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INTRODUCTION 

T he term Quaternary refers to about the last million 
years of the ea rth's history and is set apart from the Ter
tiary period by reason of the climatic changes that gave rise 
to success ive glaciations of vast reg ions, and to a general 
lowering of snowlines th roughout the world . Some recent 
oceanographical and paleontological data suggest that the 
climatic changes actually may have begun as early as 3 
mill ion years ago. 

T he geology of the gl acial and non-glacial deposits 
that mantle the bedrock and various aspects of the land
scape that are attributable to Quatern ary events a re dis
cussed in this chapter. The term Quaternary in the 
wri ter's opinion , may be interchanged with Pleistocene 
as applied to Canada. This term is frequently used in 
Canada as it more readily conveys the glacial and climatic 
connotations, and accordingly is generally used here. 
T he Pleistocene also includes the present, very short, 
non-glacial interval which is commonly termed Recent. 
Jn Canada, Recent may be rega rded as comprising the 
last 7,000 yea rs-the period following dissipation of the 
major part of the last mainl and ice sheet. 

A t present, about 10 per cent of the earth 's land 
surface is covered by glacier ice whereas during former 
glaciations as much as 30 per cent was under ice and 
perm anent snowfields. About 97 per cent of Canada has 
been glaciated, and hence this country contains more 
glaciated terrain than any other; at present about one 
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per cent remains under glacial cover-in the Queen 
Elizabeth Islands, Baffin Island , and in the mountains of 
western Canada. An area of ab out 70,000 square miles 
in the western Yukon, in the shadow of the coastal moun
tains, escaped glaciati on altogether. Two elongate areas 
along the mountain front west of M ackenzie River in 
Northwest Territories, comprising about 4,000 square 
miles, are also thought to be partly unglaciated, but have 
been little studied . A small area in the Foothills of south
western Alberta stood higher than the adjacent interior 
ice sheet, but harboured elongate valley gl aciers from the 
mountain ice on its western side. P arts of the southern 
Interior Plains close to the Intern ational Boundary and 
near the southern terminus of the interior ice sheet 
apparently stood higher than the surrounding glaciers 
and escaped glaciation . 

The organic remains preserved in the surficial 
deposits are mainly those of modern species. Study of 
their stratigraphic position and geographic location relative 
to their present distribution reveals info rmation on former 
migration of plants and animals. Extinction and evolu
tion of species occurred in, the Quaternary, but not to the 
same degree as in earlier periods. 

Man made his appearance during the Quaternary and 
his development has been controlled to a large degree by 
the climatic conditions so characteristic of the period . It 
is generally believed that it. was the lowering of sea level, 
consequent upon the amount o f water incorporated in 
continental ice, that allowed A siatic tribes to migrate to 
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Viking Ice Cap and glaciers, Ellesmere Island, 
Northwest Territories. 

North America, mainly by land, via the Bering Sea land
bridge (north of Aleuti an Isl ands chain). Later, as the 
glaciers waned , these people left the unglaciated ref ugia 
in Alaska and Yukon Territory, migrating eastward along 
the arctic coast and southward into the interior of the 
continent. Some of these people-the early North Amer
ican Indians-camped along glacial lakes and spillways 
that have long since disappeared. 

The Quaternary includes four major glaciations each 
of which occupied a period of about 100,000 years. From 
oldest to youngest these are known as N ebraskan, Kansan, 
Illinoian, and Wisconsin. They were separated by longer
term, interglacial intervals-the Afton ian, Ya·rmouth, and 
Sangamon-when climates were as warm or warmer than 
now and when the continent must have been largely ice 
free. Under such conditions a rich and varied flora and 
fauna must have occupied most parts of Canada. Few 
deposits, however, can be assigned with certainty to these 
interglacia l intervals though all are probably represented 
in some known occurrences. Interglacial sediments buried 
by glacial drift have been reported from the Maritimes, 
Great Lakes, Interior Plains, Cordillera, and Arctic; all 
the intervals must be represented in the stratigraphy of 
Porcupine Pl ain in northern Yukon Territory, though this 
has as yet been little studied. 

E ach of the four major glaciations was interrupted 
by relat ively short-term non-glacial intervals or interstades . 
These were times when the climate ameliorated and the 
glaciers receded extensively from peripheral zones but 

presum abl y continued to occupy part of the mainland. 
Plants and animals tolerant of a cool climate migrated 
into the newly deglaciated areas, only to have their 
progeny di spl aced by the re-advancing glaciers at a later 
date. In Canada such interstades have been recognized 
only within the Wisconsin Glaciation . The best known 
occurrences are in Lake Erie region of Ontario and 
around Strait of Georgia, British Columbia. 

There is no generally accepted classi fication scheme 
for Wisconsin age sediments, but they may be subdivided 
on the basis of glacial and non-glacial deposits. By 
means of radiocarbon ( C 14 ) dates of organ ic m aterials 
contained in some deposits, reli able correlation between 
scattered sites dating back to about 45,000 years have 
been made, but the detailed geological and biological 
stud ies necessa ry to support the age determinations are 
usually lacking. Reliable age-datings are generally 
restricted to the last 25 ,000 or 30,000 years B.P.1. 
Investigations in the Lake Erie region indicate a mid
Wisconsin interstade occupying a period of about 20,000 
years. This has enabled subdivision of the Wisconsin 
Glaciation into two main stages-early and late . The 
latter is commonly termed the 'Classical' Wisconsin. Fluc
tuations of the ice fronts during the mid-Wisconsin inte·r
stade compli cate the stratigraphic record. This interstade 
was brought to a close by a major ice-frontal advance 

1 B.P ., "Before Present", refers to th e year 1950. Thi s is to be und erstood 
in connection with all datings that follow, though it will not always be 
repea ted . 
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during which the glaciers returned to the vicinity of the 
limit reached during the earlier Wisconsin Glaciation. The 
late or Classical Wisconsin climax occurred about 20,000 

years ago, and as mentioned earlier most ice had dis
appeared from the mainland by 7,000 years B.P. The 
time transgressive stratigraphic relationships recognized 

FIGURE Xll-1 

Time-stratigraphic re
lationships of late 
Pleistocene in east-

central Canada. 
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in east-central Canada during the late Quaternary are 
illustrated diagrammatically in Figure XIl-1 ; similar rela
tionships are no doubt applicable to the whole of the Qua
ternary and to a ll parts of Canada. 

Because there are uncertainties regarding Wisconsin 
events and their implications in different parts of Canada, 
and because many samples submitted for radiocarbon 
analyses have been given "greater than" datings, it is not 
yet possible to discuss interglacial deposits separately 
from Wisconsin, or other interstadial deposits . Further
more, because of the general lack of paloontological or 

other data sufficiently accurate to identify specific inter
glacial deposits, the associated till sheets cannot be iden
tified. Thus all deposits that predate the climax of the 
late, main, or Classical Wisconsin a re discussed together, 
followed by an account of the last glaciation, and of 
deglaciation. In some parts of the Arctic and the Cord ill era, 
glacial condi tions have prevailed to the present and are 
manifested in the form of ice caps and mountain glaciers; 
for oonvenience, fluctuations of these ice masses a re 
discussed a<long with Wisconsin deglacial events though 
strictly speaking they are post-Wisconsin. 

THE OLDER GLACIAL AND NON-GLACIAL RECORD 

This section deals with the Canadian record of the 
Quaternary prior to the climax of the Classical Wisconsin 
Glaciation; it includes glacial, interglacial, and inteTstadial 
deposits and the events that caused them or othcrwise 
modified the landscape. Local ly the deposits may be pre
glacial and represent events occurring in the earliest 
Quaternary . 

Organic remains form a small but vitally important 
part of the sedimentary Tecord, and are given consider
able attention here. As a result of recognition of the 
environment and age of the non-glacial sediments the 
glacial sediments above or below them may be tentatively 
assigned to a particular glaciation. The deposits them
selves and pertinent aspects of the physiography are 
treated on a regional rather than temporal basis. 

Appalachian Region 

The physiography of the Appalachian Region reflects 
some aspects of the older glacial and non-glacial intervals 
but these are, in general, effectively masked by the more 
obvious fresh landforms and deposits of the last glacia
tion . Numerous estuaries represent the drowned parts of 
former river systems that may have been operative during 
times of lower sea level in Quaternary time. R. H. 
MacNeill (Acadia Univ.) believes many of the streams in 
Nova Scotia are re-excavated preglacial channels, and 
also that some till-mantled coastal terraces were probably 
cut during preglacial times . A grey sandstone regolith is 
found in parts of eastern New Brunswick both at the sur
face and beneath a mantle of red, sandy till. It is formed 
of soft Pennsylvanian sandstone and siltstone, up to 25 
feet thick, and argues against extensive modification of 
much of the topography at this time. The highlands of 
New Brunswick show surprisingly little evidence of glacia
tion; erratics appear to be absent over large areas and the 
bedrock is soft and deeply weathered. 

Interglacial and interstadial deposits together with 
associated glacial deposits that predate the Classical Wis
consin have been recognized on Cape Breton Isl and, and 
one deposit is known on the Nova Scotia mainland; none 

has been recognized in Newfoundland, Prince Edward 
Island, New Brunswick, or the Gaspe. 

Buried Organic Deposits (Fig. XII-2) 

Bay St. Lawrence. Unconsolidated materials on the north
eastem end of Cape Breton Isl and form a seacliff up to 
150 feet high and comprise strat ified sediments, with some 
organic materials, between stony till-like layers . Towards 
the southwest, bevelled bedrock is exposed beneath the 
drift . Up to 20 feet of hard-packed sand-gravel ' till' 
occurs at the base of the drift section. This is overlain 
by as much as 4 feet of interbedded fine gravel and silt, 
or by a boulder layer believed to be a washed-surface of 
the till. The stratified unit and boulder layer is overlain 
by a dense organic layer, a few inches to a foot thick, 
followed by 2 feet of stratified silt and as much as 30 
feet of interbedded sand and gravel grading upward into 
cobble gravel. The si lt beneath the organic layer was 
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FIGURE Xll-2. Location of buried organic deposits in Nova Scotia. 
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found to contain spores derived solely from Mississippian 
rocks. The organic bed represents a detrital sediment and 
contains pollen of alder, birch , black and white spruce, 
jack pine, balsam fir; a trace of juniper, willow, blue 
beech and walnut; and a variety of shrubs, herbs, grasses, 
ferns, mosses, and fun gi (Mott and Prest, 1967). A piece 
of wood identified as tamarack has yielded a radiocarbon 
dating of > 38,300 years (GSC-283) 1. The immediately 
overlying silt beds contain similar pollen and spores but 
higher strata are barren . Nearby, E. H. Muller noted a 
lens of tan, silty clay, 12 feet thick at its maxi mum 
and 200 feet long. Ove rlying this lens and the cobble 
gravel (reported above) is a sandy boulder till some 30 
to 90 feet thick, which becomes increasingly coarser 
upward; boulders as much as 8 by 5 feet occur near the 
surface. 

In the clay lens aTe fragments of Megayoldia thracae
formis, a marine mollusc inhabiting waters colder than 
those su rrounding Cape Breton today. The cl ay also 
contains pollen of alder and birch indicative of a cool 
climate but with pine, some oak, and a trace of basswood; 
otherw ise the assembl age is simil ar to that of the detrital 
organic layer. Dinoflagell ate cysts of Quaternary age 
and spo res from the nearby Mississ ippian rocks are also 
present. The fossil record and radiocarbon date on the 
buried organic materials clearly indicate a pre-Classical 
Wisconsin cool period ; this may be very early Wisconsin 
or perhaps late Sangamon. 

Hillsborough. Jn sou thwestern Cape Breton Isl and 
between M abou and Hillsborough from 8 to 12 feet of 
dull red, compact, clayey till overlies some 5 feet of strati
fied silty to clayey sediments that contain streaks and thin 
lenticu lar beds of carbonaceous material, and a basal 
laye r of peat, silt, and wood a few inches to two or more 
feet th ick . The organic layer rests on up to 18 inches 
of silt which in turn rests on an uneven ortstein layer 
developed on the surface of a highly oxidized sand and 
gravel more than 11 feet thick . The base of the exposed 
section at road level is about 10 feet above the level of 
the river and the sea. 

T he silty sediments and the peat bed (Mott and 
Prest, 1967 ) contain five psillen zones with a different 
assemblage predominati ng in each. The whole assemblage 
indicates a forest cover simila r to that of the Boreal Forest 
Region rather than that of Cape Breton today. Wood 
from the base of the peat layer is dated at > 51,000 years 
(GSC-370) . An early Wisconsin or other interstad ial 
interva l is indicated but correlation with the Bay St. 
Lawrence site is not justifiable. 

Wh ycocomagh. Buried organic beds m a hi ghway-cut in 
the village of Whycocomagh, Cape Breton Island , were 

1 These lett ers r efer to the radiocarbon laboratory ; esponsibl e for th e 
age dating and the number is th e sample reference nu mb er. GSC. 
Geol og ical Survey of Canada: Gx. Geochron. Laborator ies : Gro a nd 
GrN , Groni ngen, N eth erlands: I. Iso topes Inc. : L. Lamont Geolog ical 
Observa tory: S, University of Saskat chewan ; Y, Yale Cni ve rsit y : W, 
U.S. Geol ogical Survey. 

re-examined by the writer following an anomalous radio
carbon dating obtained on wood from this site . Gravelly 
till-like material 10 feet thick overlies 5 feet of stratified 
sediments ranging from fine gravel to silt and including 
a few inches of silty peat with scattered wood. The 
organic laye rs rest on 15 inches of partially oxidized cl ay 
and silt overlying 10 to 16 feet or more of stony, clay 
till that rests on an irregular bedrock surface. The 
stratified sediments extend for more than 50 feet, pinching 
out to the west as both bedrock and till mantle rise towards 
the surface. Pollen in the organic layer (Mott and Prest, 
1967) is characterized by an assembl age dominated by 
alder, birch, spruce, and pine, and similar to part of the 
Hill sborough pollen diagram. Wood from the o rganic 
layer has an age of > 44,000 years (GSC-290). The sites 
are only 15 mil es apart at opposite ends of a through
going valley with a low d ra in age-divide; both sites li e close 
to sea leve l. They are believed correlative. 

Benacadie. Intertill stratified sediments occur in a shore
cliff south of Benacad ie at the entrance to East Bay, Bras 
d'Or Lake. Some 50 feet of redd ish, stony, clay till over
lies 5 feet of well-bedded clayey silts and a lower 20 feet 
of sand-gravel till. The clay-silt beds have a high per
centage of pollen of pine (probably jack pine) and sedge, 
with lesser amounts of birch, alder, and grass (Mott and 
Prest, 1967) . The assemblage has mo re aff inities with 
the Bay St. Lawrence pollen di agrams th an with those of 
the nearer Whycocomagh and H ill sborough sites. Another 
occurrence of intertill stratified sediments was fou nd by 
Terasmae and Mott near Derby Poi nt 4 miles northwest 
of Benacadie. Beneath the level of the shore road, 2 feet 
of reddish, clayey -till ove rlies a few fee t of silty clay, sand 
with plant detritus, and sanely gravel that rest on about 
10 feet of slumped till down to sea level. The intertill 
silty clay did not carry pollen. 

L eitches Creek . P art of a drill-log and some samples from 
a borehole at Leitches Creek, west of Sydney, that pene
trated some 190 feet of overburden. indicate the presence 
of two laye rs of organic-bea ring sed iments each underlain 
and overlain by till. Prelimin ary pollen studies suggest 
that the lower organic hyer is of interglacial age and that 
the upper layer correlates with the Hillsborough inter
staclial interval. 

Inhabitants River. Buried organic deposits were reported 
in 1868 by J. W. Dawson from Inhabitants River, Cape 
Breton Island . A hard, peaty bed with roots and branches 
of coniferous trees rests on grey clays and underlies about 
20 feet of till. The site has not been relocated. 

Milford. A unique deposit of buried organic material 
found as overburden was removed at the gypsum quarry 
21/z miles south of Milford Station, Nova Scotia. Beech 
nut (Fagus sp.), hickory nut (Carya sp., cf. C. aquatica), 
bayberry seed (Myrica pennsylvanica), and a beave r-cut 
stick were collected from a sinkhole in the gypsum. The 
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wood was dated at >33,800 years (GSC-33). The fol
lowing notes on the quarry site and its environs are based 
on observations by W. Take (Nova Scotia Museum). 

The surface of the gypsum displays a karst topogra
phy (Pl. XII-1). In the base of depressions there is 
usually a mixture of slumped till and glaciofluvial 
materials, overlain by unfossiliferous brown to grey clay 
and sphagnum peat containing gastropods and patches of 
slumped 1ill. Overlying the peat unit is highly fossilifer
ous grey clay and sandy clay. The thin basal part of the 
clay is characterized by abundant macrofossils of white 
pine and rare hemlock; the latter increases upward and 
is evenly distributed. Logs, beaver-sharpened sticks, cones, 
insects, mollusca, amphibian and mammalian remains were 
collected from the stratified clays. An erosional uncon
formity separates the clay from plant-bearing sands
mainly spruce, fir, and rare white pine cones. 

The sinkhole deposits and the glacially scoured sur
face of the bedrock are evenly truncated and overlain by 
a compact, grey, gypsiferous till. In places this till carries 
woody detritus; in two places it has a boulder pavement 
developed on it. The till is general ly overlain by sedi
ments grading from unfossiliferous grey clay through 
fossil -bearing silty clay, into highly fossiliferous grey sand 
with abundant twigs of coniferous trees as well as cones 
of spruce and rarely of fir. Overlying these sediments are 
two very similar tills, separated in valley bottoms by 
orange-brown gravelly sands. The basal part of each 
till, and especially of the lower one, is gypsiferous. The 
tills change from grey near the base to grey-brown at the 
top. In upland sections the combined till is a uniform 
brown colour, does not contain gypsum but is deeply 
oxidized. At one locality it has a well-developed soil
profile. 

Lying on a grey-brown till about 35 feet above sea 
level in some valleys is an orange-brown to red-brown 
laminated clay with vertical rootlets in its upper part 
suggestive of a marsh environment. At somewhat higher 
elevations, a black clay carries mollusc remains, white 
pine cones, hemlock bark and cones, and red oak acorns. 
A distinctive red-brown clay till overlies the stratified sedi-

PLATE Xll-1 
Karst topography on gypsum at site 
of interglacial deposits, Milford, 
Nova Scotia . The si nkholes con
tained a mixture of glacial and 
non-glacial sediments including 
organic materials dated at > 38,000 
years B.P. The gypsum surface is 
ice scoured and overlain by a com
plex of tills and fossiliferous sedi
ments visible in bluff in background. 

ments in low areas, and the grey-brown tills on higher 
ground. This is fo llowed by a complex of red clays, red 
till, minor glaciofluvial sand and gravel, and a thin sand
gravel till unit, the last strictly confined to the valleys. 
Glaciofluvial sand and gravel, and stratified clay and silty 
clay, both with the modern soil profile or a cu ltivated 
surface, complete the sequence of deposits. 

Take considers the Milford deposits to represent parts 
of the Kansan, Illinoian, and Wisconsin Glaciations, as well 
as the Yarmouth and Sangamon interglacial intervals. 
Certainly interglacial as well as interstadial fossil assem
blages are indicated, but the implications of the karst 
topography have precluded definite correlations. 

St. Lawrence Lowlands 

Major features of the physiography of the St. Law
rence Lowlands, such as Niagara Escarpment and the 
bordering highlands of the Canadian Shield and Ap
palachian Region, predate the Quaternary and, except for 
local over-deepening of valleys and some glacial scour, 
were little changed by glaciation. The great morainal 
belts in southwestern Ontario bear testimony to the direct 
effects of glaciation. Drift thickness in the Oak Ridges 
interlobate moraine reaches over 1,000 feet, and there is 
some evidence of a buried drainage system north of Lake 
Ontario beneath what is now a major ridge overlooking 
the lake. The St. Lawrence and Ottawa River valleys are 
filled by 100 to 200 feet of marine sediments, and in an 
area of high bedrock knobs north of Oka-sur-le-Lac a 
channel containing about 400 feet of drift rests on rotted 
bedrock some 175 feet below present sea level. Thus the 
flat valley bottoms bear little resemblance to the more 
mature drainage systems of interglacial and preglacial times. 

