwall Lake (Fig. 2) isbordered by aboulder ridge,
about 3 m abovethelake. The bouldersaretypically angular,
but some are subrounded and may be glaciofluvia deposits
that winnowed out as the lake level fell. These features may
have formed by the ploughing action of lake ice during periods
of acolder climate. Ice-pushed ridges, called “ boulder barri-
cades’, are common along Arctic lake shores and coastlines
(Bird, 1967).

Many larger lakes on the Kazan upland are bordered by
prominent terraces up to 10 m above present levels (e.g. south
end of CharlesLake, Fig. 2). The height of theterraces above
the lakes is relatively constant but it is unlikely that these
lakesare all responding to acommon base-level change. This
suggeststhat thelakesmay have responded to someHolocene
climatic change affecting the water balance.

In places, extensive lacustrine deposits in the northwest
part of the map areaare overlain by large salt flats (Fig. 6) in
areas of ground water discharge. The salt is derived from
Middle Devonian evaporite deposits.

Fluvial deposits (map units A, At, Al)

Development of contemporary drainage patterns followed
thedivisionof glacial LakeMcConnell intheearly Holocene.
Without the influx of glacial meltwater, fluvial activity
abated on the Kazan upland so that only minor redistribution
of pre-existing glaciogenic sediment takes place today. Modern
alluviumisrestricted to narrow flood plain depositsalong the
Peace and Slave rivers and some tributaries (map unit A). In
places, inactive terraces lie a few metres above the modern
flood plains (map unit At). The aluvium consists of fine-
grained sand and silt with small pockets of coarser gravel.
Distinct scroll bars are commonly expressed on the surface
(map unit Al). Beyond the magjor rivers, valleys throughout
the area are occupied by misfit streams meandering through
organic-rich sediments and no appreciable sediment is
trangported. Many large abandoned channels were formed by
rivers draining high levels of Lake Athabasca when it sepa-
rated from glacia Lake McConnell.

Colluvial deposits (map unit C)

Effective mass wasting occurs along cutbanks of the Peace
and Slave rivers. A particularly large landslide is found at
Carlson Landing on the Peace River involving at leasta30m
thickness of material. Other large slumps occur on the west
shoreof Slave River, north of Fitzgerald. In each case, dliding
was enhanced by animpermeablesilt and clay layer underly-
ing thick deltaic sediments. In places, these slides are still
active, as shown by groundwater seepage and freshly rup-
tured surfaces.

Rockfalls occur aong brittle fault zones on the Kazan upland
wheresignificant relief ispresent. Therockfalscaninvolveangu-
lar granitic blocks, severa metresin diameter. Glacial scour and
meltwater action along the fault zones probably oversteepened
them and subsequent unloading enhanced fracturing along
joints (see section on ‘Glacial eroson’).
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Organic deposits (map unit O)

Poorly drained lowlands in the map area are usually covered
by a 1-2 m layer of organic matter that accumulated in
swamps and bogs. The organic matter commonly overlies
lacustrinesilt and clay, and onthesurficial geology maps, this
is shown as a swamp pattern-fill over the lacustrine units
(map units L or L1). Poorly drained depressions abound on
the Kazan upland but the largest areas of organic terrain
occupy the lowlands west of the Slave River.

A mat of organic peat is an effective insulator so that
where the organic layer is 1 m or more thick, the substrateis
often frozen throughout the summer. Themap arealieswithin
the zone of discontinuous permafrost (Brown, 1967). Land-
forms attributed to ground ice growth, such as peat plateaus
and palsas, are common on the Kazan upland where the insu-
lativelayeristhick (Zoltai and Tarnocai, 1975). Peat plateaus,
the larger of the two features, cover a few hundred square
metres at most, and may be tree covered.

Areasunderlain by permafrost arevery sensitiveto distur-
bance and when the insulative layer is disrupted, the surface
rapidly subsides as the ground ice melts. Many peat plateaus
may bedegrading because during the summersof 1992, 1993,
and 1994, the edges of the plateaus were slumping and sur-
face trees had a‘drunken’ appearance, tilting in every direc-
tion. This recent degradation has been reported on aregional
scale and may signify recent climatic warming and resultant
melting of ground ice (Vitt et al., 1994).

QUATERNARY HISTORY

Glacial erosion

The surfacerelief of the Kazan upland was enhanced by gla-
cial scour that eroded the bedrock differentially. Generaly,
the recessive metasedimentary rocks coincide with the
troughs, whereas, granitic rocks form the hills and mylonitic
rocks form prominent ridges. The orientation of the bedrock
structure to the direction of former glacia flow was also
important. When glacial flow was parallel to the structural
orientation, the ice flow accelerated within the troughs causing
enhanced abrasion. Most of the larger lakes on the Kazan
upland are straight-sided, glacially eroded troughs. Con-
versely, resistant ridgesthat lay acrossthedirection of former
ice flow underwent little glacial erosion.