In the St. Lawrence Lowlands the only undoubted 
interglacial deposits are those of the Toronto area whe're 
the Don Formation is assigned to the Sangamon inter
glacial interval, and the basal York Till is thought to 
represent an Illinoian glaciation (Karrow, 1967). Near 
Trois-Rivieres, Quebec, and Toronto and London, Ontario, 
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numerous occurrences of buried organic materials appear 
to represent non-glacial intervals within the span of the 
Wisconsin glacial period . 

Buried Organic Deposits (Fig. XII-3) 
Trois-Rivieres. The Quebec part of the St. Lawrence 
Lowlands near Trois-Rivieres has been studied in some 
detail by Gadd ( 1960, in press). The St. Lawrence Valley 
drainage system appears to have been blocked in very 
eariy Wisconsin time, giv ing rise to a glacial lake and 
deposition of reddish varved clays (Table XII-1). T hese 
clays were later overridden by the glacier and the Becan
cour Till, a brick-red, somewhat sandy, clay till, was 
deposited . This till is known over a wide area south of 
the St. Lawrence, but the southern limit reached by the 
glacier is unknown'. The till derives its rich red colour 
from the Ordovician, Queenston, red sha les. Most stones 
in the till, however, arc Preoambrian types and hence the 
glacier that deposited the till came from the Canadian 
Shield, presumably from the Laurentian Highla nds . How
ever, neither the red till nor a correlative grey till has 
be::n recognized north of St. Lawrence River. 

The type section of the St. Pierre sediments is near 
St . Pierre les Becquets, Quebec (Gadd, 1960). The name 
'St. Pierre' is give n to the intcrtill sedi ments and to the 
interval during which they were deposited. The sediments 
overlie the red Becancour Till and consist of sand and sil ty 
sand with lenticular and d iscontinuous beds of highly 
compressed peat and some disseminated organic matter. 
The sand unit has a max imum thickness of 25 feet, but 
at the type section is only 13 feet thick and includes three 
layers of peat. The upper and thickest peat bed where 
observed along a ravine near St. Pierre les Becquets was 
1.75 feet thick and was traced for over 200 yards. Each 
peat layer begins with a gyttja and grades upward through 
Carex peat into Sphagnum peat with abundant tree and 
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FIGURE Xll-3. Location of bu ried organic deposits in St. Lawrence 
Low lands . 

other plant remains, the whole suggestive of periodic flood
ing of the lowlands. 

The St. P ierre sediments occur for about 50 miles 
along the south side of St. Law rence Ri ver from Pierre
vil lc to Descha illons and inl and for about 20 miles to Ste. 
Brigitte (Pl. XII-2) . They have also been found on the 
north side of the river, at Les Veill es Forges, about 6 miles 
northwest of Trois-Rivieres (Gadd and Karrow, 1960). 
According to P. F. Karrow, it is very likely that the 
organic-bearing sediments reported by A. P. Coleman at 
D onnacona 50 miles to the east are the equivalent of the 
St. Pierre sediments. Some peaty sediments of uncertain 
stratigraphic posit ion and non-organic sediments between 

PLATE Xll -2 
Section of postglacial sediments, Gentil ly 
Till, and St. Pierre sed iments on Becancour 
River, north of Aston Junction, Quebec. 
Sediments a re probably underla in by red 
Becancour till exposed downstream. (A) 
St. Pie rre sand and pebbly sand > 60 feet, 
(8) Gentilly Till 15 feet, (C) Champlain Seo 
clay 24 feet, (D) alluvial sand 6 feet. 
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two tills elsewhere in the region suggest that the St. Pierre 
sediments are even more widespread. The whole appears 
to represent an old fluvial system that is slowl y being 
exposed by the St. Lawrence River and its tributaries. 

P alynologica l studies of St. Pierre sediments reveal 
that spruce, pine, birch, and alde r are the main tree types 
present, and that oak, beech, maple, e lm , ash, and hickory 
together form only 2 to 5 per cent of the tree pollen in 
the middle and warmest part of the sequence. Hemlock 
is noticeabl y absent. The pollen spectrum is si mil ar to 
that of the early postglacial assemblages in the St. Law
rence Lowlands, except for the absence of hemlock, and it 
is similar to that of the boreal forest today (Terasmae, 
1958, p. 20). Beetle wings are fairly common in the peat 
beds and a few ostracods have been noted . T erasmae 
concludes th at the climate rem ained fa irly constant 
throughout most of the St. Pierre interval with sub-arctic 
conditions prevailing near the bottom and top , and that 
a rel atively short span of time is in volved . 

Samples from Pierreville and St. Pierre were dated at 
G roningen by an isotopic enrichment method at 67,000 ± 
2,000 years and 64,000 ± 1,000 years, and a sample from 
D onnacona by conventional techniques at > 44,470 years 
(Y-463). Thus, St. Pierre sed iments are inferred to 
represent an early Wisconsin non-glacial interval. The St. 

Leaside Till 

Thorncliffe Formation 

Sunnybrook Till 

TABLE XII-I 
Composite section of Pleistocene de
posits, St. Lawrence Lowlands (by N. R. 
Gadd) 

Bog deposits 
Low terrace sa nds, el. ea. 100' 
High terrace sands, el. ea. 300' 
Champlain Sea sand 
St. Narcisse Till 
Champlai n Sea clay 
Gentil ly Till 
Lake Deschaillons varved clay 
St. Pierre sediments 
Red-banded varved clay 
Becancour Till 
Red varved clay 
Bedrock (Queenston red shale) 

(Max. known 
thickness, feet) 

20 
10 
10 
25 
15+ 

100 
15 
70 
25 
5 

55 
5 

Pierre sed iments are overlain by the Lake D eschaillons 
varved clay, 70 feet thick, deposited in a proglacial Jake; 
these in turn are overlain by Gentilly Till deposited by 
the advancing ice sheet. This ice cover persisted through
out the greater part of Wisconsin time until final recession 
of the ice sheet and incursion of the sea into St. Lawrence 

South 

Till 

Till 

Lake Iroquois terrace (sand) 

Scarborough Formation (sand member) 

Scarborough Formauon (clay member) 

Lake Ontano 

Dundas Formation (Ordovician shale) York T1/I 

FIGURE Xll-4. Schematic diagram showing stratigraphic relationsh ips of Pl eistocene deposits at Scarborough Bluffs, Toronto, Ontario 
{after Korrow, 1964). 
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FIGURE Xll -5. Schematic diagram showing stratigraphic relationships 
of Pleistocene deposits in Don Valley brickyard , Toronto, Ontario (after 
Karrow, 1964) . 

Lowlands almost 12,000 years ago. Subsequently, dif
ferential uplift of the land caused regression of the sea, 
and the present drainage system was established. 

Toronto. The most famous buried, non-glacial Pleistocene 
deposits in Canada are those of the Toronto area. They 
have been known for over a century a11d have been under 
more or less continual observation in the Don Valley 
brickyard operat ions since 1889. Recent studies have 
done much to clarify the chronology recorded by the 
complex deposits. The non-glacial organic-bearing beds 
have been encountered in the extensive subway excava
tions and other construction projects of the last decade. 
The sequence of non-glacial deposits in the region is 
shown schematically in Figures XII-4 and 5. 

In the Don Valley brickyard the basal York Till is 
one to four feet thick and rests on Ordovician strata. It 
is overlain by fossil-bearing stratified sediments of the 
Don Formation (Karrow, 1964, 1967). An appreciable 
hiatus occurred between the deposition of the York Till 
and the Don Formation as the basal parts of the latter 
contain pollen of a warm flora (Terasmae, 1960, p. 33). 

The Don Formation consists of up to 25 feet of 
generally well stratified clay and sand displaying some 
crossbeds and cut-and-fill structures, and containing 
scattered remains of a wide variety of plants and animals. 
Noteworthy among the plants, in that they do not range 
so far north today, are southern white cedar, blue ash, 
osage orange, iron oak, chestnut oak, and black locust. In 
all, some 44 taxa of plants have been identified from 
macroscopic remains. Most of these have been recognized 
also as pollen, plus an additional 28 taxa, including pollen 
of sweet gum, that are not found in the Toronto area today 
(Terasmae, 1960). Terasmae also identified some 20 
species of diatoms, and noted the presence of freshwater 
sponge spicules from the middle part of the Don Forma
tion, which indicate lake, stream, and bog habitats. 
Animal remains recovered include the shells of some 40 

species of pelecypods and gastropods (including a few 
land snails), part of a catfish, and bones of groundhog, 
deer, bison, bear, and giant beaver. Terasmae states: "An 
ecological-climatological interpretation of all evidence 
supplied by the fossils from the Don beds suggests that 
the annual mean temperature at the time of their deposi
tion reached a maximum probably 5°F warmer than the 
present." In recent years investigations by Karrow and 
others have shown that wood is not common and leaves 
and vertebrate remains a rc very rare. 

The Don Formation occurs some 60 feet above the 
level of Lake Ontario (el. 246 feet) in the brickyard but 
its upper surface is below lake kvel at Scarborough Bluffs. 
The lower part was deposited at the mouth of a ri ver as 
it entered a lake in the Ontario basin. Lowering of the 
lake level is recorded by the character of the diatom 
assemblage in the middle part of the beds and by the 
sandy nature of the upper part of the formation. The 
upper sandy beds furthermore had been leached and 
weathered (Terasmae, 1960; Karrow, 1964) prior to th e 
deposition of the overlying cool-climate Scarborough 
Formation. In the Don Valley brickyard the Don For
mation is locally separated from the overlying Scarborough 
Formation by a layer of hard , compact, non-ca lcareous 
sand with some pebbles and cobbles. The formational 
contact was also encountered in borings at Scarborough 
Bluffs 15 feet below lake level. The Don Formation 
clearly represents part of an intergl acia l interval. Jt is 
generally ass igned to the Sangamon but exact dispositon 
must await further work. 

The Scarborough Formation (Karrow, 1964) is best 
known from the exposures on Scarborough Bluffs where 
it comprises a lower clayey-silt unit about 100 feet thick 
and an upper sandy unit about 50 feet thick, but it is also 
present in the Don Valley brickyard. There, the Scar
borough clay unit is less than 25 feet thick and seemingly 
devoid of fossils although a few plant detrital seams have 
been noted between the thin clay layers. This deposit is 
very finely bedded and is regarded as a deep water deposit. 
The clay unit at Scarborough Bluffs includes peaty layers 
in places half an inch or more thick. These have yielded 
many small fossi ls including diatoms, and the leaves, seeds 
or spores of some 15 plants and, notably, the wing covers 
and other chitinous parts of some 72 species of beetle 
(Coleman, 1933). The beetles are reported as mostly 
extinct species but a re-study of the beetle content of the 
Scarborough plant dctrital layers is needed. Terasmae has 
identified 41 plants from the clay unit, which indicates a 
boreal forest cover. The· overlying sandy unit also con
tains plant detrital layers, sparse ostracods, and molluscs. 
Terasmae reports a pollen assemblage of boreal forest 
species similar to those found in the lower c lay unit. He 
concludes that the climate during Scarborough times was 
perhaps I 0 ° F cooler than now. The sands were deposited 
by southeast-flowing waters and presumably represent a 
delta formed in a lake (Lake Scarborough) that stood 
some 200 feet higher than the present lake. A piece of 
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wood from nea r the top of the Scarborough Formation 
at Scarborough was dated at >52,000 years (Gro-2555), 
hence the precise age of the beds remains unknown. 

The writer considers the Scarborough beds to be 
older than the St. Pierre sediments . Lake Scarborough 
formed after a lengthy erosional interval during which the 
Don beds were scoured and weathered. Lake Scarborough 
may be attributed to plugging of the drainage system by 
an advancing glacier, and the biotic record seems to 
support this view. The St. Pierre sediments represent an 
old ri ver system with associated flood plain deposits, which 
required a through-flowing St. Lawrence Valley drainage 
system. Thus the Scarborough Formation has to be either 
younger or older than the St. Pierre sediments, and based 
on other evidence noted below it is considered to be older. 

Organic matter is also present in post-Scarborough 
deposits. During and following the lowering of the Scar
borough lake, deep valleys were cut into the Scarborough 
Formation, and in places into the Don Formation. Rising 
lake levels again brought about deposition of sandy sedi
ments within these valleys . Boulders and cobbles, and 
occasional balls of till occur in the bottom of a channel in 
the Don Valley brickyard, which may indicate a signifi
cant time gap. The organic materials found in these 
sediments have been in part re-deposited from the older 
beds but some are indigenous to this stage of sedimenta
tion. Of special interest is the first occurrence noted in 
Canada of the distinctive gastropod H endersonia occulta. 
Coleman ( J 933) records water-worn "vertebrae of bison, 
part of a lower jaw of a bear, and a horn of an extinct 
deer, Cervalces borealis," and bits of ivory from mammoth 
or mastodon; these are from the Christie Street sand pits 
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which P. F. Karrow correlates with the above-mentioned 
val ley-fil 1 ings. 

Subsequent to a mid-Wisconsin glacial invasion into 
the Lake Ontario basin and deposition of the Sunnybrook 
Till and varved clays, another period of non-glacial sedi
mentation occurred. The sediments formed at this time 
contain sparse plant remains and comprise the Thorncliffe 
Formation ( Karrow, 1964), which consists of stratified 
clay, silt, and sand believed to have been deposited in 
both lakes and streams. Near Lake Ontario two wedges 
of till interfinger with the Thorncliffe Formation as a 
result of short-term expansions of the westward-moving 
ice. Both the sparse plant fragments and the till lenses 
(Seminary and Meadowcliffe Tills) indicate a rather cold 
climate. Jack pine and spruce were the dominant tree 
types with minor tamarack , oak, and birch; non-arboreal 
pollen was rather abundant. A small sample of plant 
material from the Thorncliffe beds has been dated at 
38,900± 1,300 years (GSC-271). Glaciation, fore
shadowed by the interfingering tills, then engulfed the 
region during the classical Wisconsin with deposition of 
the Leaside Till. Vegctal and animal life did not return 
until late glacial and ea rly postglacial times. 

Markham and Woodbridge. A few miles north of 
Toronto old organic materials have been observed beneath 
till. At Markham, a peat ball found in a gravel pit and 
dated at >34,000 years (W-194) is thought to have been 
derived from Thorncliffe beds or the Scarborough Forma
tion. At Woodbridge, five discrete tills and a few feet 
of bedded silt, the whole comprising up to 35 feet, rest 
on some 25 feet of clayey silt with streaks and lenses of 
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compressed peat, wood (C" dated > 49.700 years) 

5 . SUNNYBROOK TILL: clayey till 

FIGURE Xll-6. Wisconsin and lllinoian drift in railway-cut, Woodbridge, Ontario (after Karrow, 1965). 
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FIGURE Xll -7 

Generalized profile through 
Pleistocene deposits near 
Port Talbot, Ontario {after 

Dreimanis, et al. , 1966). 
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peat and wood (Fig. XII-6 ). Another 14 feet of sand 
and gravel and 9 feet of till of Illinoian age are exposed 
at the base of the cut (Karrow, 1965). Some peat balls 
have been seen in the clayey till that overlies the peaty 
sediments. Palynological studies reveal that a northern 
boreal forest grew in the area at that time, with jack pine, 
black and white spruce, and birch the main tree types. 
This assemblage and a radiocarbon dating of >49,700 
yea rs (GSC-203) suggest a correlation with the Scar
borough Formation, though a post-Scarborough age is also 
possible. 

Niagara Falls. Silt in the buried St. David's channel near 
Niagara Falls has yielded a spore and pollen assemblage 
that is indicative of the northern boreal forest zone. Pollen 
studies by Terasmae substantiate the early report of frag
ments of spruce wood, from a boring over the channel, 
at a dep th of 186 feet. ~orrelation of these silt deposits 
with other non-glacial beds in Ontario is not yet conclusive, 
but they may well be mid-Wisconsin. 

Port Talbot. Buried organic deposits indicative of non
glacial conditions were reported by A. Dreimanis in 1951 
from the Lake Erie shore south of London. As investiga
tions progressed both along the shore and by drilling 
a complex sequence of deposits was indicated (Fig. XII-7). 
Radiocarbon datings on organic materials appeared to 
fall into main groupings, namely, about 48 ,000 to 44 ,000 
years B.P. and about 28,000 to 23,000 years B.P. The 
indicated non-glac ial intervals were thought to be separ
ated by a glacial period represented by a till sheet (South
wold) found overlying the 'older' sediments in several 
places. The two intervals were named Port Talbot and 
Plum Point by Dreimanis (1957, 1958). 

GSC 

The main organic-bearing deposit at Port Talbot is 
exposed at the base of a 100-foot bluff overlooking Lake 
Erie. Contorted beds of si lt, clay, calcareous gyttja, and 
scattered peat balls are overlain by glaciolacustrine clay 
and silt, organic-bearing silt and silty sand of Plum Point 
unit, and an uppermost drift complex of the main or 
Classical Wisconsin Glaciation. The gyttja contains larch, 
spruce, and water plants (Potamogeton, Menyanthes, and 
Najas) (Dreimanis, et al., 1966) . Part of a mastodon 
tusk was found in a clayey bouldery gravel some 600 feet 
east of the gyttja site at the same stratigraphic horizon. 
Some 17 species of ostracods have been recorded from the 
clayey silts both above and below the gyttja horizon. 
Mollusc shells from both the silts and the gyttja appear 
to have been crushed by the glacial action that contorted 
the beds but three genera have been recognized. The 
pollen assemblage from the gyttja horizon indicates that 
pine (mostly jack pine), spruce, larch, and birch were the 
dominant trees in the region. The base of the gyttja 
includes also large pollen grains of either white or red 
pine. The organic record indicates that the climate was 
cooler than that at present along the Lake Erie shore. 

In boreholes at Port Talbot, beneath stratified sedi
ments dating 47,700±1,200 years (GSC-217), up to 
about 30 feet of brownish buff varved silt and clay with 
a sparse pollen content overlies a few feet of greenish 
clay and silt with abundant pollen of jack pine, spruce, 
oak, and non-arboreal pollen. Mineralogical characteris
tics of the green clay and silt suggest a gap in the record 
after deposition of the basal, reddish (Bradtville) till, 
which rests on bedrock some 130 feet below surface of 
Lake Erie. Thus the Port Talbot non-glacial interval may 
extend back 50,000 years B.P. The lower Bradtville Till 
has been subdivided into three units of very similar lithol -
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ogy with the lower two separated by a glaciolacustrine 
clay. The initial advance of Wisconsin ice into Erie basin, 
from the east, appears to have removed all evidence of 
interglacial or older glacial deposits in Port Talbot area. 
The initial advance was followed by a retreat stage during 
which a glacial lake occupied the basin. Two later en
croachments of the ice formed the middle and upper 
Bradtville Till sheets. The time occupied by these early 
Wisconsin events is unknown but possibly 5,000 to 10,000 
yea rs. 

Recent radiocarbon dates of 33 ,400 ± 500 and 
38,000± 1,500 (GrN-4238, 4272) indicate that the time 
gap between the Port Talbot and Plum Point non-glacial 
interval s was short. It now appears that one long-con
tinued interval, a mid-Wisconsin interstade, may be repre
sented by the intertill stratified sediments and their con
tained organic matter. Southwold Till, formerly con
sidered to intervene, is now correlated with the younger 
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Catfish Creek Till which overlies the Plum Point sediments 
(Dreimanis, et al., 1966). Thus, non-glacial conditions 
may have prevailed in the Port Talbot area from about 
50,000 years to about 24,000 years ago. The ice front 
was, however, not too far away during th is long period 
of sedimentation; the eastern end of Erie basin was blocked 
by ice on two occas ions during which glacial lake clays 
were deposited and also ice of northern derivation was 
nearby when the Dunwich Till was deposited at some time 
during the Port Talbot interval. 

Hudson Bay Lowland 

The history of Pleistocene events in Hudson Bay 
Lowl and has been dealt with by Lee ( 1968a) . Important 
deposits bearing on the early Pleistocene record have 
recen tly been obtained by Craig and McDonald (1968). 

Belche r 
0 Islands ,D 

FIGURE XI 1·8 

location of buried organic deposits 
in Hudson Bay lowland. 

1. Harricanaw River 11. Kwataboahegan River 
2. Nettogami River 
3. Little Abitibi River 

4. 5. 6. Abitib i River 
7. Campbell Lake 

8. 9. 10. Missinaibi and Opasatika River 

12. 13. Albany River 
14. Kenogami River 
15. Attawapiskat River 
16. Gods River 
17 . Seal River 
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Buried Organic Deposits (Fig. XII-8) 

Jn the Hudson Bay Lowland there are numerous 
records of organic deposits lying below or between glacial 
tills. The published records are confusing in that the 
term lignite has been applied not only to Lower Cretaceous 
lignite deposits but also to Quaternary compressed peat 
and to sands, of both glacial and non-glacial affinities, 
containing detrital lignite. Eliminating the occurrences 
that are probably Cretaceous and the sands with detrital 
lignite grains of Quaternary age, a great many occurrences 
remain which, in the writer's opinion, record Quaternary 
non-glacial intervals in the Lowland. The occurrences 
are commonly cited as of interglacial age and indeed their 
wide distribution lends credence to this concept, but with 
present knowledge of Wisconsin interstades, a younger 
setting must be kept in mind where there is no strong 
evidence to the contrary. The more important sites 
exclusive of new ones found by Craig and McDonald are 
described below from east to west: 

Harricanaw River. Two miles below Seven Mile Island, 
rhythmically bedded silt and sand with some thin vegetal 
layers underlie a marine clay beneath river sand and 
gravel. The vegetal layers were dated at >42,000 years 
(Y-1165). 

Nettogami River. On the Nettogami River the lignite 
reported by Bell ( 1904) is most probably Pleistocene 
compressed peat. He refers (p. 161) to thick beds of 
black clay-shale with a great many very thin seams of a 
rather peaty lignite and to boulder clay containing striated 
pebbles both above and below the organic beds. 

Little Abitibi River. Sections along the lower part of 
Little Abitibi River and along the adjacent Abitibi River 
reveal dark grey, compact and jointed silty clay beneath 
till and Tyrrell Sea deposits. Thin pea ty laminae yielded 
pollen of black spruce, jack pine, and birch, together with 
va ried non-arboreal pollen and spores of ferns and mosses. 
Farther up Little Abitibi River, silty and carbonaceous 
beds in the lower part of a 70-foot section of sand yielded 
much the same pollen assemblage. Wood from the lower 
part of the sand unit gave an age of >43,600 years 
( GSC-435). These deposits probably correlate with the 
Missinaibi beds on the Missinaibi River. 

Abitibi River. The occurrence of buried Pleistocenc or
ganic deposits in the Moose River basin, including sites 
along Abitibi River (Bell, 1904; Wilson, 1906) , may 
appear doubtful because of the Lower Cretaceous lignite 
found along Abitibi, Mattagami, and Missin aibi Rivers. 
Study of borehole data and excavations at Otter Rapids, 
however, revealed plant detritus in intertill sediments and 
indicated correlation with Pleistocene beds along Mis
sinaibi River (Terasmae and Hughes, 1960). Further
more at the Onakawana lignite workings, close to the river 
sections observed by Bell and Wilson, buried organic de
posits of Pleistocene age were encountered in a shaft and in 

some 116 exploratory drillholes (Martison, 1953). Two till 
sheets separated by interglacial or interstadial sand, gravel , 
and clay are clearly present. 

On Abitibi River 8 miles below Otter Rapids the 
writer has observed contorted beds of compact, dark grey, 
stony clay, containing broken or fractured marine shells, 
benea1h younger drift. Eleven species of foraminifers, 
three of ostracods, and two of pelecypods were identified 
along with indeterminate species of forams, a pelecypod, 
and sponge spines, and spicules. Most of the species live 
in Hudson Bay at present. The stony marine clay overlies 
an oxidized quartzose sand, with a bed of differentially 
rotted igneous boulders. The marine deposits and the 
oxidized sand are considered to represent an interglacial 
interval. They are overlain by a Wisconsin clayey till 
and Tyrrell Sea deposits. Half a mile downstream the 
till rests on several feet of gravel containing limestone 
and igneous rocks; although the gravel appears to overlie 
the interglacial stony clay it is presumed to be much 
younger. Coleman ( 1941) also reported peaty clay and 
marine shells from interglacial sediments along Abitibi 
River, as well as shells from crumpled clay beds beneath 
till at Moose Factory. 

Campbell Lake. A drillholc at Campbell Lake (Wawa 
Lakes) intersected 725 feet of drift resting on Paleozoic 
rocks (Hogg, et al., 1953). J. Satterly reports that micro
fauna were recovered from samples taken at intervals 
between 262 and 645 feet-a section that includes two 
tills and two or three stratified clayey units. The fauna 
are of Pleistocene age and, as they were largely marine 
foraminifers, it is probable that the beds are intergl acial. 
The great depth of overburden, in a section that includes 
both tills and marine beds, appears to indicate the presence 
of both preglacial and interglacial valleys of the Mattagami 
River. Microfauna identified in research labo ra tories, Shell 
Oil Co., are as follows: 

Nonion grateloupi (d'Orbigny) 
Elphidium gunteri (Cole) 
Cibicides concentricus (Cushman) 
Quinqueloculina lamarckiana ( d'Orbigny) 
Quinqueloculina seminul11111 (Linnaeus) 
Discorbis sp. 
Elphidium discoidale (d'Orbigny) 
Siphonina cf. pulchra Cushman 
echinoid spines 
fragments gastropods and pelecypods 
unidentified ostracod and plant spores 
Cibicides pseudoungeriana (Cushman) 
Globigerina bulloides d'Orbigny 
Discorbis orbirnlaris (Terquem) 

Missinaibi and Opasatika Rivers. Along Missinaibi River, 
above its junction with Opasati ka River, lignite visible at 
low water was first noted by Bell (1879, p. 4C). Some 
of the lignite is undoubtedly the equivalent of the lignite 
of the Lower Cretaceous Mattagami Formation, but Bell 's 
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description suggests that at least some of the occurrences 
are Pleistocene intertill compressed peat and wood. A 
section 9 miles above the mouth of Opasatika River is as 
follows: 

Feet 
0 - 10 Hard , drab clay with striated pebbles and small 

boulders, and holding rather large valves of Saxicava 
rugosa, !11acoma ca/carea, and Mya truncata. 

10 - 15 Hard , lead-coloured clay with yellow seams and spots, 
and red , grey, drab, and buff layers. 

15 - 21 Lignite, made up of laminae of moss and sticks. 
21 - 22 Clay with spots of lignite . 
22 - 62 Unstratified drift full of small pebbles. 
62 - 65 Yellowish stratified sand and gravel. 

Three miles farther up the river Bell records: 

0 - 45 Blue cl ay with pebbles, some striated. 
45 - 47Yz Lignite, made up principally of sticks and rushes. 
47 - 127 Yellow weathering grey clay with pebbles, some 

striated. 

Important observations were made also by J. M. Bell 
(1904) and J. Keele (1921), but the occurrence of both 
Cretaceous and Pleistocene deposits remained unproven 
until the area was restudied and pollen analyses were made 
by R. Auer (McLearn, 1927). 

Terasmae and Hughes (1960) recogriize five main 
Pleistocene units: (1) a lower drift; (2) a middle drift 
consisting of till and glaciofluvial sand and gravel; (3) 
layers of peat, organic silt, and clay, termed the Missinaibi 
beds; (4) an upper drift consisting mainly of till; and (5) 
marine clay, sand, and silt. Locally this sequence is 
eroded and overlain by the fluviatile deposits of the ter
races along the rivers. Wood from Missinaibi beds gave 
a radiocarbon age of > 53,000 years (Gro-1435). Palyno
logical studies by Terasmae (1958) indicate a climate 
similar to the present or slightly cooler and possible cor
rel ation with the St. Pierre beds of St. Lawrence Lowlands. 
The inferred climate is unlike that represented by the 
Toronto Don beds, even allowing for the difference in 
latitude between the two areas, and hence the Missinaibi 
beds, if not representative of a late part of the Sangamon 
Interglaciation, must have been deposited during an early 
part of the Wisconsin glacial interval. 

Kwataboah egan River. Wilson ( 1906) found solid peaty 
material in the bed of this river some 65 miles above its 
mouth: 

The mass where examined was six feet thick and it can 
be traced along the river for 430 feet. It is a dark brown 
colour and breaks off into lumps two to three feet thick. 
It burned slowly in the camp fire but left a large quan
tity of ash. Thin layers of the same material are exposed 
in the bank intercalated with the clay for several miles 
up the river. 

A section, 60 miles above the mouth , is described by J. M. 
Bell ( 1904, p. 168) as follows: 

The seam, which has a maximum width of two feet six 
inches, outcrops almost continuously along the edge of 
the river for 450 feet in a bank 40 feet high. Though 
compact and hard it is never pure and is for the most 
part mixed with clay. Above it lies about 25 feet of 
hard, blue clay surmounted by six feet of shell-bearing 

post-glacial material. Below the seam is a hard stony 
clay containing many shells. This is of great scientific 
interest as it is the only point in the Moose Basin where 
interglacial shells are known to occur. The lignite itself 
is both arenaceous and argillaceous. It consists of thin 
i'ayers of indurated moss with partings of clay and sand. 
It burned with considerable difficulty in the camp fire 
leaving a large residuum of clay and sand. 

Though M artison (1953) did not examine the 
Kwataboahegan organic deposits , he considered them of 
Pleistocene age, and noted that high ash content is not 
characteristic of the Cretaceous lignites at Onakawana. 

Albany River. Here till overlies a few feet of blue and 
brown clay (reported as leached) with two 2-inch beds 
of 'lignite.' Williams (1921) reported one bed to be 
"composed mostly of moss" and the other as "containing 
compressed roots." Nearby in a 90-foot section on the 
north bank of the river the till cover is 50 feet thick and 
rests on similar clay though no 'lignite' was observed. 
The Pleistocene age of these materials was corroborated 
by Terasmae and Hughes (1960). They conclude that the 
spore and pollen assemblages are entirely unlike those 
of the lignite of the Cretaceous Mattagami Formation, 
known on Mattagami, Abitibi, Missinaibi, and Opasatika 
Rivers . 

Farther down Albany River 10 feet of stratified sand 
rests on 20 feet of pebble clay, presumably till, that in 
turn rests on 20 feet of thin-bedded clay, peat and moss, 
and 2 feet varved clay and pebble clay beneath which are 
8 feet of pebble clay possibly a till. The bedded clay, 
peat, and moss sequence was considered by Martison to 
be interglacial. 

Kenogami River, a tributary of Albany River, intersects 
a preglacial river channel cut into Silurian limestone. 
R. Bell (1887, p. 38) reported a basal till overlain by a 
6- to 8-foot bed of soft lignite, containing many flattened 
stems of small trees and succeeded by 30 to 40 feet of 
rudely stratified red and grey drift with rounded boulders 
and many pebbles . This is most probably interglacial. 

Attawapiskat River. Well-stratified clay with silt and sand 
laminae and sparse plant fragments occurs beneaith 6 to 
10 feet of sand and gravel and 12 to 15 feet of clayey till. 
The plant fragments are dated at >35,800 years 
( GSC-83) . It is likely that the or:ganic-bearing sediments 
are rel ated to the Missinaibi beds. 

Gods River. On Gods River, formerly called the Shamat
tawa, Tyrrell (1913) reports that intertiil sand and gravel 
and the basal part of the overlying till contain moss and 
wood, partly altered to lignite. He recognized two tills 
over a wide area, in places separated by a striated boulder 
pavement. He noted the intertill sand and gravel also 
along Hayes River but could find no organic remains. 

Seal River. A buried non-glacial deposit ca rrying organic 
materials was reported by Taylor (1961). This occurrence 
is on the Precambrian Shield, 85 miles west of the Paleo-
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PLATE Xll-3. Deep meltwater channel between unglaciated Cypress Hills and Wisconsin end moraine complex, southweste rn Saskatchewan. Vertical 
airphoto of meltwater channel, about 700 feet deep, now occupied by Adams Creek. Road leads north to Maple Creek, Saskatchewan. 
Scale l inch to 3,000 feet. 

zoic rocks, very close to the limit reached by the Tyrrell 
Sea. Beneath sandy till typical of Shield areas, is a fluvia
tile bouldery gravel with a matrix of goethite. Two 6-inch 
layers in the gravel contain casts and impressions of leaves 
and twigs partly replaced by, and set in a matrix of, 
goethite. The plant-bearing layers represent the replace
ment of a woody peat composed of moss, sedge, grass, 
and shrubs including herbaceous plants such as leather
leaf, dwarf lamel, and bear-berry. The plant assemblage 
is similar to that of the area today, and is believed to have 
been deposited during an interglacial interval. 

Interior Plains 

Early Pleistocene Events 

Pedim ent surfaces. In late Tertiary the climate of the 
Interior Plains is inferred to have been arid to semiarid , 
and a series of pediplains was developed along the 
mountain front and around smaller uplands to the east 
(Gravenor and Bayrock, 1961 ; Parizek, 1964; Barton, 
et al., 1965). With the change to a cooler and moister 
climate at the close of the Tertiary and in earliest Quater
nary extensive valley erosion, locally accompanied by 
alluviation, left the present uplands as remnants of the pedi-

plain system. Some of these uplands that escaped glacial 
modification are Cypress Hills (Pl. XII-3) and Wood 
Mountain near the Internationa l Boundary. Other uplands 
such as Missouri Coteau in southern Saskatchewan and 
Hand Hills in east-central Alberta have been extensively 
modified. There is some disagreement as to the degree 
of the effects of glaciation on the gross topography of the 
Plains. Contour maps of the bedrock surface give a 
general picture of the preglacial topography but as much 
as 1,000 feet of drift is known in some valleys in Saskat
chewan, indicating that considerable modification of the 
topography has taken place. 

Drainage systems. At the end of the Tertiary period a 
mature, dendritic drainage system existed on the Interior 
Plains (Fig. XII-9). A good account of early work on 
buried valleys dating back to that of Dawson in 1885 is 
given by Stalker (1961). H e reports also that the glaciers 
responsible for the numerous till sheets recognized on the 
southern plains had the over-all effect of forcing rivers to 
follow more southerly courses. In a general way the 
major elements of the present-day drainage reflect the 
trend of the old valleys, but there are many divergences as 
a result of disruption and modification of the preglacial 
rivers. For instance, near the town of Peace River Hen-
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FIGURE Xll -9 . Inferred preglacial drainage systems of the Interior Plains (modified from available sources). 

derson ( 1959a) records 800 feet of drift in a preglacial 
channel 3 miles southeast of the present river, and also 
shows that the preglacial Smoky River joined Peace River 
some 20 miles southwest of the present junction. In central 
Alberta the preglacial Red Deer River fullowed a 
markedly different course from that of the present, north 
of Red Deer; this preglacial channel is now occupied in 
places by Battle River. Similarly the preglacial South 
Saskatchewan River system in both Alberta and Saskat
chewan was quite different from that of the present 
(Stalker, 1961; Christiansen, 1967). The preglacial Milk 

River in southern Alberta was probably a tributary of the 
South Saskatchewan rather than Missouri River, and 
farther east this latter river may have flowed across south
eastern Saskatchewan into Manitoba and thence pre
sumably northward to Hudson Bay rather than joining 
the Mississippi as at present (Meneley, 1957). The course 
of the preglacial Qu'Appelle River in south-central Saskat
chewan is in doubt (Kupsch, 1964) . 

On the basis of shape and contained sediments Stalker 
has identified both preglacial and interglacial valleys in 
southern Alberta. He has noted a very dark grey till in 
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the lower parts of all preglacial valleys. In the bottom of 
their channels the preglacial valleys are characterized by 
the presence of the Saskatchewan gravels, free of stones 
derived from the Canadian Shield . Gravel is uncommon 
in the interglacial valleys, and where present contains some 
Canadian Shield stones, although they may be very rare. 
The preglacial valleys in southern Saskatchewan are 
generally 4 to 10 miles wide and have gently sloping sides, 
whereas interglacial valleys are a mile to 2 miles wide with 
steeply sloping walls (Christiansen, 1967). Christiansen 
records that the preglacial valleys are filled with 50 to 
1,000 feet of drift. They may be apparent at the surface 
where the drift is thin, but are completely obscured where 
it is thick. 

Saskatchewan grayels. The occurrence of preglacial Sas
katchewan gravels on the Interior Plains is of great interest 
and their age has long been controversial (Westgate, 
1965) . These buried gravels are recognized in Alberta, 
Saskatchewan, and Manitoba, occurring as alluvial terraces 
and benches below the Tertiary (Miocene-Pliocene) pedi
ment surfaces and as lower-level channels or valley fills. 
They are very extensive beneath the drift mantle whether 
this be a few feet or more than 1,000 feet thick; generally 
they are a few feet to a few tens of feet thick, varying 
laterally from sand to sand mixed with coarse gravel. 
Henderson (1959a), however, reports more than 100 feet 
of gravel in Peace River area. Westgate found that 98 
per cent of the gravel-sized material in southeastern 

Alberta is made up of quartzite, argillite, and chert, the 
remainder being arkose, limestone, a green porphyry, and 
local bedrock. Their source is the Cordilleran Region to 
the west, also earlier deposited Cordilleran gravels that 
capped the pediment surfaces of the Interior Plains. Over 
most of the Plains they rest unconformably on Cretaceous 
rocks. Frost-action structures have been observed beneath 
Saskatchewan gravels by J. A. Westgate in southern 
Alberta, and by Westgate and Bayrock (1964) in central 
Alberta. In places the gravels are undisturbed by the 
frost structures. A periglacial environment prevailed 
during deposition of at least the early part of the unit. 
Westgate notes the occurrence of bones of a woolly 
mammoth Mammuthus primigenius, and of a horse 
(Equus sp.) somewhat smaller than the present-day horse. 
He considers that the bulk of the Saskatchewan gravels 
probably range in age from early to late Pleistocene. 
Stalker, however, considers them to be early Pleistocene. 

Proglacial deposits. Fine-grained sediments including 
varved sediments have been noted resting on Saskatchewan 
gravels in major preglacial valleys and directly on bedrock 
in their tributaries . Thicknesses up to 150 feet have been 
recorded. They have formerly been included with the 
Saskatchewan gravels as there is no evidence of a prolonged 
break in sedimentation prior to their deposition. Westgate 
(1965), however, treats them as a separate stratigraphic 
unit-the Wolf Island sediments. They were deposited in 
cold, quiet, proglacial lakes rather than in swift-flowing 

PLATE Xll-4. Section of non-glacial and glacial sediments on Oldman River al Brockel, Alberta. 

L. Sandy loam; modern soil. 
K. Sand; lake and outwash. 
J. Varved clay, silt and fine sand; glacial lake. 
I. Till (Buffalo Lake); Laurentide. 
H. Sand, silt, clay; lacuslrine or alluvial; possibly mid-Wisconsin. 
G . Till (unnamed), medium light brown; Laurentide? 
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F. Till (Bracket), dark brown; Laurentide. 
E. Till (Maunsell), light bluish grey; Laurentide . 
D. Till (Labuma), dark brown to black; Laurentide. 
C. Till (Albertan), light grey; Cordilleran. 
B. Gravel (no Canadian Shield stones); mostly outwash. 
A. Bedrock (W illow Creek Formation); Paleocene. 



streams, and appear to reflect a blockage of the northeast
flowing rivers by encroachment of Laurentide ice. 

Early glaciations. Very little is known as to the course 
or extent of pre-Classical Wisconsin glaciers. The generally 
flat character of the Plains limits observations of 
Pleistocene stratigraphy to the relatively few sections along 
entrenched rivers. In Saskatchewan great use has been 
made of drilling rigs and side-hole samplers to establish 
the stratigraphy; this practice gives great promise of the 
establishment of a firm chronology in a region that might 
otherwise remain an enigma. In many places multiple till 
sheets, with and without intervening stratified sediments, 
have been recognized (Pl. XII-4). There is as yet little 
agreement as to the precise ages of the tills or sediments. 
Opinions vary from those who believe that all stages of 
the Pleistocene are represented to those believing in only 
a Wisconsin glaciation. Some writers place the limit of 
the Classical Wisconsin drift south of the 49th parallel 
while others contend that it lies well north of Cypress 
Hills. Only recently have radiocarbon datings proved 
the existence of Pleistocene age organic-bearing sediments 
that predate the Classical Wisconsin. Extensive oxidized 
zones are recognized in some thick till sections; these 
appear to represent periods of near-surface exposure during 
both interglacial and intraglacial times. 