Ice-flow indicators of varying scales are found on the
Kazan upland. The most common are striations, formed by
rock or mineral fragmentsbeing dragged al ong the sole of the
glacier (Fig. 12). On alarger scale, rock drumlins, streamlined
bedrock knollswith long axes oriented in the direction of ice
movement are several hundreds of metres long. In many
places the upstream side of ice-moulded bedrock protuberances
aregently inclined, rounded, and striated, whereas the down-
stream sides are steep and blocky, the result of glacial pluck-
ing enhanced by subglacial freezing of meltwater.
Streamlined bedrock forms are prevalent in the northeastern
parts of the study area showing the strong glacial scour from
the northeast.



Glacial meltwaterswere also effectivein eroding the bed-
rock by cutting subglacial and proglacial channels. The melt-
waters effectively exploited weaknesses along bedrock
lineamentson the Kazan upland. Glaciofluvial depositsin
adjacent valleys are usually connected by these meltwater
channels. Currently, many former channels are dry or occu-
pied by misfit streams.

| ce-sheet configuration and ice-flow patterns

Glacial features such as striae and rock drumlins unequivo-
cally show the direction of ice flow and, therefore, put con-
straints on the former shape of the ice sheet when scouring
took place. Unfortunately, directional features are not
recorded everywhere, and commonly only thefinal flow pat-
tern of the waning ice sheet is recorded.

When the Laurentide Ice Sheet covered the entire region
during the last glacial maximum, the dominant ice flow was
to the southwest from the Keewatin Ice Divide (Dyke and
Prest, 1987). This ice-flow direction is widely recorded by
scoured bedrock landforms and striae in the northern Kazan
upland. However, the strongest flow recorded in the southern
Kazan upland, north of Lake Athabasca, is east to west
(Fig. 12). Thisflow is parallel to the Lake Athabasca trough
and converges with the northern flow pattern along an east-
west zone near the 59°30'N parallel.

The northern northeast to southwest flow progressively
shifts westward as the southern zone of westward flow is
approached (Fig. 12). Thissuggeststhat the northeast to south-
west flow was deflected by westward-flowing icein the south:
two distinct lobesin the Laurentide | ce Sheet must have coex-
isted during deglaciation. As noted earlier, the zone of conver-
gent flow coincided with a belt of thick surficial sediments,
informally named the Colin L akeinterlobate moraine, mapped
along an east-west transect from Colin Lake, to south of Cornwall
Lake, and then to Cockscomb Lake (Fig. 2).

As noted earlier, the southern lobe occupying the Lake
Athabasca trough and southern Kazan upland probably
devel oped during deglaciation when the L aurentide | ce Sheet
thinned and became more influenced by the underlying top-
ography. Initially the Athabasca lobe was probably the
upstream part of a west-flowing lobe that developed in the
Peace River lowland. This lobe formed when the ice sheet
was channelled between the flanking Caribou and Birch
mountains (Fig. 4).

Former meltwater channels on the northern Kazan upland
commonly show that the natural drainage of meltwater flow-
ing south was often diverted to the west (e.g. Fig. 11). This
disruption of natural drainage could only occur if ice dammed
the valleys to the south, and implies that the northern lobe
must have retreated before the Athabasca lobe. Many proglacial
lakesalso formed during thistimeand it ispossible that much
of the glaciolacustrine sediment comprising the Colin Lake
interlobate moraine was deposited then.

With further thinning of the ice sheet, the local topogra-
phy imparted even greater control on the flow. Most of the
later flows were aligned with valleys and along lakes. For

example, setsof striae oriented along the north shore of Lake
Athabasca crosscut the more dominant westerly flow
(Fig. 12). Similarly, in the northern part of the study area, the
dominant southwesterly striae are crosscut by secondary
striae oriented along valley bottoms and elongate lakes.

Ice-flow patterns can be traced only as far west as the
Precambrian—Paleozoic contact along the Slave River
(Fig. 12). Outcropswest of the Slave River arerareand
lithologies are not conducive to preservation of striae. None-
theless, Tsui and Cruden (1984) reported striae bearing 210°
along Salt River in the northwest. Thisimplies that the pre-
vailing flow pattern of the northern sector extended onto the
Great Slave plain (Fig. 1). Lemmen (pers. comm., 1995)
showed similar flow directions north of the study area, in the
Northwest Territories.