In the vicinity of Del Bonita Hills and Cypress Hills 
an old drift topography occurs at higher altitudes than the 
surrounding more youthful hummocky terrain. Westgate 
(1965) terms the higher and older drift the Elkwater 
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I. Riding Mountain 7. Spalding 13. Medicine Hat 
2. Duck Mountain 8. Lanigan 14. Lethbridge area 
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4. Outram 10. Swift Current 16. Smoky Lake 
5. Fort Qu'Appelle 11. Prelate Ferry 17. Goose River 
6. Gregherd 12. Marsden 

FIGURE Xll-10. Location of buried organic deposits in Interior Plains. 

drift and considers it correlative with the most extensive 
and southernmost drift sheet in Montana. He recognizes 
five Laurentide drift sheets in the Foremost-Cypress Hills 
area of southeastern Alberta and att ributes end moraines 
to each. The ice sheets generally advanced southeast but 
with some variations due to lobing in the marginal zones. 
He considers the oldest drift sheet to be post-Sangamon. 
Stalker (1963), however, believes that most, if not all, the 
pre-Wisconsin glacial periods are represented by tills in 
southern Alberta. 

Buried Organic Deposits (Fig. XII-10) 

Organic materials in stratified deposits beneath one 
or more till sheets are known from many places on the 
Interior Plains. 

Riding Mountain. Buried organic materials were found 
in a highway-cut on the north side of Minnedosa River 
valley (Klassen, et al., 1967). Three till units are separated 
by silt and sand layers, the whole comprising 61 feet 
(Pl. XIl-5). This complex overlies a 5-foot silt layer that 
contains plant remains and rodent bones. The silt unit 
rests on a foot of limonite-stained gravel with small lime
stone pebbles weathered to a powder. Beneath is 16 feet 
of dark grey, shale-rich till, the surface of which also 
appears to be weathered in places. The sediments are 
almost devoid of pollen, presumably due to oxidation. 
Bone fragments are of arctic ground squirrel (Citellus 
undulatus) and a large vole (Microtus sp.). Plant frag
ments gave an age of >3 1,300 years (GSC-297). Several 
boreholes on the south side of Riding Mountain encoun
tered stratified sediments beneath two tills and overlying 
a third. Wood chips from a hole near Inglis, farther 
northwest, were encountered in clay at a depth of 196 to 
212 feet and were dated at >30,000 years (GSC-218). 
Bedded silts 75 feet thick occur beneath the clay unit and 
rest directly on shale bedrock. It may be that the Riding 
Mountain buried deposits are interglacial. 

Duck Mountain. In 1964 R. W. Klassen re-examined the 
locale of interglacial sediments reported by Tyrrell ( 1892, 
p. 116). The section on Rolling (Roaring) River was 
heavily slumped but the Heart Hill section was clear. Two 
or more tills totalling 54 feet overlie 8.5 feet of silty beds 
containing small pclecypods, gastropods, ostracods, plant 
fragments, and seeds. The silt beds overlie 10 feet sand 
and gravel, and 15 feet sand; the lower 58 feet down to 
river level was heavily slumped. The upper 1.5 feet of 
organic-bearing silt is brown rather than grey, suggestive 
of a weathered zone. The contact with the overlying till 
is gradational over some 6 inches. The basal inch or two 
of the silt unit is a clayey sand, cemented with limonite. 
It contains pelecypods and much carbonaceous material 
including plant fragments. Some of the latter gave a 
radiocarbon dating of >38,000 years (GSC-284). 

The silt unit was sampled at 21/2 -inch intervals and 
examined for both shells and pollen. Seven species of 
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PLATE Xll -5 

Section of glacial and interglacial deposits 
on Minnedosa River, north of Minnedosa, 
Manito ba. A, till; B, silt with bones (col
lection site); . C, till; D, silt, sand, s:iravel; 

E, till; F, sand and gravel; G, till . 

pelecypods, three gastropods, and ten ostracods have been 
identified. The ostracods and the pollen indicate a moist 
climate about as warm as the present, wh ich supports the 
interglacial interpretation of Tyrrell. The fossil assemblage 
also indicates a cool- warm-cool sequence; this sequence 
was terminated by glaciation and deposition of till. 

Churchbridge. Tyrrell (1892, p. 142E) recorded the log 
of a well at Churchbridge that appears to indicate some 
32 feet of drift, mainly till , overlying more than 235 feet 
of clayey and sandy sediments. A p iece of wood was 
found at a depth of 200 feet and identified as a species of 
larch, Larix churchbridgensis. Elsewhere in the area as 
much as 165 feet of till is reported overlying sand or 
gravel. 

Outram. Christiansen and Parizek (1961) report wood 
chips from probable lacustrine sediments at a depth of 
170 fee t from a test-hole in southeastern Saskatchewan. 
The section from the top down is, light, olive-brown cal
careous till, JO feet; grey, calcareo us till with two clayey 
beds, 92 feet; stratified, oxidized and leached sand rich in 
organic maHer, 8 feet; grey, calcareous till, 20 feet; grey, 
interbedded sand, silt and clay (from which wood chips 
were obtained at depth 170 feet), 71 feet; grey, calcareous 
till , 15 feet; stratified sediments, 144 feet; light brownish 
grey, calcareous till, 8 fee t; gravel, 3 feet; pale yellow, 
kaolinitic, calcareous till, 4 feet; sand, 2 feet; and light 
brownish grey, calcareous till, 1 foot +. The wood chips 

were dated at 2 7, 7 50 ± 1,200 years ( S-96), which sug
gests correlation with the Prelate Ferry interval. 

Fort Qu'Appel/e. Fossiliferous sediments beneath 200 
feet of drift were reported by Christiansen (1960). He 
reports that upstream from Fort Qu'Appelle a till overlies 
10 to 25 feet sand and 20 to 40 feet of exposed gravel; 
down the valley towards Lebret, terraced va lley-fill is at 
least 120 feet thick. Vertebrate fossils in the sediments, 
including bones and teeth of bison, mammoth, horse, 
wolf, and bear, are tentat ively assigned to the Sangamon 
by L. S. Russell. Christiansen thinks that there is an older 
drift beneath these sediments. 

Gregherd. Wood chips from sand beneath till, in a well 
at a depth of 300 feet, were dated at >30,000 years 
(S-111). The overlying till is considered late Wisconsin 
but the age of the non-glacial sediments is unknown. 

Spalding. A boring has yielded wood chips from the 
lowest of three tills at a depth of 221 feet. The wood 
was dated at >34,000 years (S-127). It probably repre
sents an interglacial deposit. 

Lanigan. Wood from a depth of 540 feet in a drift
fi ll ed valley and only 20 feet above bedrock was encoun
tered during sinking of a mine shaft. It was dated at 
> 42,000 years ( GSC-632), and is believed to be of 
Pleistocene age. 
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Spring Valley. Layers and lenses of peat associated with 
silty-clay beds occur beneath a till mantle in the hum
mocky ice-thrust moraine of the Dirt Hills. The peat was 
dated > 38,000 years (GSC-790) and pollen indicates 
Pleistocene age. 

Swift Current Creek. Wickenden (1931) reported a 
multiple till section, with intervening sediments and organic 
matter, in Swift Current Creek valley near its junction with 
South Saskatchewan River. From the surface downward 
are thin lacustrine clays; 20 to 70 feet of till; 35 feet white 
sand and gravel with some poorly preserved plant material; 
3 to 45 feet dark grey till; and up to 225 feet sand and 
gravel with some poorly preserved peat and plant detritus. 
The last sediments rest either directly on bedrock or on a 
brown to yellowish till that locally displ ays a weathered 
zone, 8 feet thick, with poorly preserved plant materials 
and rootlets . On the basis of the great thickness of the 
lower gravels, the presence of plant materials, and the 
weathered zone on the basal till, Wickenden regarded the 
lower gravels as deposited during a long, moist interglacial 
interval. Christiansen (1959) has linked the two upper 
tills to end moraines in the area and assigns the upper 
unit of sand and gravel to a proglacial, very late part of 
the Wisconsin. He regards the lower stratified sediments 
as earlier proglacial Wisconsin deposits. 

Prelate Ferry. D avid (1966) reported a buried soil 
beneath some 120 feet of drift including three tills from 
South Saskatchewan River valley north of Prelate. From 
the surface downward are lacustrine silt and clay, 16 feet; 
oxidized, calcareous till , 13 feet; stratified sand, 26 feet; 
mainly oxidized very calcareous till, 39 feet; stratified 
sand, silt, and a thin basal marl-l ike layer, 24 to 25 feet; 
paleosol, 3 to 4 feet; oxidized, very calcareous, sandy 
clay-loam till, 7 feet; stratified and crossbedded silt, sand, 
and gravel, 8 feet; and a basal, oxidized, calcareous till, 
72 feet. The marl-like layer, only 6 to 8 inches thick, 
provides a widespread and useful horizon marker for 
locating the paleosol. The buried soil has been dated at 
20,000 ± 850 years (S-176). David considers the paleosol 
to have developed during a non-glacial interval that he 
named the Prelate Ferry interval. Its beginning is unknown 
but it ended about 20,000 years ago when advancing 
Classical Wisconsin glaciers led to burial of the soil, first 
by stratified sediments and later by till. 

Marsden. Christiansen ( 1965) reports a soil, buried 
beneath a few feet of till, about 125 miles north of the 
Prelate Ferry paleosol exposures. The dating of 21,000 
± 800 years (S-228) suggests that this soil was formed 
also during the Prelate Ferry interval. 

Medicine Hat. Four miles north of Medicine Hat, in 
South Saskatchewan River valley, Stalker records about 
100 feet of intertill sed iments exposed in a small buried 
valley cut in till. Wood fragments and dark carbonaceous 

layers occur, dated at 24,490 ± 200 and 28,630 ± 800 
years (GSC-205 , 578). Two tills of differing lithologies 
overlie the stratified sediments and are considered to 
represent the Classical Wisconsin . Beneath the sediments 
in the buried valley are other tills and intervening sedi
ments with abundant wood, bones, and shells which Stalker 
considers to be Sangamon or older. Wood from near river 
level at a site 3 miles north of town and beneath 220 feet 
of drift including several tills was dated > 46,700 years 
( GSC-543). He considers the containing sediments to 
be of Yarmouth age. 

Lethbridge. Multiple till sections have been described by 
Stalker (1963) on Oldman River. At one site 10 miles 
west of Lethbridge wood and cones of black spruce were 
found in the basal part of intertill sand, silt, and gravel. 
The wood has been dated as > 54,500 years B.P. (GSC-
237). Two tills occur beneath these sediments at several 
places along the river and at one place the basal till shows 
evidence of weathering. Stalker considers these stratified 
sed iments to be present beneath an upper till as far north 
as Edmonton and to be of Sangamon age . The two lower 
tills are equally extensive. 

At the Kipp section on Oldman River about 7 miles 
west of Lethbridge, the humic part of a wood sample 
from the intertill sediments is dated at > 37,000 years 
(L-455A). Some 24 feet of intertill sediments includes a 
basal, consolidated, white sand that forms a prominent 
horizon marker in the area. The sediments arc overlain 
by 32 feet of dark, compact till of unknown age and this 
in turn by some 163 feet of alluvia l sediments within 
which wood fragments have been found. Another 45 feet 
of sediments overlying the alluvium includes varved clays 
and minor till lenses and appears to be glacial deposits. 
These sediments are overlain by 50 feet of sediments 
carrying some snail shells that may have been deposited 
relatively close to the ice front. Similar intertill sediments 
occur near Taber 30 miles east of Lethbridge where wood 
fragments have been dated at > 32,000 years (S-65). 

Smoky Lake. A log of spruce was found in till at a depth 
of 24 feet near Smoky Lake some 60 miles northeast of 
Edmonton. This wood was dated at > 31,000 years (S-92). 

Goose River. The northernmost occurrence of buried 
wood in the Interior Plains is from Goose River north
west of Edmonton. There alluvium and till overlie a 
crossbedded sand unit in which wood was found that 
dated > 42,500 years (GSC-501). 

Mainland Arctic Coastal Plain 

A 10-to-20-mile-wide belt of older glaciated terrain 
on the eastern side of the Cordillera west of Peel River 
is continuous northward onto the Yukon Coastal Plain. 
This belt extends westward from Mackenzie Delta to the 
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Alaskan boundary (Fyles, 1966) and has subdued hum
mocky topography as far west as Herschel Island, but 
beyond this area, where the zone narrows to only a few 
miles, glacial landforms are extremely rare. East from 
Kay Point, 20 miles southeast of Herschel Island, the older 
glaciated terrain is bordered on the northeast by a narrow 
zone of Wisconsin drift. Beneath these deposits inter
glacial sediments have been seen on headlands between 
Kay Point and Mackenzie Delta. The sediments grade, 
in general, from silt in the west to gravel in the east; 
Fyles considers them to represent a single stratigraphic 
unit. 

In the Mackenzie Delta region, Mackay ( 1963) 
found evidence for glaciation of the main and near-shore 
islands, and possibly also the off-shore islands. Tuktoyak
tuk Peninsula was partly glaciated; evidence of glacial 
action is lacking for the northeastern part. Farther east 
on Cape Bathurst and Baillie Island, an extensive low
lying plain is underlain by silt and sand beneath which 
is a marine clay with rare wood (Fyles, 1966). No clear 
distinction between postglacial and interglacial sediments 
could be made. This area and part of Tuktoyaktuk Penin
sula are shown as outwash (including alluvium) on the 
Glacial Map of Canada (1253A, in folio) pending clarifi
cation of the age of the deposits. Possibly older glacial 
as well as interglacial deposits are present along the north
ern edge of the Mackenzie Delta complex. 

Buried Organic Deposits (Fig. XII-11) 
Near Reindeer Depot on Mackenzie River JO feet of 

peat and silt underlies some 200 feet of drift (Porsild, 
1938 ) . Cones of larch were found although the site is 
50 miles beyond its present northern limit. Pollen includes 
abundant birch and alder, much white and black spruce, 
jack pine, tamarack, and willow, and some ericaceous 
shrubs, small herbaceous plants, grasses, sedges, and ferns. 
J. Terasmae considers the pollen assemblage to represent 
an interglacial deposit, probably the Sangamon. The peat 
gave an age of >42,000 years (L-522A). 

Wood from a delta-kame complex at Inuvik gave an 
age of >39,000 (GSC-29) and was evidently derived 
from older non-glacial deposits . Some 60 miles southwest 
of Inuvik on Rat River, a beaver-chewed stick near the 
base of a 40-foot section of silt with organic layers and 
overlying an older till was dated >38,600 years (GSC-
120). Evidence elsewhere along the river suggests that 
Laurentide ice, possibly in Classical Wisconsin time, over
rode the site and extended several miles to the west. 

Buried organic materials, dated at > 50,900 years (GSC-
329), occur southwest of Eskimo Lakes where 7 feet of 
modern peat overlies 76 feet of gravel that rests on at 
least 46 feet of organic silt with two thin peaty layers in 
its upper part. 0. L. Hughes regards the gravel as out
wash in front of a moraine left by the last major ice sheet . 
According to Terasmae, the pollen content of the peat is 
unlike that of the present and probably represents an 
interglacial interval. Fyles (1966) reports a great variety 
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of materials in the southwest part of Eskimo Lakes area 
where organic matter was noted in three different 
lithologies. 

A non-glacial interval is indicated by the occurrence 
of abraded wood from a pingo at Tuktoyaktuk dated at 
>33,000 years (L-300A). Also flattened wood from 20-
foot depth in contorted sands, believed to be ice shoved, 
at the north end of Nicholson Peninsula gave a date of 
>35,200 years (GSC-34). O'Neill (1924) observed thin 
peat beds in silty sediments along the arctic coast east of 
the mouth of Mackenzie River, and he mentions an earlier 
report by Sir John Franklin of "poor lignite" in similar 
sediments on nearby Pullen Island. 

The interglacial deposits along the arctic coast west 
of Mackenzie Delta contain a great variety of organic 
materials. Fyles ( 1966) reports wood up to a foot in 
diameter from gravels near the delta, and smaller pieces 
of wood, peat, freshwater shells, rare bones, and tusks 
from the silts farther west. Thin beds of marine clay and 
a few ice-wedge casts complicate the succession . An 
important site along this coast is at King Point 4 miles 
east of a moraine believed by 0. L. Hughes to mark the 
western limit of the Classical Wisconsin ice sheet. There 
up to 3 feet of peat overlies 8 to 15 feet of silt and sand 
that rests on 20 to 30 feet of Wisconsin till. Beneath this 
till a stony clay, containing marine shells, grades down
ward into organic-bearing silts. Plant materials collected 
from these silts, 2 feet above the base of the seacliff, gave 
a radiocarbon dating of >51,100 years (GSC-151-2). 
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The change from plant-bearing silt to shell-bearing stony 
clay probably reflects a period of marine inundation as a 
result of the encroaching Wisconsin ice sheet. 

Canadian Shield 

Mainland 

The mainland Shield region has been subjected to 
intense scouring action by a number of glaciations, but 
the gross physiography has probably changed littl e since 
the end of the Tertiary period. Stream va ll eys along 
rugged parts of the Quebec and Labrador coasts, how
ever, have been markedly modified by valley glaciers 
stemming, in the main, from the interior ice sheet. During 
interglacial intervals stream erosion probably contributed 
to valley deepening along these same coasts but elsewhere 
was relatively ineffective. 

In the Torngat and Kaumajet-Kiglapait Mountains of 
northern Labrador, an early Torngat Glaciation is believed 
responsible for widely scattered erratics on the highest 
peaks, and the later Koroksoak Glaciation for high-level 
lateral moraines, kame terraces, and a felsenmere trimline 
well below the mountain tops (Wheeler, 1958; Ives, l 958a, 
b, 1960a; Tomlinson, 1959; Lj1Jken, 1962). A still lower 
trimline, referred to the Saglek Glaciation is regarded by 
Andrews (1963) as the probable upper limit of the 
Classical Wisconsin ice sheet. At that time large parts of 
the mountains projected above the ice. 

The last major glaciation was generally effective in 
removing the deposits of older glacial and interglacial 
intervals ; buried organic deposits are rare in the Canadian 
Shield. They are, however, more likely to be found in 
peripheral areas than in the interior, as for example the 
Seal River occurrence described under Hudson Bay Low
land. Old deposits may occur along some Labrador coastal 
lowlands where the adjacent rugged terrain shielded them 
from the glaciers issuing along the fiords, as on Baffin 
Isl and. 

Baffin Island 

The gross physiography of Baffin Isl and throughout 
the Pleistocene was probably much the same as now. In 
Tertiary time an old erosion surface in central and 
southern Baff in Island, preserved as concordant hill-tops, 
was tilted, northeast side up (Goldthwait, 1950). A 
system of dendritic and parallel valleys resulted, and the 
drainage divide gradually migrated westward. Glaciers 
stemming from the interior developed deep outlet valleys 
and speeded the westward migration of the drainage-divide . 
The resulting broad strip of mountains along the north
east coast rise to elevations of about 6,000 feet in the 
Penny Highlands. Bird ( 1954) reports that lower erosional 
platforms can be recognized in western Baffin Island down 
to a 600-foot surface cut in relatively weak rocks. He 
regards the widespread horizontal surface developed on 
rolling Precambrian rocks as probably exhumed from 

beneath a cover of Paleozo ic rocks of which remnants 
survive around Foxe Basin; stripping of this mantle may 
have been accomplished mainly by glaciers. He states 
that on Brodeur Peninsul a, in northwestern Baffin Island, 
a well-preserved surface at 1,000 to 1,200 feet surrounds 
a central upland at about 2,000 feet. These surfaces had 
reached a late-mature to old-age stage before being 
elevated. These high erosional surfaces and the mai n 
tilted plateau of Baffin Island have persisted throughout 
the Pleistocene with but little modification by successive 
glaciations. 

Old organic deposits (Fig. XII-12) . Information on the 
pre-Classical Wisconsin history is limited though the 
occurrences of old organic materials are widespread. 
Information on earlier Pleistocene events has been ob
tained from terrain along the coast that was not recently 
glaciated and from organic deposits beneath drift in the 
interior. Baffin Coastal Lowland is several miles wide east 
of Barnes Ice Cap and does not appear to have been 
covered by ice in the last 50,000 years, though there is 
some evidence of an older glaciation ( Ljllken, 1966). The 
last ice sheet supported active glaciers in the main fiords 
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of the northeast coast and in a few places formed pied
mont glaciers on the coastal lowland. Near Cape Aston, 
south of Clyde, a delta was built at an altitude of 262 
feet, while outlet glacie rs filled a nearby fiord and melt
water channels spilled over towa rds Cape Aston. Marine 
shells in the deltaic sediments, at elevation 200 feet, are 
indicative of a cold water environment. They were dated 
at >54,000 years (Y-1 703). Beneath the delta, 25 feet 
of gravel overlies stony, shell-bearing materials that 
represent marine deposits ploughed-up by a glacier. Old 
non -gl acial deposits also occur interbedded with glacial 
deposits in the coastal cliffs near Cape Christian , aga in 
in a protected position. Marine shells from a near-shore 
deposit lying between the two uppermost glacial deposits 
have a radiocarbon age of > 50,000 years (Y-1702). In 
Bruce Mountains northeas t of Barnes Ice Cap flattened 
pieces of willow and associated moss were found on a 
low morai ne rid ge; these appeared to have been winnowed 
from the till. They are elated at > 39,600 years (GSC-
209) and may be interglacial. 

In the interior of Baffin Island, pre-Class ical Wis
consin organic deposits have been found in several places. 
Fine plant detritus > 40,700 years old (GSC-427) occurs 
in several layers of contorted fluvial sands along Isortoq 
River only l 0 miles west of northern Barnes Ice Cap 
(Terasmae, et al., 1966). Leaves of Dryas, Vaccinum, 
and Ledum suggest a climate at least as warm as the 
present and thus presumably interglacial. Andrews reports 
that the beds were contorted by ice flowing westward 
towards Foxe Basin. Marine shells from western Baff in 
Isl and, I 00 feet above the postglacial marine limit, were 
dated at 30,320 ± 820 years (GSC-528); this date may 
prove to be minimal. 

In northern Baff in Island shell s ind icative of pre
Classical Wisconsin marine events were obtained fro m 
varied materi als both above and below the postglacial 
marine limit: finite dates of abo ut 34,200 and 35,400 years 
( GSC-184, 188) were obtained from Borden Peninsula 
and a dating of > 30,580 years on shells (GSC-1 89) fron~ 
southern Brodeur Peninsula. 

Jn southern Baffin Island shells found in till have 
given finite elates of about 30,200 and 34,800 yea rs 
(GSC-414, 426). Blake (1966) regards these as mini
mum dates and concludes that Hudson Strait was open 
durin g the last interglacial or some early Wisconsin 
interstad ial, and that subsequentl y, during an ice ad
vance, material was scraped from the sea bottom and 
deposited along the south coast of Baffin Isl and. Old 
shell s, washed from till , have been found also in post
glacial beach deposits ( GSC-468). 

Some finite rad ioca rbon age-datings from Baffin 
Island may indicate an interstaclial interval the lower limit 
of which is unknown. This is not yet proven, but neither 
do the numerous infinite age-datings prove that the 
relevant deposits are interglacial. It appears that both 
types of interval may be represented by the organic
bearing deposits of Baffin Island. However, undoubted 

glacial till overlying a fossi liferous deposit has yet to be 
found. 

Arctic Islands 

The nature of glaciation and the physiography of the 
arct ic islands differ greatly from one region to another. 
Except for part of Banks Island, the southern islands were 
overridden by the Laurentide Ice Sheet so that the early 
Pleistocene record was removed or lies buried by the 
younger dr ift and fresh glacial features characterize the 
landscape. Some of the western islands beyond the 
northwestern limit of the Wisconsin Lau renticle Ice Sheet 
were covered by an older Laurentide ice sheet. The 
western part of the Queen E lizabet h Islands is a lowland 
and includes areas of old and young glacial deposits, 
which may be related to both regional and local glaciers, 
and also some areas lacking obvious ev idence of former 
glacial activity (Fy les and Craig, J 965). The main, 
eastern part is a region of mountains and plateaux tha1 
developed their own ice cover and have been extensively 
scoured. There is, nevertheless, some evidence of the 
older Pleistocene record. 

Jn the eastern Queen E lizabeth Islands the mountain 
ranges , plateaux, and lowlands had assumed their present 
form by the beginning of the Quaternary. High-level 
terraces and pediment-like surfaces, with associated wood
bearing alluvium on Ellesmere and Axel Heiberg Islands 
are regarded as remnants of a system of mature preglacial 
va ll eys that may perhaps be early Pleistocene. Sub
sequent fluvial and glacial erosion have carved fiords 
and inner val leys as much as 1 ,800 feet below the old 
val ley levels and in some lowland areas underlain by soft 
rocks have locally reduced the preglacial deposits to hill
top remn ants. Jn the western islands, however, the land
scape was reduced to a northwest-sloping surface of low 
relief when the latest Tertiary and early Quaternary 
sediments of the Beaufort Formation accumulated on 
Arctic Coastal Plain . Islands and straits (formerly valleys) 
comprising the western part of the archipelago are believed 
to be younger than the Beaufort Formation (Craig and 
Fyles, 1960) and to be the result of faulting and repeated 
cycles of fluvial and glacial erosion (Morley and Fortier, 
1956; Thorsteinsson and Tozer, 1961). 

Preglacial Deposits 

Unconsolidated, wood-bearing al lu vial sediments of 
the Beaufort Formation occupy most of the Arct ic Coastal 
Plain from Banks Island to Meighen Island and are be
lieved to extend seaward beyond the present coast; they 
occur also as isolated patches on hilltops to the east. 
These beds are tentatively regarded as late Tertiary to 
early Quaternary. Fyles (1965) has .suggested that 
certain high-level terrace deposits on Axel Heiberg and 
E ll esmere Islands are also Beaufort equ ivalents (Pl. XII-6). 
T he Beaufort Formation on E ll ef Ringnes and Borden 
Islands consists of a lower unit, mainly brown silt with 
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peaty layers, and an upper unit of sand or fine gravel 
with driftwood. Only the upper unit has been observed 
on Prince Patrick and Banks Islands where logs of wood 
up to 2 feet in diameter have been observed. 

The Beaufort Formation characteristically contains 
pollen of spruce, pine, birch, alder, various herbaceous 
plants such as the cricaceae, and spores of ferns and moss 
(Fyles and Craig, 1965). Many samples also contain 
small amounts of pollen of hemlock and of the temperate 
climate hardwoods such as hazel , beech, elm, hornbeam, 
and oak. It is thought that much of the hardwood pollen 
may be secondary, derived from nearby Tertiary strata, 
but some is definitely not. The pollen from many species 
other than the hardwoods comprise an imposing array of 
plants that grew in what is now a treeless, barren country. 
The assemblage indicates a climate not only much warmer 
than the present but also warmer than might be expected 
in any of the interglacial intervals and may be repre
sentative, at least in part, of preglacial earliest Quater
nary. 

On Meighen Island, which has an ice cap at present, 
the wood-bearing sands of the Beaufort Formation overlie 
unconsolidated, marine clay and silt (Thorsteinsson, 
1961). On the basis of pollen content, which indicates a 
warm climate, the marine unit is Tertiary, but the sand 
unit may be early Quaternary. The sand underlies a 
boulder veneer presumed to be of glacial origin (Fyles 
and Craig, 1965). The Beaufort Formation on Arctic 
Coastal Plain of Borden Island is particularly interesting 
in that hardwood pollen is abu ndant and the remoteness 
of known Tertiary rocks suggests a primary rather than a 
secondary plant assemb lage. The wood-bearing sands 
on Ellef Ringnes Island are believed to be inland, high-

PLATE Xll-6 

High-level terraces with Beau
fort-type sediments overlying 
Cretaceous bedrock, eastern 
Axel Heiberg Island , North
west Territories. View south
ward from Buchanan Lake . 
Only the uppermost light 
coloured material, up to 40 
feet thick, is considered 
Beaufort type. Surface is 
strewn with a few glacial 
erratics. 

level parts of the Beaufort Formation (St. Onge, 1965). 
The organic-bearing sediments which occur as high-level 
terrace deposits over large parts of El lesmere and Axel 
Heiberg Islands are probably the temporal equivalents of 
the Beaufort Formation of the coastal plain as they have 
a similar pollen assemblage. These deposits, charac
teristically gravel, sand, and silt, have thicknesses up to 
200 feet and commonly lie 300 to 2,000 feet above the 
valleys. They appear to be remnants of broad mature 
valleys. They commonly contain wood and locally ex
hibit buried soil profiles, and enclose layers of moss or 
peat, and peaty beaver-pond deposits with gnawed wood 
(Fyles and Craig, 1965). 

On northwestern Banks Island the Beaufort Forma
tion lies at the surface (Fyles and Craig, 1965). In the 
higher, eastern part of the isl and it is only a few feet 
thick and rests on what appea rs to be an eroded Tertiary 
sand. In the lower central part the deposits are thicker 
and their base is not exposed, as on Ballas t Brook where 
300 feet of sand and gravel with much wood is underl ain 
by I 0 feet of peat which in turn rests on sand and silt 
containing plant detritus. 

Early Glacial and Non-glacial Events 

Terraces and plains within the areas underlain by 
Beaufo rt Formation consist of reworked sand and gravel. 
On Prince Patrick Island, most if not all of these terraces 
are younger than the northward-trending faults cutting 
the Beaufort Formation (Fyles, 1965). They indicate_ 
al!uviation during some pre-Classical Wisconsin non-gl acial 
period. 

Parts of Prince Patrick, Eglinton, and Melville Isl ands, 
and most of northern and western Banks Island, bear 
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deposits of an older glaciation, and particularly of far
travelled erratics from the Canadian Shield. Study of 
buried organic deposits has shown that both interglacial 
and interstadial intervals are probably represented. 

Buried Organic Deposits and 'Old' Shell Occurrences 
(Fig. XII-13) 

Victoria and Banks Islands. Fyles ( 1963a) reports sub
till organic-bearing sediments from the north side of Prince 
Albert Sound in western Victoria Island. Locally gravels 
with knob-and-kettle topography rest on 30 feet of till 
overlying 150 feet of stratified sediments that in turn rest 
on some 50 feet of dense till. In the lower part of the 
intertill sediments, 20 feet of thin-bedded silt contains 
closely packed mats of leaves and other remains of small 
plants which were radiocarbon dated at about 28,000 
years (l-GSC-30). One of the plant layers contains 
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FIGURE Xll-13. Location of buried organic sites and 'old' shell occur
rences on the arctic islands. 

spa rse pollen of grasses, sedges, and other herbaceous 
plants. Fyles considers these intertill deposits to have been 
deposited by rivers and in lakes prior to the last glacial 
invasion under climatic conditions not greatly different 
from the present. Similar sediments, lacking organic 
remains, lie beneath till throughout large parts of north
west Victoria Island and the adjoining coastal region of 
Banks Island and may be correlative. 

At Worth Point, on western Banks Island, beyond 
the inferred limit of the Classical Wisconsin Laurentide 
Ice Sheet, an uncompressed peat at the top of a 100-
foot exposure of till and stratified sediments has yielded 
a date of > 49,000 years (GSC-367). The peat contains 
pollen of birch as well as of plants now growing in the 
area. A stony layer beneath the peat is considered to be 
colluvium, for beneath this layer are pond silts with 
layers of only slightly compressed peat and moss. The 
peat contains wood of small trees, and some beaver
gnawed sticks. The wood gave an infinite radiocarbon 
age (I-GSC-19). These deposits are believed to be inter
glacial. At Duck Hawk Bluff, near the top of a 125-
foot shore cliff, peat and willow stems occur in silts 
beneath colluvium or possibly till; the organics also gave 
an infinite age (GSC-238). The peat contains pollen 
of alder, willow, spruce, and herbaceous plants and is 

considered to be an interglacial deposit. The silts rest on 
an older till that overlies the Beaufort Formation. 
Another very similar section occurs on Bernard Island , 
farther north off the west coast of Banks Island. There 
moss peat from lacustrine deposits contained pollen of 
conifers as well as of tundra vegetation like that now 
found in the area. The peat gave an infinite radiocarbon 
age (l-GSC-28) and the deposit is believed to be inter
glacial interval. 

On southern Banks Island, near Nelson Head, willow 
wood was found in a sand, gravel, and silt unit beneath 
150 feet of till and glaciofluvial gravel and sand. This 
was dated > 41,600 years (GSC-222) . The overlying 
drift dates from the last major glaciation but the organic 
deposits may be either interstadial or interglacial. In 
Masik River valley, beneath till , Fyles also has observed 
spruce wood and layers of moss and peat associated with 
silt, sand, and gravel. He tentatively considers these 
organic deposits to date from an interglacial interval. 

Melville Island. On northern Melville Island, where little 
vegetation grows, 2.5 feet of moss and sand was found 
6 feet below the surface of a flat-topped hill , at about 
elevation 300 feet. The deposit appears to predate 
both glaciation and dissection of the lowland but to post
date the formation of the higher level terraces tentatively 
considered to be of Beaufort age. The moss, dated at 
> 38,600 years ( GSC-422), is probably intergl acial. 

Shell fragments from raised beach deposits in south
eastern Melville Island that were expected to be post
glacial yielded a radiocarbon date of about 34,050 
years (GSC-154). The date is probably minimal and 
relates to a pre-Classical Wisconsin non-glacial interval. 
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Also on adjacent Byam Martin Island a shell sample from 
an outwash deposit was presumably derived from older 
materials as it yielded an infinite age-d ati ng ( GSC-357). 

Bathurst Island. On Stuart Rive r, in northern Bathurst 
Island, postgl ac ial marine silty-clay overlies a terrace 
within which 4 feet of peat overlies 20 feet of gravel of 
local derivation. This rests on the eroded surface of a 
remotel y derived white sand possibly of Tertiary age. 
The g ravels a re presum ed to represent a period of aggracla
tion during some pre-Wisconsin interval during which the 
sea level was higher than at present. This was followed 
by a rel at ively long period of stable conditions during 
whi ch 4 feet of peat formed in the valley. The peat has 
been elated a t > 36,000 years (GSC-165). 

Near Goodsir Inlet in cast-central Bathurst Island, 
peat elated at > 35,000 years (GSC-178) was found 
beneath till and as pods within it. Bl ake ( 1964) regards 
th e peat to be intergl ac ial a lth ough a Wisconsin inter
staclial is possible. He reports that the till is similar to 
that from which m arine shel ls have been collected at 
sites above th e postg lac ial marine limit. Finite datings 
of about 35,900 and 33,940 years (GSC-212, 378) on 
shells from sites in cent ra l part of island are th ought 
to be minimal. 

Ellesmere and Axel H eiberg Islands. J. G. Fyles has 
observed terrace deposits that arc at lower level s than 
the Beaufort terraces, and he tentati vely considers these 
to be interglacial. ln the vicinity of Slidre Fiord on 
west-central Ellesmere I sland he found , associated with 
a gravel ter race, sedge and moss peat that have been 
dated at > 41,200 years (GSC-268). Boulders on the 
gravel terrace are probably an indication that it has been 
glaciated. Glaciation is believed respon sible also for 
the dissemination of old marine shell s on similar upland 
surfaces south of Slidre Fiord and elsewhere on E lles
mere and Axel Heiberg Islands both above and below 
the postglacial marine limit; these have yielded radio
carbon dates in the 20,000 to 40,000 year range, which, 
due to poss ible contamination by old shells, are con
sidered minimal. They provide evidence, however, of 
marine events prior to the last major gl aciation . 

Along Nansen Sound , on both Ellesmere and Axel 
Heiberg Islands, fossiliferous marine sediments, con
sidered to be interglacia l, occur wel l above the highest 
postglacial marine features and locally they appear to be 
overlain by glacial drift (Fyles and Craig, J 965). The 
shells have yielded radiocarbon datings ranging between 
35,000 and 40,000 years (GSC-65, l 13, 149), which are 
considered minimal. 

Sandy moss peat exposed in the base of a meltwater 
channe l near the head of Makinson Inlet in southern 
Ellesmere Island overlies bouldery gravel and is overlain 
by boulders. The peat was dated at > 36,400 years 
(GSC-140), and along with the gravel and boulders is 
believed to be a remnant of a high-level terrace that may 
be of early glacial or interglacial age. 

Shells from the sandy ground surface at the marine 
limit on Swinnerton Peninsula, on the southwest side of 
th e inlet, were radiocarbon dated at 29,800 ± 200 years 
( GSC-134). These shells are believed to reco rd a marine 
episode prior to the last glaciation. 

Cordillcran Region 

The Plerstoccne histo ry of the Cordillera is some
what more varied th an th at of the continental interior in 
that pa rts rem ai ned ungl ac iatcd and other parts were 
glaciated during only one or more periods prior to the 
last major glaciation, presu med to be the Classical Wis
cons in. The latte r, though not eve rywhere as extensive 
as older glaciations, did cover 1hc greater pa rt of the 
Cordillera. Geomorphologica l studies arc limited but 
the presence of buried valleys and thick seq uences of 
buried glacial and non-glacial sediments do bear testimony 
to major drainage changes resulting from successive 
glacial and non-gl ac ial intervals. The reco rd of older 
Plei stocene events may be preserved in its entirety in the 
unglaciated parts of the Yukon or in adjoining areas 
that were covered only by the older glaciers. At present 
data arc sparse. The older Plcistoccnc reco rd is also 
fragmentary in the region covered by the las t major 
glacier complex, but locall y there is much data bearing 
on the older events. 

Unglaciated Areas 
Unglaciatcd a reas in the Cordilleran Reg ion a rc 

shown on the Glacial Map of Canada (Map 125 3A). A 
small area in southwcstern Alberta lies above and beyond 
the limit of Cordilleran valley glaciers from the west a nd 
Lau rcnticlc Jee Sheet from the cast. Corclillcran glaciers 
were restricted in their development on the dry, eastern 
fl ank of the Rocky Mountai ns. The rugged terrain of 
this unglaciatcd a rea is un suited to the preserva tion of 
non-glac ia l sediments that record early Plci stoccnc history 
and climate . Un glaciatcd areas of very irregul ar outline 
also occur in parts of M acke nzie Mountains and Liard 
Plateau. These existed between the Cordillcran and 
Laurcntidc glaciers because of a combination of clim atic 
and topogra phic factors. There is no inform at ion on the 
Pleistocenc stratigraphy of these region s. 

By far the la rgest ungl aciatcd area in C anada is in 
western Yukon. This area rem a ined un glaciatcd through
out Pleistocene time as it lies in a dry belt east of the 
high St. Elias Mounta ins where most of the moi sture in 
Pacific a ir masses is precipitated . During glac ial intervals 
western Yukon was both dry and cold and sustained flora 
and fa una less varied than that of the dry and warm inter
glacial intervals or that of the prese nt. The record of 
glacial, interglacial, and interstadial intervals must .Pe 
so ught therefore in the non-gl acia l sedimentary sequence. 
To date there is little specific information. 

0. L. Hughes states th at on Porcupine River, in Old 
Crow Basin, modern peat m antles 29 feet of s ilt and clay 
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which he refers to a period of meltwa ter discharge across 
Rich ardson Mountains from a Laurentid e ice sheet. 
Benea th thi s unit is some 144 feet of brown sand and 
gravel from which wood was rad iocarbon dated at 
> 41,300 yea rs (GSC-199). The o ld e r unit also contai ns 
pollen indicat ive of an interglaci a l interva l. This sedi
mentary sequence records the present non-gl acial interval, 
an older g lacia l inte rva l, and a stil l olde r interglacia l 
interval, but the precise chronology rem a ins unknown. 

Throughout most of th e ungl ac ia ted Kl ondike area 
0 . L. Hughes has found th a t the base of th e mod ern p eat 
ranges in age from abo ut 9,000 to I I ,OOO yea rs B .P., 
wh ereas the subs ur face orga ni c material s assoc iated with 
silt and grave l, encountered in placer operations a rc ge ner
a lly too o ld to da te by rad io ca rbon method s. At one site 
on H unke r Creek, however, wood from the base of 20 
feet of s ilty pea t was dated 9,520 ± 130 years (GSC-73), 
whe reas wood from 4 feet below this in frozen silt gave 
a finite date of ea. 30,800 years (GSC-88 ). Sedim ent s 
of this mid-Wisco nsin in lcrstadial interva l we re no doubt 
deposited in many parts of the ungl aci a ted Yukon. 