Stratigraphy

The main stratigraphic exposures in the area were presented
above. No stratigraphic sections had sediments that could be
attributed to pre-Late Wisconsinan events athough some
black clays underlying the Pleistocene delta along the Peace
River may be older than glacial Lake McConnell. On the
Kazan upland sporadic deposition of till and few exposures
makestratigraphic correlation of till impractical. Thegreatest
difference occurs between sandy till on the shield exposed on
the surface and in section at MyersLake (Fig. 9) and calcareous
till derived from Pal eozoic rockswest of the Slave River (sec-
tion 19, Fig. 17c). Natural sectionsof glaciofluvial sediments
are also rare because of the loose nature of the sediment,
although particularly good exposures are found in gravel pits
near Myers Lake (Fig. 9) and near Fort Chipewyan (Fig. 10).
A compositereconstruction of the stratigraphy in the western
part of themap areahasice-contact glaciofluvial gravel over-
lain by glaciolacustrinefines, inturn, overlain by deltaic sand
and regressive strandline deposits and dunes.

Conclusion

L ate Wisconsinan glaciation was responsible for much of the
glacial geomorphology and all of the glacial stratigraphy
found in the map area. The glacial maximum was achieved
after ca. 27 kaBP, based on the age of subtill organic material
found southwest of the region (Liverman et al., 1989), and
was maintained until ca. 18 ka BP (Dyke and Prest, 1987)
when the Laurentide | ce Sheet inundated the areawith strong
flow fromthe northeast. Two convergent ice-flow patternson
the Kazan upland, north of Lake Athabasca, were formed by
two lobes of ice emanating from the ice sheet. These lobes
probably developed during deglaciation, ca. 11 ka BP, when
uplandstothewest and south emerged abovetheice. The
retreating ice front crossed the entire study area over avery
short period, ca. 11-9 ka BP, but the effects of glaciation on
meltwater drainage lasted for at least another 1 ka. Astheice
margin withdrew, glacial Lake McConnell, an extensiveice-
marginal lake, inundated al land below 305 m as.l., and
extensive lake sediment was deposited over the lowlandsin
thewest (Fig. 19).
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Figure 19. Schematic profile of the Laurentide | ce Sheet and glacial Lake
McConnell during deglaciation (about latitude 59°03'N). A) At 10 ka BP
the ice margin built the Save moraine subaqueously when glacial Lake
McConnell inundated deglaciated lowlands below 305 ma.s.l. B) Theice
sheet eventually thinned along the margin to the extent that ice-marginal
crevassesformed and calving took place. C) Thethinning margin became
buoyant to the extent that very rapid retreat of the ice margin occurred
and a series of De Geer moraines formed beneath the ice. D) Eventually
the margin of the Laurentide |ce Sheet retreated from the Save moraine
and glacial Lake McConnell inundated the east (proximal) side of the
moraine. Glacial Lake McConnell was rapidly dropping by thistime and
shorelines, marking the maximum|akelevel, werenot recorded east of the
Save moraine. E) When the margin of the Laurentide | ce Sheet retreated
within the Lake Athabasca trough, several lakes formed between the ice
margin and higher ground to the north and west.



Theretreat of theice margin was marked by stillstands or
minor readvances recorded by local accumulations of glacial
sediments. Two significant pauses in retreat occurred at
ca. 10kaBP, when theicefront was 10-30 km east of the Slave
River, forming the 120 km long Slave moraine (Fig. 6). The
Slave moraine is thought to be the northern extension of the
Cree Lake moraine of northern Saskatchewan (Prest et d., 1968).
The Cree Lake moraine marks a margin of the Laurentide Ice
Sheet that extended across northern Saskatchewan to Manitoba
Because the Save moraine was deposited subagueoudy, subsequent
retreat of the ice front caused glacid Lake McConnell to overtop
the moraine and inundate proximal lowlandsto the east. Rapid
initial withdrawal of theice front from the Slave moraine
occurred in the Lake Athabasca basin where water depths
were greatest and glacial calving took place forming De
Geer moraines(Fig. 19). Glacia LakeMcConnell fell rapidly
because of glacio-isostatic rebound and free drainage through
the Mackenzie River system. Consequently, extensive regres-
sive shorelines were built on the Slave moraine and along the
north shore of Lake Athabasca. If the glaciolacustrine varves
found in the map area represent annua deposition, the maxi-
mum stage of glacial Lake McConnell probably did not last
much more than 50 to 200 a. As glacia Lake McConnell fell,
the Slave moraine blocked many westward-flowing valleys
and many smaller lakes persisted until the moraine was
breached by spillways. Several present-day lakes are till
dammed by the Slave moraine.

Many ephemeral lakes were created when the ice front
retreated eastward acrossthe shield (Fig. 19). Impounded by
ice-blocked drainage, these lakes were filled with sandy gla-
ciolacustrine sediments and glaciofluvial deltas (Fig. 11).