Older Glaciated Areas 

In m any part s of the Cordil le ra there is ev idence 
th at one o r more early glacia ti ons reached hi gher alti tudes 
than the las t m ajo r glac ia tio n or extend ed beyond its 
o uter limit s ( M ap 1253 A ). F yles (1 963 b) report s th a t 
e levation of th e uplands of so uth e rn V ancouve r Island 
and consequ ent developme nt of na rrow strea m channels 
too k pl ace prior lo d epositi on of any of th e surfi c ia l 
deposi ts found the re a t present. These m ateri als and 
the glacia l features a rc b21ieved to d ate from mid-Plcisto
cenc time. Pl e istocc nc glacie rs ove rrod e th e reg ion and 
exten s ive ly mod ified th e existi ng val leys and e lsew here 
smoot hed and rou nded the m ajo r to pogra phic featu res . 
The a rea bea rs evidence of a t le as t two separa te glaci a

tion s. In th e Okanagan Range of Cascade M o unta ins in 
south-ce nt ra l British Columbia, ice a t one ti me overrode 
m oun ta in s up to 8,500 fee t wh e reas the last ice sheet did 
not reach over 7,500 fee t. Jn th e Foo thill s of so uth
wcste rn Alb e rta an area o f olde r glac iated terrain sur
rounding th e un glacia tcd area lies about 500 to 1,000 feet 
above th e Wi sco nsin limit o( both Cordill cra n and Lauren
tide ice. 

In M acken zie and Selwyn Mounta ins most of an 
elongate, pa!tly un glaci a tcd reg ion bea rs ev idence of one 
or more early Plci stocene Cordilleran as well as Wisconsin 
Cordillcran glaciat ions . The early glac ie rs o ri g in ating in 
western Mackenzie Mounta in s and eastern Selwyn Moun
ta in s appa rently filled the in tcrmontanc va lleys to hi gher 
levels th an did the Wisconsin glac ie rs. The frin ge zo ne 
of olde r glac iations is thu s very complex and a t present 
rem a ins undifferentiated (Map 1253A). The reg ion lies 
above and beyond the wes tern limits reac hed by Lauren
tide Ice Sheet. The Cordi ll cran glac ie rs, howe ve r, on 
flowin g northwa rd towa rds the Arctic Red and P ee l Ri vers 
encou nt ered th e olde r, so uthward-moving, Laurcntide Ice 

Sheet. In this area a zone of older glaciated te rrain is 
bo th extens ive and di stin ct, but th e interrel a tion s of the 
Cordilleran and Laurentide ice masses a re uncertai n. 

A zo ne of older g lac ia ted te rrai n, so me I 0 to 20 
miles wide, li es west of Peel River between the unglaciatcd 
pa rt of the Yukon a nd the western limit of Wisconsin 
Laurcntid c Glac ia tion. Glacia l landfo rm s a rc rel at ively 

uncommo n in thi s area, but areas of subclu ccl hummocky 
te rrai n occur. 

In south wcs tcrn Yukon, north of St. E li as Mountains, 
an a rea of great ly variable width separates unglaciatccl 
terra in from a reas to th e cast and sou th that were glac iated 
durin g th e Class ical Wi sco ns in. Severa l glaci a tion s have 
been recogni zed in this fringe zone (Denton and Stuive r, 
1967; Bostock, 1966). It appears a lso that older glacier 
complexes in the inte rio r mountainous parts of th e Yukon 
a ttai ned grea ter thickn ess th a n the Wisconsin ice. Some 
peaks in the dry centra l part of the Yuk on that protruded 
above th e Wisco nsi n gl:-ic icr surfa ce were covered by one 
or more o lder glac ie rs and bear a fringe of older glaciated 
te rra in . ea r Kl uanc Lake on the northcast side of St. 
Elias M o unt ai ns. on the othe r hand, two olde r glac iation s, 
th e Sha kwak and Iccfic ld , were not so extensive as th e 
Klu anc o r Classical Wisconsin G lac ia tion. The o ld e r 
glac iers extended 70 lo 75 mil es northc ast of th e present 
P aci fi c- Int erior ice divide, a nd reached th e easte rn part 
o f Kimm e L ake basin . The last m ajo r ice sheet filled 
Klu anc basin and cx lcnd ccl 90 to I 00 mil es northwcst 
a long the va lley to the vicinity of Sn ag, Yukon, with an 
ice tongue ex tendin g 20 miles no rthwards cl own White 
R ivc r ( Bostock, 1952). There, an o lder g lacie r was re
spons ible fo r drift exte ndin g ano th e r 20 mil es clown the 
ri ve r. Correlat ion betwee n the o lder drifts of Klu anc 
a rea and th a t of White Ri ve r va ll ey has not bee n m ade, 
but ap pa rentl y th e la tte r is older th an e ithe r of th e fo rm e r 
and probably is prc-lll inoian. 

In centra l Yukon two c lea rly defined glaci al limits a re 
evident and m ay be readily correlated and t raced 
( Bostoc k, 1966) . They a rc consiclcrccl to m a rk the limits 
of the las t and an ea rlier glaci e r adva nce . Jn addition, 
o lder g laci a l drift. including till and erratics, and modifi ed 
glacia l landform s have been found beyond the limit of 
th e ea rlie r ad va nce and m ay record two st ill earlier 
glaciatio ns. In Stewa rt V a ll ey th e McConn e ll was the last 
major g laciat ion. The youngest of the o lder drift units, 
th e Reid exte nds westwa rd down the va ll ey at least 40 
mi les beyo nd th e M cCo nn e ll limit : it di spl ays dist in ct 
glacial feat ures, includin g an encl mora ine. W est of the 
Reid E ncl M orai ne, in lower Stewa rt V a ll ey, glac ia l land
forms are genera ll y lacking but grey, silty to clayey till 
with mostl y fresh stones and scattered erratics represents 
th e o lder Kl aza Glaciation . 

The Kl aza glac ie rs extended at least 25 miles beyond 
the Reid limit . In some ot he r va lleys a lso, subdued glacial 
land fo rm s related to the Kl aza glac iers h ave been o bserved. 
In lower Stewa rt V a ll ey the oldest glacie r extended abou t 
25 miles beyond Kl aza g lac ial limi t and reached to within 
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20 miles of Yukon R iver; it is refe rred to as the Na nscn 
Glacia tion. It is expressed by a gre a t thickn ess of drift 
that has a hummocky to undulating surface or is locall y 
terraced . This dr ift blocked the channel of a creek, 
whi ch t hen cut a canyon 300 feet deep in bedrock. In 
some va ll eys Bostock noted that the Na nsc n dr ift is 
exte nsively wea th ered; the sto nes in the drift arc rotted, 
and usuall y both till and gravels arc brown. Till benea th 
a lava flow, 3 mil es down stream from Fort Selkirk o n 
Yu kon Ri ver, is be lieved to be re la ted to the N anscn 
Gl aciation but m ay be o lder. On the nor th s ide of Stewart 
Rive r valley, th e Nansen glacier appea rs to have reached 
the a ltitude of a low pass in the va ll ey side so that melt
watcrs fl owed no rthwa rd depos iting a dis tin ct ive g ravel 
tra in ::dong the va ll ey of Austra li a Creek and I ndia n Ri ver 
as far as their junction with Yukon Ri ve r about 40 m il es 
below the m outh of Stewart Ri ve r. 

Bostock states that in upper Stewart Vall ey th e pro
files of th e ice su rfa ces of th e major glac ie r adva nces ri se 
eastward ge ntl y and converge in e leva tion so th a t the 
morai nes of th e McConnell adva nce a rc so close to th ose 
of th e earlier advances that th ey arc virtu a ll y in distin
gui shable . On T al bot P lateau, sou th cast of M ayo, the 
McConne ll and Reid M o rai nes re ach a ltitudes of 4 ,000 
and 4,400 feet respectively, and scatte red e rrati cs b.:: licvcd 
to be re mn ants of th e Kl aza G lac iation occu r up to an 
elevat ion of 4, 700 feet. Two smal l buttcs ri sin g above 
4 ,700 feet elevat ion may have been nun a taks . Other 
mora in es a rc p resent in th e a rea so me of wh ich m ay re flect 
osc ill a ti ons o f the ice front s d uri ng th e o lder glaciat ions. 

In west- ce ntra l Yukon , Vernon and Hughes ( J 965) 
found sca ttered evidence of one or more o ld glac iations 
beyond o r above a clearly defined glac iated te rrain of an 
intermediate glaciati o n which, in turn , lay beyond or abo ve 
th e depos its of the last m ajor glac iation. Little is known 
of the oldest glac iati ons o th er th an the occur rence of scat
tered e rra tics in o therwi se appa rently ung lacia ted a re as. 
The trace of large transccti on g lac ie rs, fo rmed durin g the 
intermed iate g laciati on, h ave been delineated in the east e rn 
part of th e region and the ir grad ients ove r long stretches 
have bee n de termin ed as from 19 to 35 feet to the mile . 

Buried Organic Deposits of the Main Glaciated Areas 

Both intergl ac ia l and interstadia l deposits a re recog
nized in southern British Columbia and perhaps arc the 
equ ivalents of the Sangamon and mid-Wisco nsi n interva ls . 
In Yukon the extent of severa l Pl e istocen c ice sheets have 
been delimited bu t on ly in one area has it bern poss ibl e, 
tenta ti vely, to ass ign the buried organ ic deposits-and 
hence th e ir assoc ia ted glaci a l deposits- to any pa rticul a r 
Pleistocene period . The locat ion of buried organ ic deposits 
in so uthern Briti sh Columbia and th e Yukon Territory 
a re shown on Figures X fl - 14 ( a) and ( b) respectively . 

Straits of Georgia and Juan de Fu ca. In the Strait of 
Georgi a region subtill o rganic-bear ing deposits, known as 
the Quadra sed iments, have been ass igned to the Olympia 
[nterglacia ti o n whi ch preceded the las t m ajo r o r Frase r 
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1. Vancouve r Isla nd and Fraser Lowland ; Quadra sediments 

2. Vancouver Island and Frase r Lowla nd; pre Quadra sediments 

3-5. Thompson River vall ey and tributaries; yo unge r and old er 
intertill sed iments 

6. Koo tenay Lake; palaeoso l and interti ll se diments 
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1. Klua ne Lake; younger and older intertill sediments 

2. Fort Selki rk area ; sediments beneath striated lava 

3. Ma yo Lan ding area 

4. McQ uesten area 

5. Liard River 

FIGURE Xll-14. loca tio n of buried organ ic d e posits in the Cordilleran 
Region : (a ) Southern Br itis h Columbia; (b ) Glaciated parts of Yukon 
Territory . 

Glaci a tion (Armstron g, et al. , 1965). For comparati ve 
purposes, these may equ a te, on th e basis of rad iocarbon 
da tin gs, with the mid-Wisconsin and Classical Wiscons in 
of th e mid-continent and Great Lakes reg ion . Recen t 
in vcs ti gations by J. G. Fyles and E. C. H alstead have shown 
the w id e distributi on of Quadra sed im ents on so utheastern 
V anco uver Island . According to Fyles ( l 963b), the 
Quadra sed iments com prise a lower unit of cl ayey si lt w ith 
sto nes an d marin e shell s, a m iddle unit of pla nt-bearing 
silt, grave l, and sa nd , and an upper unit of white sa nd with 
local beds of gravel and pl ant-bearin g si lt. M ax imum 
thickness of th ese units is about 80, 40, and 250 feet. 
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The lower unit is considered to represent a transition from 
glaciomarine to marine conditions. The middle, plant
bea ring unit appears to have originated in a swampy coastal 
lowland during, and also probably fo llowin g, a regression 
of the sea in which the underlying marine clay had been 
deposited. The upper unit is a fluvial-plain deposit 
characterized by cut-and-fi ll structures; it contains beds of 
gravel and pl ant-bea ring silt composed largely of debris 
from the Coast Mountains of the m ainl and. Fy les suggests 

that the present Strait of Georgia may have been com
pletely filled with sediments prior to the Fraser Glaciation. 

Pollen and m a rine molluscs in the Quadra deposits 
record a climate cooler than the present and somewhat 
comparab le to the present climate of the Gulf of Alaska. 
The vegetation differs from that on Vancouver Island today 
in rarity of Dougl as fir and abundance of spruce. Radio
carbon dates range from about 20,000 to perhaps 50,000 
years B.P. Thus, either the lower limit of a very lengthy 
non-glac ia l interva l remains to be established or two sepa
rate intervals arc represented by deposits currently assigned 
to the Quadra on Vancouver Isl and . 

Quadra sediments on Vancouver Isl and in places 
overlie a till and associated sediments, the D ashwood drift, 
which in turn rest on the non-glacial M apleguard sedi
ments. At Ica rus Point, E. C. Hal stead states that peat 
in th e basal part of Quadra-typc sediments overlies a till 
that rests on peat, silt, and silty sand. The lower peats 
were dated at > 37,600 and > 36,650 years (GSC-1 55, 
191). These older sediments overlie some JO feet of stony 
marine clay, which overlies a third till exposed near beach 
level. Prc-Quadra sediments contQining o rganic m atter 
also occur beneath till at Cordova Bay, Victoria. Ac
cording to J. G. Fyles, these sediments contain a pollen 
assemblage that is believed to represent true interglacial 
conditions, perhaps the Sangamon Interval. Equivalent 
deposits that include peat and wood-bearing strata occur in 
coastal exposures west of Sookc in Juan de Fuca Strait 
and have been dated a t > 40,300 years ( GSC-358). 

Both Quaclra and pre-Quaclra organic-bearing sedi
ments have been noted also by J. E. Armstrong near Lynn 
Creek in Fraser Lowland. Quaclra sediments, elated 
36,200 ± 500 years (GSC-92-2), overlie a till that rests 
on an older sand, gravel, encl peat unit from which 
wood has been dated > 52,300 years (GSC-555). These 
older sediments overli e an olde r basal till. 

The best-documented and most complete Pleistoccne 
section in Fraser Lowland, if not on the whole west coast, 
is th at a t Point Grey, Vancouver (Tab le XII-2), where 
some 130 boreholes and a long tunnel have added im
measurably to data ava il able from study of the seacliffs. 

Quadra and pre-Quadra sedime nts occur respectively 
also in Coquitlam and Surrey municipalities east and south
east of Vancouver. 

South ern interior, British Columbia. Fulton ( 1965) cites 
two distinct intertill sequences in the valley of Thompson 
River and its tributaries. The lower consists of oxid ized 
sand, silt, and gravel containing volcanic ash, together with 

TABLE XII-2 
Composite section of Pleistoce11 e depo
sits, Fraser L o wland (by 1. E. A r111-
stro11g) 

Stratified sed iments (postglacial) -stream and 
marine 

Till and associated sedime nts (Fraser Glacia-
tion )-glacia l, glaciofluvial, glaciolacus-
trine, glaciomarine 

Non-glacial (Quadra) sed iment s (Olympia ln 
lergl aciation )-swamp, flood plain, cha nnel 
and estuarine; peat in basal part dated 
> 36,800 years (GSC-8 1) 

Till and associa ted sed iments (Scm iamu Gla
ciation )-glac ial, glaciomarinc, marine 

Non-glacial sed iments (interglac iation?)-
swamp, lacustrine, flood plain, channel, 
mari ne; includes some peat 

Till and stratified deposits (glaciat ion)
glacial, glac iomarine: includes shell s 

Non-glacial sed iment s (intertill) cha nnel and 
flood pl ai n 

Till? 
Bedrock (Eoce ne) 

(Max. known 
thickness. feet) 

70 

215 

200 

130 

155 

15 

15 + 

wood and freshwater shells. Shells from near Merritt gave a 
el a ting of > 37,200 yc::i.rs (GSC-258) . Wood and shells 
from K am loops gave ages of > 32,700 and > 35.500 year~ 
(GSC-275, 4 13). The upper sequence, also sand, silt, 
and gravel but unoxicli zccl, is correlated with deposits th at 
::i t Salmon Arm, Shuswap Lake, contain wood elated at 
20,230 ± 120 years (GSC-194). An erosional uncon
formity separates the two sequences. Till and glacio
lacustrine deposits, locall y exposed beneath th e older 
oxidized sediments, indicate that a t least one glaciat ion 
preceded the older non-glaci al interva l. The intertill 
sediments were deposited prior to the Fraser Glaciation 
during a non-gl ac ial interva l which comprised at least two 
periods of aggraclation separated by an interval of oxida
tion and soil formation. 

Fu lton ( 1968) indicated rather simi la r geologica l 
events in Purcell Trench, north of Kootenay Lake. H e 
has demonstrated the occurrence of two glacial sequences 
separated by non-glacial sediments that contain organic 
m atter and a paleosol. An unconformity separates the 
older till and varied associated deposits from the younge r 
sediments. The paleosol, which includes A, B, and C 
horizons, is developed on some of th e older materials. 
A fin ite age of 41 ,900 ± 600 years ( GSC-733) was ob
tained on roots embedded in the A horizon . The younger 
non-glacial sediments represent deposits of an aggrading 
flood plain. Two radiocarbon elates on materials suc
cessively neare r the top of the flood plain unit were 
43,800 ± 800 and 42,300 ± 700 years (GSC-740, 720). 
An age of 41,800 ± 600 years (GSC-7 16), furthermore, 
was obtained from a stump growing on a slope facies of the 
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palcosol but embedded in the yo unger grave ls. Silty sedi
ments that intcrtongue with the gravel yielded wood that 
gave elates of 33,700±330 and 32,7 10 ±800 (GSC-
542, 493) from successively higher positions. A coarse 
gravel overlying the silty sediments co ntai ned wood in its 
upper part that dated 25,840 ±320 (GSC-715) . The 
gravel is capped by till. Fulton rel a tes the upper till to 
the Fraser G lac iation which, judging by elates from K am
i oops region, did not reach the Kootcnay a rea until after 
abou t 20,000 years B.P. H e relates the non-glacial sedi
ments to the Olympia lntcrg laciation of the west coast. 
The palcosol was clcvc lopccl following the older glac iation 
and was successively buried by the interglacial sed im ents 
until perhaps 41 ,800 years ago. 

Cenrral and northern interior, British Columbia. In central 
and northern British Columbia interglacial sediments have 
been reported but their interpretation is doubtful. Jn 
places non-glacial intervals arc inclicatccl by buried river 
channels cut into older till s or bedrock and by the oc
currence of buried placer deposits. Lignite or peat 
occurs in grave l beneath till along Stikinc and Tuya Ri vers, 
but the origin of the depos its is unknown. The indi cated 
non-gbcia l intervals must prcdate the last major glaciation 
but whether earlier Wisconsin, pre-Wisconsin, or pre
Plcistoccne has not been determined . Jn many parts of 
central British Columbia the Tertiary deposits arc uncon
solidated and not readily di stinguishable from Pleistocenc 
sediments. The occurrence of lava flows or sills in un
consol idatcd sedi ments is more characteristic of the 
Tertiary, but as lavas overli e till sheets in some places, 
volcanic activity must have continued into the P lcistocenc. 
Lava flows associated wi th the tills or othe r Plei stocene 
sediments may serve as a means of elating some events 
and provide information on the o lder Pleistoccne. 

ln!erior Yukon Territory . Within the glaciated part of the 
Cordil lcra n Region in the Yukon few occurrences of 
buried organic materials have been reported, but un
doubtedly m any more will be found as the region is 
stud ied. 

Jn Kluanc Lake area on the northern side of St. Elias 
Mounta ins organic materials occur in drift that prcdatcs 
the last major glaciation, the Klu ane, and, on the basis 
of geomorphological and stratigraphic evidence, indicate 
three separate non-gl acial intervals ( D enton and Stuiver, 
1967). Organic debris in outwash related to the o ldest 

CLASSICAL WISCONSI 

The last continental ice sheet had three main com
ponent parts, the Laurcnticle Ice Sheet, th e Cordilleran 
Glacier Complex, and the Queen Elizabeth Islands G lacier 
Complex.1 The Laurentide Ice Sheet is commonly re-

1 Th e term '~lacier complex' is used in th e broad sense to include ice 
sheet, ice cap, piedmont glacier, and valley glacier. 

recognized glaciation, the Shakwak, and organic debris 
from a silt bed beneath ice-co ntact stratified drift of the 
you nger Icefield Glaciation, and peat from sinuous 
stringers contained in the Icefield till itself, proved too 
old for radiocarbon ana lyses ( Y-1 355, 1481, 1486) . 
Organic debris in outwash o ve rl ying the Jcefielcl till, how
ever, yielded three finite dates rang in g from 30, I 00 to 
37,700 years (Y-1356, 1385, 1488). These deposits are 
overlai n by the Klu ane till. 

The finite datings appear to represent a non-glaci al 
interva l, the Boutellier, of about 10,000 years duration 
which may be th e equiva lent of the mid-Wisconsin interval 
of the mid-continent. The Sil ve r non-glacial interval be
tween the Iceficld and Shakwak Glaciations, from which 
the older age-datings were obta ined, was much longer 
than the Boutell ier interval judging by differences in the 
depth of oxidation of the underlying materials, but 
neither the duration nor the climate of the interval is 
known. It m:iy be either ea rl y Wisconsin or Sangamon; 
if the latter, then the Shakwak Glaciation and its out
wash deposits may be Il linoian. 

ear Fort Selkirk on Yukon Ri ver a Pleistocene lava 
with a striated surface, overlies gravel, sand, and silt 
that in turn over I ies glacial till. Charred wood found 
4 feet from the top of the bedded unit was dated at 
>38,000 years B.P. (I-GSC-27) . Another record of 
forest cover predating the last glacia tion was found nea r 
Mayo on Stewart Ri ver. An abraded log was found in 
th e base of a till lens occurring near the top of a 100-foot 
section of sand and gravel, the whole overlain by bedded 
silt. The till lens at this site is considered to be the 
same as the upper till at numerous sites alo ng the ri ver 
nearby, and to represent the glacie r which apparently 
terminated some 8 miles below Mayo Landing. The 
wood was elated at >3 5,000 years (I-GSC-180). Nearby, 
wood from a silt, sand, and minor gravel unit overlain by 
about I 0 feet of till and 30 to 50 feet of thinly bedded 
silt and sand, was dated at > 46,580 years (GSC-33 1). 
Also on Stewart River, below McQuesten, old wood was 
found in an ash lens beneath I 0 to 15 feet of organic si lt 
(GSC-342). 

Further interest in g evidence of fo rme r fo rest cove r 
is the report of wood from a 200-foot cut-bank on Liard 
River. A thin soi l zone, including a vo lcanic ash horizon, 
and about I 00 feet of brown till over! ies about 100 feet 
of crossbedcled sa nd . Wood from 30 feet above ri ver level 
was dated > 40,100 yea rs (GSC-412). 

AND POSTGLACIAL EVENTS 

ga rd ed, on the basis of ice-flow patterns, as comprising the 
Labrador and Keewatin sectors which, although confluent 
at the Wisconsin glacial maximum, became discrete areas 
of outflow during deglaciation. The former retreated 
to one or more centres or ice divides in northern Quebec 
and Labrador, and the latte r to an ice divide west of 
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Hudson Bay. These major a reas of late ice flow them
selves split up into smal le r short-lived units of outward
flowing ice prior to the final dissipation of the main 
remnants. Deglaciat ion also resulted in other major 
components of Laurentide Ice Sheet. An ice sheet re
mained and was nurtured locally in Foxe Bas in and, later, 
on Baffin Island . This ice sheet, th e Foxe-Baffin Glacier 
Complex, was independent of the Keewatin and Lab rador 
sectors at least in late Wisconsin time, and parts rem a in 
today. Also, early in the degl acial process, major inde
pendent ice caps formed in the Appalachian regions , for 
instance, in ewfoundland, and in part may have been 
independent of the Labrador sector throughout most of 
the Wisconsi n. The above ice masses and stages in their 
deglacia tion are shown in Figure 15. 

The last continental ice sheet is described acco rding to 
its majo r component pa rts regardless of the degree of 
interdependence experienced during their build-up, at 
their maximum, or during decay. These are: Appalachian 
Glacier Complex, Labrador sector of Laurentide Ice Sheet, 
Keewat in sector of Laurentide Ice Sheet, Foxe-Baffin 
Glacier Complex, Cordilleran G lacier Complex, and Queen 
Elizabeth Islands Glacier Complex. Due to the size of the 
areas within the zone of influence of the major glacier 
units chosen, it may be necessary to di scuss some mat ters 
according to smaller areas or to particular glacial or de
glacial events . As the ice sheets and glaciers waned 'and 
the land su rface was uncovered, the forms implanted by 
the ice were left exposed or were covered by glacia l debris 
washed out from the reced in g ice margins on land , in 
lakes, or in the sea. The complex record of glacial and 
postglacial features and deposits remaining today afford a 
means of tracing the paths of the receding ice margins and 
interpreting the degl acial and postgl acial events. 

Appalachia n Glacier Complex 

The Appalachian Glac ier Complex occup ied most if 
not all of the Appalachian Region in Canada. This in
cludes the isl and of Newfoundland, the Maritime Provinces, 
and the Appalachian Mountains of so utheastern Quebec. 
The build-up of glaciers in this region prior to the Wis
consin max imum is littly known . The physiographic 
province is, in large part, a highl and region of abundant 
snowfall, which under the Wisconsin climatic conditions 
may have developed a number of independent ice caps 
early in the glacierization process . Under the influence 
of p revailing northeas terly moving moisture-l aden winds 
from the continental interior and from surroundi ng bod ies 
of wat-cr, these ice caps may have sp read rad ially by 
differenti al accretion and preferentiall y towards the south
west. There are many records of glacial striae and grooves, 
and of rock dispersal, that trend at right angl es to what is 
commonly considered the ice-flow trend at the Wisconsin 
max im um and during later retreat. The Appalachian 
Region may well have been la rgely ice-covered before 
confluence with Labrador ice was established along 
the St. Lawrence River and Strait of Belle Isle. Early ice 

movements a re thus postulated as local and independent of 
the outward growth of the Labrador sector of Laurentide 
Jee Sheet. It is probable that the Appalachian Glacier 
Complex was comprised of two main parts, one over 
Newfoundl and and th e other over the M aritime Provinces; 
both were confluent with the Labrador secto r of Lauren
tide Ice Sheet for some time during the Wisconsin but 
confluence with each other along Laurc nti an Channel, 
through Cabot Strait, was short- li ved at the Wisconsin 
glacial maximum. 

The pattern of deg laciatio n as indicated by ice-flow 
fe atures of all types (Map 1253A) gives little evidence of 
general ice-frontal retreat towards Quebec and Labrador. 
The influence of the maritime environment is obvious. 
Only on the mainl and of ova Scotia is there a regional 
southeasterly trend to suggest glac ier move ments from, 
or retreat towards, a Labrador centre , but this trend could 
equa ll y we ll indicate a centre of outflow from New Bruns
wick or M a ine. Though Labrador errat ics have been re
ported on the Gaspe H igh lands, a significant overriding 
of t he Gaspe and New Brunswick Highl ands by Labrador 
ice of Wisconsin age has not been proven . 

Newfoundland 

Glacial events. On Ava lon Peninsul a, H enderson ( 1960) 
fou nd no evidence of a general ice invasion from the west 
and concluded that the penin sula had its own ice cap 
from which active glaciers flowed northward and south
ward down the channels now occupied by Trinity, Con
ception, St. Mary's, and P lacenti a Bays, and thence onto 
the Grand Banks. A few cobbles from the main part of 
the isl and occur along the cast side of Trinity Bay at abo ut 
20-to-25-foot elevation and hence close to the marine 
limit ; this suggests that the main island ice remained active 
after considerable recession of the Ava lon ice cap and as 
the sea encroached on the present shores of Avalon 
Peninsula. 

Henderson believes that the last act ive glacier on 
Avalon Peninsula lay in St. Mary's Bay and moved debris 
into the central part of the peninsula as it fan ned out to
wards Trinity and Conception Bays; free flow southward 
along St. Mary's Bay was impeded by a 'baymouth' 
threshold. Transve rse lineaments in the morainal materi als 
of central Avalon are evident on airphotos, although such 
pa tterns are not in variably convex in the direction of flow . 
H enderson believes that the glacier down-wasted in St. 
Mary's Bay with marginal ret reat taking place on al l sides. 

MacClintock and Twenhofel ( 1940, p. 1731) con
cluded that the whole island was glaciated during the 
Wisconsin and t hat " . .. ice spread as a complete cap 
fro m the Long Range Plateau, the Cent ral Plateau and 
the Avalon Peninsula outward in all directions, to beyond 
the present sho re lines of the island ." Their studies gave 
no indication of pre-Wisconsin events as earlier postulated 
by Coleman, but rather served to establish a gross chronol
ogy for the Wisconsin, based mainly on observations in 
St. George's Bay area in southwestern Newfoundland. 
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FIGURE XII - 15. Stages in the deglaciation of Wisconsin ice. 
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The oldest drift-"St. George's River Drift"-includes till, 
ice-contact gravel, and marine silt, all of which display a 
topography suggestive of ice blocks surrounded or buried 
by marine beds. Following a significant ice-frontal retreat 
from the shores the " Bay St. George Delta" was built, 
complete with marine fossils like those of the present day. 
With re-advance the ice overrode the delta, deposited an 
upper till, and built an end moraine system near the coast ; 
these deposits comprise the "Robinsons Head Drift." A 
major retreat of the ice towards the central plateau areas 
followed, but a still-stand produced the "Kittys Brook" 
moraine system in the va ll eys. Further recession resulted in 
the higher knobs of the plateau protruding above the ice 
sheet and becoming over-steepened by the outward-moving 
ice . St ill later the ice occurred only as local valley glaciers 
on the steep sides of the plateaux. Some glaciers deposited 
small moraines and formed cirques, many of which sti ll 
contain perennial snow and ice. The work of K. Widmer 
in the Hermitage Bay area, on south coast of Newfound
land, shows the same close association between ' late' ice 
and marine overlap. 

On the main part of the island there was strong out
ward ice flow (Jenness, 1960) . Fiords are particularly 
well developed along the south and northeast coasts. There 
arc large areas of fluted and drumlinizcd terrain, and of 
ribbed moraine (Pl. XII-7). The lineations, together with 

recorded striae, grooves, and boulder train data, suggest a 
very complex ice-flow pattern with erratic, shifting centres 
of active flow during the waning of the isl a nd ice cap. 
The last active ice caps appear to have been on Newfound
land Highl and. 

The matter of Labrador ice occupyi11g much of New
foundland at the Wisconsin maximum, as postulated by 
FI int ( 1940) on the basis of increasing height of raised 
strand I ines northward along the west coast , is open to 
question. The writer believes that Newfoundland main
ta ined its own active ice cap throughout Classical Wis
consin time though it was confluent with Labrador ice in 
Gulf of St. Lawrence during most of this period. Mac
Clintock and Twenhofel ( 1940) reported that overriding 
Labrador ice was possible but there was no real evidence, 
and concluded that the problem would remain unresol ved 
until the transportation of drift boulders was studied in 
terms of regional geology of mainland and island alike. 
Cooper ( 1937) , however, actua ll y records mainl and er
ratics dispersed over the highest part of the northern encl 
of Grea t Northern Peninsula and associated with southeast
trending striae. Such glaciation by Labrador ice is to be 
expected in such close proximity to the mainland. On 
aerial photographs a system of De Geer moraines along 
Strait of Belle Isle is evident, which indicates late south
wcstward flow along the strait into Gulf of St. Lawrence, 

PLATE Xll-7. Ribbed moraine near Meca Pond in eastern Newfoundland. Vertical airphoto. The rib ridges show no evidence of ice flow . Scale 
1 inch ta 1,320 feet. 
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probably of confluent Newfoundland and Labrador ice. 
As marine waters extended northcastward up the deep 
channel between Quebec and Newfoundland, and thence 
into the shallow Strait of Belle Isle, Newfoundland ice 
would be separated from Labrador ice . At about this 
stage of dcglaciation, about 12,000 years ago, Mccatina 
Plateau northwest of Strait of Belle Isle was effectively 
dive rting Labrador ice towards the northeast, away from 
the Strait of Belle Isle. 

On northern Newfoundl and va riations in the trend of 
De Geer moraines suggest a short-lived active centre of 
outflow from the area of former Newfoundland and 
Labrador ice confluence at the extreme northern end of the 
peninsula. Late ice flow from the Newfoundland High
lan d changed from southwestward to northwcstward as the 
centre of outflow shifted back to the Long R ange high
land and a system of lobate end moraines was formed 
in the vicinity of Ten Mile Lake. 

The writer's observations in the central-west coast 
region support the concept of an active Newfoundland ice 
cap in late Wisconsin ti111e . There was strong ice flow 
fro111 the interior both along major va lleys parallel the 
bedrock structures and also across rugged terrain towards 
the west coast . 

.Marine e1·e11ts. The interpretation of data on 111ax1mum 
marin e overlap is co111plicatcd by the fact that ' late' ice 
has prevented the registration of the highest shorelines in 
so111e a reas, as in southern, southwcstern, and probably also 
northcastcrn coastal Newfoundl and. This pheno111enon 
i111plies that local as well as regional postglaci al rebound 
is reflected in the resultant picture of m arine overlap. 

On Avalon Peninsu la, H enderson ( 1960) found evi
dence of late-glacial marine overlap only along the east 
coast of Trinity Bay and on Avalon Isthmus. The isobase 
of zero uplift may trend northeastward along the cast side 
of Pl acentia Bay. cross the isthmus at Norman's Cove, and 
thence pass just inland from the east coast of Trinity Bay. 
H end erson found that the elevation of raised marine 
features increased northwestwarcl along the isthmus and 
also northward along the east shore of the island proper 
to Bonavista Bay and beyond. The 100-foot isobase 
passes along the southeast ·shore of Burin Peninsula and 
along the ax is of Bonavista Bay. The isobase data may 
reflect an early period of marine overla p broadly con
centric about the eastern side of Newfouncllancl. 

The highest shoreline features decrease in elevation 
westward along the south coast. K. Widmer records 
wave-cut benches on islands at the mouth of Fortune Bay 
and on nea rby ma inland points at an elevation of 100 to 
110 feet. The marine limit is about 70 feet at head of 
Fortune Bay and 30 feet near Burgeo. Between Burgeo 
and Port aux Basques raised shore features are absent. 
Simil arly, along the southeastem side of St. George's Bay, 
on the west coast of Newfouncllancl, there is evidence of 
late ice advances into the sea that may have prevented 
the reg istration of high shoreline features (Flint, 1940; 

MacClintock and Twenhofel, 1940). Flint has reported, 
nevertheless, that the level of maximum marine overlap 
increases from zero at the southwest end of Newfound
land to 100 feet in head encl of St. George's Bay, and to 
200 feet in Bonne Bay, with isobases trending N70 °E. At 
a later time, during a pause in the uplift, the sea carved 
benches in bedrock along the west coast and on the north 
coast, termed the "Bay of Islands surface." The trend 
of the isobases on this su rface is N80 °E, the zero isobase 
lying a long the north shore of St. George's Bay, the 100-
foot isobase passing through Bonne Bay, and the 250-foot 
isobase passing through H are Bay . Study of aeri'.11 photo
graphs of this area reveals another prominent bench near 
sea le vel, possibly that recorded by Cooper ( 193 7) as a 
wave-cut bench at 30 feet elevation. 

On the north coast raised marine features exhibit 
three still-stands, two of which may correlate with those 
record ed on th e west coast. The third set may reflect the 
early period of mar ine overlap recorded along the eastern 
shores of the island. M arine shells from Baie Verte, con
sidered to be rel ated to a former sea le vel at I 80 feet 
elevation, gave el ates ranging from 11 ,520 to 11 ,950 years 
B.P. (GSC-55, 75, 87). As there is evidence of marine 
features and deposits well over 200 feet and perhaps up 
to 250 feet, it is evident that deglaciation of the north coast 
had begun well before 12,000 years ago. M arine shells 
from the west coast of Newfoundl and have also been 
radiocarbon dated; these indicate marine invasion into 
St. George's Bay prior to 13,420 ± 190 ( GSC-598), and 
into Bay of Tslancls b~fore 12,600± 170 years B.P. 
(GSC-868). 

Cape Breton Island, Nova Scotia 

It has been presumed that the Laurentide ice 
invaded the Gulf of St. Lawrence and passed southeast
ward ac ross Cape Breton (Goldthwait, J . W., 1924). 
Glacier ice certainly flowed southeastward through Cabot 
Strait, scouring St. Paul Island and the northern tip of 
Cape Breton and aiso passed through the Strait of Canso, 
but elsewhere the regional ice-flow trends are poorly pre
served and little understood. The writer believes that 
Cape Breton Highlands were not glaciated by Labrador 
ice but rather by a local ice cap, and that outward ice 
flow was not extensive. 

There is evidence, however, of a glacier in Northum
berland Strait on the west side of Cape Breton Island. 
Valleys between 200 and 250 feet elevation appear to have 
been filled, as if by glacial imponding, and later terraced 
by stream action. E. H. Muller records a river section 
a mile north of Southwest Marga ree where 8 to 10 feet of 
gravel overlies about 20 feet of red Jake clays, l 0 feet red 
dish gravel, and 5 feet of blue cohesive till. It may well 
be that the glacier th at imponded lakes in valleys along 
the west coast of Cape Breton was the one in Northum
berland Strait, which may represent confluent ice from the 
highl ands of Nova Scotia and New Brunswick from the 
south and west. 
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Goldthwait ( 1924) reported northeast-trending stri ae 
over eastern Cape Breton and refuted an older hypothesis 
that this ice flow was from Newfoundland. He noted icc
flow features and drift 'tai ls' th at unmistakably proved a 
northeast to northward ice flow but he was concerned as 
to the source area. Though the more northward-trending 
stri ae on the cast coast require an ice flow from the 
continental shelf towards the present island he suggested a 
possible source area south of Strait o( Canso. Lacking 
information on such a centre, however, and with knowl
edge of cast and cast-northeast str iae along orthumber
land Strait he favoured a flow from New Brunswick with, 
presumably, a rad ial expansion as the ice emerged from 
Strait of Canso and Chedabucto Bay. This event preceded 
his Acadian Bay ice lobe which he considered th e main 
Wisconsin Glaciation. The late H. L. Cameron, however, 
indicated sou th-southwcst-trcnding striae cast of Bras d 'Or 
Lake and an end moraine system thought to be formed 
by this glaciat ion. Some indications of former southwcst
ward ice flow are also evident on acri:il photographs (Map 
1253A). The anom alous southwcst ice-flow trend of 
eastern Cape Breton appears to be developed on a broad 
morainal tract . D. R. Grant (GSC) cons iders that this 
trend represents a younger ice flow that oriented the drift 
and lightly stri ated the bedrock. On the southcast side of 
many shore outcrops he found evidence of intense scour
in g action by glaciers directed towards the northcast. The 
older str iae, grooves, and roc/1es 111011to1111ees and the 
trough-I ikc topography of Chcdabucto Bay suggest a 
funnelling of ice down the trough with northward spl ay ing 
or lobi ng along eastern Cape Breto n. The younger glacier 
movements appear to have been southcastward through 
Strait of Canso and northcastward along Bras d'Or Lake 
basin, and also sout hward and sout heastward out of the 
lake basin towa rds the sea. Neither the ice-flow trends in 
easte rn Cape Breton, their indi cated source areas, nor the 
indicated order of glacial events arc in accord with the 
concept of the Labrador ice ove rridin g the isl and and ex
tending onto the continental she lf. 

Information on marine overlap in Cape Breton is 
limited. A prominent subhorizontal feature at :ibout 200 
to 250 feet is present over long st retches of both eastern 
and western shores. H. L. Cameron reported limited 
marine ove rl ap in Aspy Bay on northern Cape Breton, and 
a long the southcast coast, but also proglacial lakes in 
several va lleys in-filled to about 250 feet. Jn view of the 
semi-coincidence in leve ls some of the raised coastal fea
tures may be ice-contact phenomena, or else both val lcy
fills and coastal terraces arc graded to a common sea-l evel 
stand, poss ibly of pre-Wisconsin age. The writer has not 
seen any evidence of marine overlap on Cape Breton 
Island. 