Elsawhere, meltwater scoured channelsin bedrock. Thinning
of the ice sheet exposed the Colin Lake interlobate moraine
that formed when the northern and southern ice lobes con-
verged. Thisinterlobate zone accumulated thick glaciofluvial
and glaciolacustrine sediment. Patterns of meltwater diver-
sions suggest that after initial retreat of the ice front from the
Slave moraine, the northern part of the map areabecameice-
freefirst. In the south, the L ake Athabasca lobe continued to
occupy the Lake Athabasca trough and ponded meltwater
aongitsmargin onthe Kazan upland wherethick accumulaionsof
glaciolacustrine sand were deposited. By the time the ice front
retreated into Saskatchewan, most lakes drained and large
expanses of sandy sediment were exposed to strong southeast-
erly winds forming extensive parabolic dunes. These winds
were alate glacial feature caused by a strong anticyclone that
persisted over the remnant Laurentide Ice Sheet.

By ca 8.7 ka BP, the retreating Lake Athabasca lobe
opened an embayment in glacial Lake McConnell. This
embayment wasfirst called glacia Lake Athabasca by Schreiner
(1984). Aslakelevelsdropped, the Peace River formed adelta
over the Great Slave plain, and eventually, Lake Athabasca
separated from glacial Lake McConnell along a prominent
bedrock sill near Fort Smith (Craig, 1965). By ca. 8.2 ka BP,
ancestrd Great SaveLake (aremnant of glacid Lake McConndll),
receded north of Fort Smith to a level of about 204 m asl.
(Vanderburgh and Smith, 1988; Lemmen et a., 1994). The
Slave River entrenched large channelsinto the plain asglacia
Lake McConnell receded northward. On the Kazan upland,
lake levels continued to decline throughout the Holocene as
dams of glacial sediment were eroded and modern inte-
grated drainage patterns devel oped.
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Figure 19 (cont.)
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ECONOMIC AND ENGINEERING
GEOLOGY

Thesurficial geology mapscan beapplied directly toland use
and exploitation of mineral aggregate resources. Many
unconsolidated deposits in the region have a sand to gravel
texture (Fig. 7) with varying percentage of boulders. The
guartzose sand composition of the glaciofluvial deposits
(map unit G) provide the best construction materials but sorting
in esker segments and especially the Slave moraine is gener-
ally restricted to discontinuous lenses (Fig. 9). Large glacio-
fluvia deposits near Fort Chipewyan and within the Colin
Lake interlobate moraine (Fig. 6) have a more uniform sand
composition. Sand dunes (map unit Er) also could provide a
ready source of well sorted aggregate. Godfrey (1986) noted
several potential quarry sites where quality building stone
could beextracted fromtheglacially scoured granitoid rocks.

The Slave moraine forms a nearly continuous ridge for
tens of kilometres and could provide a useful north-south
transportation corridor above surrounding lowland filled with
lacustrine mud. As with most glaciofluvial deposits in the
area, the moraine is well drained, stable, and composed of
hard inert rock with good | oad-bearing capacity. The shieldis
alsovery stablebut hasvery irregular topography andispitted
by many poorly drained depressions.

Conversely, eolian deposits stabilized by vegetation and
vegetated areas underlain by permafrost are very sensitive to
disturbance. Once the vegetation is removed, the substrateis
destabilized. Asnoted, theregionisnear theborder of discon-
tinuous permafrost (Brown, 1967) so that permafrost is pres-
ent in areas in poorly drained organic terrain and absent on
gravelly glaciofluvial terrain. Where ground ice is present,
any disruption of theinsulation cover can cause slumping that
becomes self-perpetuating. Low areas mantled by lacustrine
deposits often have tracts of continuous muskegs that have
low density and little strength with very poor potential for
transportation corridors.

The following highlights the results of the geochemical
survey on glacial drift. Readers are referred to Bednarski
(1996) for more detail.

1. Distributions of elements measured in the silt and clay
fractions of glacial drift, indicate that many samples are
enriched in the clay fraction. These anomalies were
located by statistically derived contour maps. Some
anomalies correspond with reported mineral showings
(Godfrey, 1986; Langenberg et al., 1994) and anomalies
recorded in lake sediments (McCurdy, 1997).

2. Heavy minera analysis of 10 drift samples found one
kimberlite indicator mineral from a glaciofluvial deposit
near Colin Lake.

3. Gold anomalieswest of Tulip Lake and east of the south-
ern part of Andrew Lake are just west of gold anomalies
discoveredin sediment by McCurdy (1997) and gold min-
eralization zones identified by Salat et al. (1994). The
anomalies reported here were probably displaced west-
ward by glacia flow.
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