Mainland Nova Scotia 

Glacial eve11ts. The pattern of ice-flow features in Nova 
Scotia south of the Cobequid Mountains is orderly; at the 
Wisconsi n maximum the ice moved southcastcrly across 

the region. This ice-flow direction is exhibited in many 
places by drumlins composed of fine-textured till. Jn 
arnas und erlain by granite or quartzite the till is silty to 
sandy and light coloured. In a zone along LaHave River 
the till is olive-grey and derived from local slates. Else
where to th e northeast the drumlins are composed of an 
:inomalous red till that overlies locally derived tills, and 
is believed by Grant to have been derived largely from 
Plcistocene sediments scoured from Bay of Fundy, Minas 
Basin, and Northumberland Strait. L. H. King (The Bed
ford In stitu te) located off-shore moraines that may repre
sent the Wisconsin maximum or a somewhat later stage 
of retreat. He believes that the off-shore moraines prob
ably formed at a time of low sea level when relatively 
thin ice calved into marine embayments. 

As the Wisconsin glacier waned the ice front along 
the Atlantic coast retreated inland to the northwest. 
Absence of marine overlap along this coast suggests a 
relatively thin ice sheet near its terminus. As dcglaciation 
proceeded marine waters invaded the Bay of Fundy givi ng 
rise to a concentric pattern of retreat towards the Nova 
Scotia Uplands. Late stage upland centres of outflow were 
act ive. Drumlins have been re-oriented in some areas and 
cskers appear at vari:rnce with earlier ice-flow features. 
Late ice in the ce ntral upland region remained active or 
was reactivated so that it moved granitic drift northward 
across Cornwallis-Annapolis Valley and deposited it on 
the Triassic trap rocks of North Mountain, and along the 
Fundy shore (MacNeill, J 953; Hickox, 1962 ). That the 
central Nova Scotia Uplands should retain an ice cap late 
in the period of dcglaciation is not surprising in view of the 
maritime setting: it is at present an area of heavy snowfall. 
The precise age of this upland ice cap is not known and 
there are currently no dates on relevant materials, but it is 
known that the sea invaded the western side of Bay of 
Fundy prior to I 3,325 ± 500 years B.P. (f-GSC-7). 

The pattern of ice-flow features in northern ova 
Scotia is highly irregular. The Cobequid Mountains and 
Antigonish Highlands appear to restrict the ge ne ra l south
cast flow so typical of the region to the sout h and east. 
There was some glacier flow northward from these high
lands towards Northumberland Strait. Glacial stri ae and 
boulder trains indicate northward movement in the vicinity 
of Pictou and New Glasgow. Cobequid-type igneous 
stones occur sporadically to the north of the mountains 
in the red sandy tills of the lowl ands; they arc especially 
noticeab le near Pictou and on Pictou Island. Goldthwait 
( 1924) believed the former were derived from the north 
flank of the mountains by eastward-moving glacie rs from 
New Brunswick in advance of the Acadian lobe incursion 
from the north . Others contend that the last ice to invade 
the lowlands was from New Brunswick rather than from 
the north. The occurrence of Cobequid igneo us stones in 
the red till of the Carboniferous Lowlands required some 
northward transport; this might have resulted from stream 
deposition prior to emplacement of the last red till sheet 
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but later northward glaci~r movements are more probable 
as such stream transport is not effective with the present 
relief. Late active glaciers on the eastern Cobcquid Moun
tains and Antigonish Highlands arc indicated also by the 
occurrences of cskers and associated outwash, with north
dipping beds, as along River John near Scotsburn and 
Maryvalc. Jn Barney's River area, at the east end of 
Merigomish Island, the outwash is graded to, or below, 
present sea level. Furthermor::: along the coast near 
Malignant Cove kame terraces, with northeast-dipping 
cros beds, occur up to elevations of about l 00 feet; these 
formed while th e same late glacier occupied Northumber
land Strait. 

The western end of Cobequid Mountains does not 
appear to have harboured a late ice cap. In this region 
glacier retreat was northward and mcltwater poured 
through gaps in the western Cobequid Mountains to de
posit extensive valley trains with kcttled deltas in Minas 
Basin. Small elongate moraine ridges on the north-central 
part of the Cobequids may be end moraines. The north
castcrly trend of Joggins moraine ( Wickenden, 1941), 
south and cast of Amherst, has been assumed t:i indicate 
glacial retreat towards the northwest. However, both 
northwcst and southeast of this moraine, fluting and striae 
trend south-southwest and the ice flow was undoubtedly 
southward; this ice-flow direction is the reverse of that 
farther east and was most likely formed at a somewhat 
earlier date as a calving bay developed in Bay of Fundy. 

Marin e events. Postglacial changes of level in Nova 
Scotia arc complicated. The Fundy cmbayment is the 
only area affording evidence of former emergence but the 
whole province is now involved in submergence. Jn south
west Nova Scotia the isobases of differential uplift trend 
northeas tward, roughly para llel to the Fundy shore, with 
the zero isobase at Yarmouth ; uplift is 120 feet at Digby 
and 150 fe et on Long Island, southwest of Digby. The 
isobase trend changes abruptly in Minas Basin. This may 
result from changes in amount and rate of uplift due to 
early opening of Bay of Fundy as a calving bay in the ice 
front, to presence of late ice north of Minas Basin, and 
possibly also to the structural influence of Cobequid fau lt. 
For these reasons. projection of the Fundy iso base data 
northward from Minas Basin may not be valid. Borns 
and Swift ( 1966) report glaciofluvial deposits overlying 
glaciomarine dcltaic deposits; the top surface of the former 
slopes from approximate 140 feet elevation at Advocate 
Harbour to 60 feet near Truro whereas the surface of the 
lower unit slopes from elevation 130 feet ( 110 feet above 
high tide level) in th e west to mean high tide at Five 
Isl ands, about halfway between these places . The writer, 
howeve r, be lieves the upper unit is bas ically glaciomarine 
and that the relict marine surface slopes from 120 feet 
west of Parrsboro to 20 feet at east end of Cobequid Bay. 
He believes that 'late' ice prevented marine waters from 
entering the Truro lowland, and also prevented develop
ment of higher-level strandlines near Advocate Harbour. 

The tidal range in Minas Basin is tod ay about 40 to 55 
feet but it was undoubtedly different in the past; for this 
re :ison the marine limits are referred here to high tide. 

There is no evidence of mari ne overlap along most 
of the Northumberland shore . A sea bench on the north
east-trending coast east of Arisaig records a former sea
level stand some 5 to 10 feet above the present , and com
parable sea-level stands have been recorded elsewhere 
along this and th e George Bay coast; all these are believed 
to be pre-Wisconsin . In the extreme northwestern part 
of the province, howeve r, the zero isobase of postgl acial 
uplift is believed to pass through Northport, with maxi
mum marine overlap increasing westward to perhaps 50 
feet at the provincial bounda ry. The evidence is, however, 
ra ther inconclusive. 

Prince Edward Island 

Evidence of glaciation in the western part of Prince 
Edward Island has long been recognized (Chalmers, 1895) 
by an abundance of igneous and other stones in the drift. 
These were derived from westerly or northwesterly sources, 
whereas the bedrock is red sandstone and shale, mainly 
of Permian age. The general absence of foreign stones in 
the drift of the central and eastern pa rts of the island led 
early workers to regard the drift mantle as a regolith ; but 
undoubted glaci:il till is present in all parts of the island 
(Prest, 1962; Frankel, 1966). It has also been assumed 
that the last major glacier to override the whole island 
was from the north-the Acadian Bay lobe of Goldthwait 
( I 924). The distribution of erratics along the north shore 
lends some support to this concept, but south-trending 
striae are generally lacking whereas cast-trending striae 
occur along or near the coast. A few north-south trending 
striae have bee n recorded from central parts of the south 
coast but the sense of movement is unknown. These striae 
prcdate the last major glacier movements along Northum
berland Strait. The general southeasterly trend of ice
flow features across most of the island, coupled with 
the prevalence of foreign stones in the western end, 
suggests glaciation from New Brunswick. The is land was 
dcglaciated, however, over a period of time during which 
significant lobing of the ice fronts occurred. On the basis 
of miniature crag-and-tail features on the south shore 
west of Borden it is known that there was late westward 
flow a long Northumberland Strait. But numerous glacial 
striae along the south shore between Borden and Hills
borough Bay, however, trend northeast-southwest rather 
than along shore, and similar trends occur in the interior 
on the southwest side of the central higher parts of the 
island. This suggests th at late ice flowed southwestward 
from the interior towards the Straits and thence westward 
beyond Borden. Also eastern and north-central parts of 
the island are characterized by an abundance of glacio
fluvial deposits and an anastomosing system of eskers, 
whereas elsewhere these features are uncommon; this 
situation is thought to reflect th~ final decay of remnant 
ice on central and eastern Prince Edward Island. 
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Marine overlap in western Prince Edward Island 
reaches a maximum of 75 or 80 feet along the west coast. 
The marine limit in the northwestern part of Malpeque 
Bay is about 30 feet and in the southeastern corner about 
10 feet. The zero isobase appears to be near Borden and 
probably trends southward across Northumberland Strait 
to Cape Tormentine, New Brunswick. There is no evi
dence of marine overlap in central or eastern Prince 
Edward Island. Shells from northwestern Prince Edward 
Island, believed related to a sea-l evel stand about 50 feet 
above the present, were dated at 12,410 ± 170 years and 
12,670 ±340 years (GSC-101, 160). 

Magdalen Islands, Quebec 

The Magdalen Isl ands in the central part of the Gulf 
of St. Lawrence are commonly regarded as lying squarely 
in the path of Laurentide Ice Sheet as it spread south
ward or southeastward towards the Atlantic. There 
is, however, no evidence of Wisconsin Glaciation above 
the lim it of postglacial marine overlap, and below this 
limit there is only a till-like material that was deposited 
under water. 

At Amherst Harbour, Goldthwait (1915) observed 
a 15-foot sandy deposit, resembling glacial till and con
taining only local rock materials overlying deeply decayed 
buff weathering, grey sandstone. As some of the stones 
had striations parallel to their long axes he concluded 
that a glacial origin was more valid than a marine drift 
ongm. Coleman ( 1920) also noted the complete absence 
of glacial features on Amherst Island as ide from the 
sandy drift, but he concluded that the thin margin of 
the continental ice sheet was afloat at a time of h igher 
sea level. 

Alcock ( 1941) reported boulder clay on Amherst 
and Entry Islands, ground moraine on Grindstone Island, 
an end moraine on Coffin Island, and large erratics at 
elevations over 200 feet on Grosse Isle. He saw no 
evidence of marine uplift, thus disagreeing with Chalmer's 
interpretation of beaches and terraces to about 115 feet 
and Coleman's marine overlap to about 200 feet. Prest 
(1957) considered the Coffin Isl and end moraine to be 
a kettled deposit of ice-contact stratified drift , or kame 
moraine, with the beds dipping inland to the west, and 
that its bouldery surface was the result of ice rafting 
during a period of marine overlap. The boulders are 
mainly foreign to the islands and are believed derived 
from a northern source. He confirmed the presence of 
marine gravels on Grindstone Isl and to a maximum 
elevation of 120 feet. Alcock considered the 'till' on 
Amherst Island to be a deposit let down gently from 
floating ice, an opinion shared by the writer in view of 
the contact relations between drift and bedrock. 

The exact reason for the presence of striated local 
stones in the marine drift mantle of Amherst Isl and 
remains obscure ; these stones were probably deri ved by 
glacier action some distance beyond the present shores 
and later ice rafted into their present position. Marine 

or Jacustrine submergence of at least 120 feet elevation is 
indicative of ice near at hand; this is also indicated by 
the ice-contact stratified drift on Coffin Island. Glacier 
ice evidently reached the islands from the north , but 
only shelf ice reached the southern shores. 

New Brunswick 

Glacial events. The pattern of ice-flow features in New 
Brunswick clearly reveals a south to southeast trend in 
the western and southern parts, and an east to northeast 
(and/ or southwest) trend in eastern parts . Granitic rocks 
from the Precambrian Shield occur in the Saint John 
River vall ey, on the adjoining Chaleur Uplands (Lee, 
1955), and in an end moraine along the northern flank 
of the Chaleur Uplands. It is thus clear that Laurentide 
ice did reach the upland as well as flow strongly down the 
Saint John River valley, and probably also down the 
Matapedia Valley in Gaspe into Chaleur Bay, but else
where glaciation was relatively li ght. Alcock ( 1948) 
found evidence of strong glacial flow from the northern 
end of New Brunswick Highland northeast towards 
Chaleur Bay and east towards Gulf of St. Lawrence, and 
concluded that such movements must have preceded as 
well as followed the arrival of Laurentide ice in New 
Brunswick. He assumed that Laurentide ice over-topped 
the hi ghlands on the basis of south-trending striae in 
southern ew Brunswick and particularly in the Moncton 
area, but striae trends in this area are now known to be 
diverse. It is more likely, judging by ice-flow patterns 
and an encl moraine (Map 1253A), that ice flowed mainly 
around the highlands rather than over them. Flint ( 1951) 
suggested th at the ice responsible for the northeast- and 
east-trending striae was of local derivation and subsequent 
to the main Laurentide glaciation. South of Bat hurst, 
the ice-flow features visible on airphotos, suggest that 
some late ice flow was out of Chaleur Bay and towards 
the south-southwest but this has not been confirmed. 
Farther south, between Newcastle and Moncton, ice
flow features and an east-west encl moraine also suggest 
a southerly ice movement as if from Miramichi Bay. On 
the other hand , but a short distance southeast of the ice
flow features and closer to Moncton, miniature crag-ancl
tail features observed on a pebbly sandstone indicate ice 
flow to the northeast parallel to the regional drainage. 

On both the mainland and islands in the extreme 
southwest corner of New Brunswick, Alcock noted roch es 
moutonnees and striations trending southeast to east, in 
contrast to the general south-southeast trend typical of the 
western part of the province. He concluded that there had 
been an ice movement from the moLmtains of Maine, 
presumably prior to the main Laurentide glaciation . 

Marine events. Chalmers (1890) noted marine terraces 
along the Fundy shore both southwest and northeast of 
Saint John. In the former area the deposits had a 
max imum altitude of 225 feet and contained shells; in 
the latter area the highest terrace deposits were only 125 
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feet and no shells were seen. In Saint John River valley 
at Fredericton, Lee ( J 959) found estuarine deposits at 
125 feet. It is possible that the lower part of Saint John 
River valley and the New Brunswick side of Bay of Fundy 
were covered by late ice while the high-level terraces 
were being formed southwest of Saint John. Shells from 
the seacliff 5 miles west of Saint John are dated at 
13,325 ± 500 years (I-GSC-7). 

Along the east coast of New Brunswick large tracts 
of low-lying ground formerly covered by the sea show 
little or no evidence of marine action; there were ap
parently no significant halts as the land rose from the 
sea and, in general, marine sediments appear to have been 
removed by erosion or incorporated into the soil profile. 
Local areas of marine sand, gravel, and poorly washed 
sediments, and the disposition of ice-rafted boulders do 
provide some evidence of former marine action. The 
marine limit varies from zero at the east end of Cape 
Tormentine to 100 feet at Moncton. It is 150 feet about 
15 miles west of Richibucto and 225 feet at Newcastle 
and Bathurst. Farther west along Chaleur Bay the marine 
limit is not evident, probably as a result of late ice in 
Chaleur Bay during the period of maximum overlap along 
the east coast. The isobases of differential uplift trend 
northeast along the Bay of Fundy shore, northward 
through Moncton area, and northeastward again along the 
east shore of the province; this gives them an open S-shape. 
The effects of late ice and the possible influence of Cobe
quid fault in the amount and rate of uplift on either side 
of Bay of Fundy, together with the lack of age determina
tions, preclude correlation across the bay. The uplift in 
western Prince Edward Island, however, appears in accord 
with data from eastern New Brunswick. 

Gaspe Peninsula, Quebec 

Glacial events. Much has been written concerning glacia
tion of Gaspe Peninsula; this is succinctly summarized by 
McGerrigle ( 1952). Cirque and local ice-cap develop
ment preceded Laurentide glaciation of Gaspe Peninsula. 
Shield erratics have been found on the highest parts of 
the peninsula. There is no proof, however, that the 
erratics were emplaced during the last major glaciation. 
McGerrigle notes the general sparseness of erratics in 
eastern Gaspe, and the seeming absence of anorthosite 
in a 50-mile-wide belt along the central part of the 
peninsula. It is noteworthy that neither McGerrigle nor 
Brummer (1958) reports Canadian Shield stones in the 
Beland-Upper York River highland area though they 
occur in lower areas farther east. It is perhaps noteworthy 
that granite gneiss erratics in southeastern Gaspe are only 
recorded along or close to the shore highway and their 
mode of emplacement is uncertain. The Matapedia Valley 
was the main ice-flow route into Chaleur Bay. 

A highland ice-cap phase followed the maximum 
phase of Laurentide glaciation and, as the ice receded from 
the north side of Gaspe, this ice cap remained active and 
transported boulders northward as far as St. Lawrence 

River (McGerrigle, 1952). On the eastern end of the 
Shickshock Mountains, erratics derived from lower areas 
some miles south of the mountains indicate that the high
land ice cap once had a centre of outflow lying south of 
the highlands proper. As the ice cap waned it broke up 
into minor ice caps that gave rise to radi al flow as from 
the Tabletops and Beland-Upper York River highlands. 
The local ice-cap phase of gl aciation finally gave way to 
cirque and valley glaciation. 

Marine events. The extent of marine overlap along the 
southern and eastern coasts of Gaspe is not precisely 
known. Marine sediments are reported at J 80 fe et on 
the north side of Chaleur Bay and at 224 feet on the 
eastern end of the peninsula. The writer observed gravel 
deposits up to a maximum of 180 feet near Grand Cas
capedia, but regarded these as outwash deposits graded 
to a wave-base perhaps as low as 120 feet above the present 
sea level. The steep outcrops of the eastern end of the 
peninsula do not lend themselves to the preservation of 
marine strandlines. A marine terrace at Prevel has an 
elevation of only 90 feet and at Cap-des-Rosiers Est the 
upper limit of near-shore sediments is at 75 feet. At 
present there is evidence of coastal 'drowning' at the head 
end of Gaspe Bay. Along the western part of the north 
shore marine deposits have been recorded up to 300 feet, 
but 4 miles east of Mont Louis the writer did not see any 
evidence of marine overlap above the surface of a sm all 
delta at an altitude of 95 feet. 

Appalachian Mountains of Quebec 

Flint ( 1951) has summarized the voluminous liter
ature pertaining to an Appalachian centre of glacial 
outflow (that either preceded or followed glaciation) from 
the highlands of Maine, New Hampshire, Vermont, and 
adjoining Quebec. In the last area the problem concerns 
the evidence of northward flow towards the St. Lawrence 
from Notre Dame and Green Mountains. Flint con
cluded that ice has flowed northward, at least locally. 
Recent studies by Gadd (1966), however, do not support 
the concept of glacial transport to the north . It may be 
that glaciation of the western part of the Appalachian 
Highlands, south of Quebec City, was unlike that in the 
east where late northward flow is evident. Lee ( 1962) 
reported striae and crag-and-tail indicative of northward 
ice flow in the Riviere du Loup-Trois Pistoles area. These 
were formed when a calving basin developed in St. Law
rence Valley while ice remained over the drainage divide 
in Notre Dame Mountains. 

Labrador Sector, Laurentide Ice Sheet 

Little is known about the initial developmert of the 
Labrador sector of the Laurentide Ice Sheet or the course 
of glacier movements that led to the ice cover of the 
entire region between the Labrador coast and western 
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Manitoba, and possibly beyond. It is probable that in 
response to a change in climate, the Lake Plateau of 
~entral Quebec-Labrador developed an ice cap by "in
;tantaneous glacierization" (Ives, 1957), followed by radial 
•Jutflow. The early influence of an open Hudson Bay 
.. n the development and differential expansion of the ice 
:ap towards the west was favoured by Hare ( 1951) 
and Derbyshire ( 1962) but not, on climatological grounds, 
JY Barry ( 1960) . The prevailing southwestcrly winds 
fro m the mid-continent no doubt contributed to south
westward expansion of the ice sheet towards Ontario and 
the Great Lakes region. There were probably local 
•:entres of excessive snow accumulation in the marginal 
zone of the expanding ice sheet ; these may account for 
glac ier lobations and resulting striae which in many areas 
diverge markedly from the general, deglacial, trend. 

E arly in Classical Wisconsin time the glaciers flowed 
off the Laurentian Highlands into St. Lawrence Valley 
and, upon filling the valley, sought escape northeastward 
towards the Gulf of St. Lawrence and southwestward to
wards the Ontario basin. Gadd (1966) reports striae 
indicative of southwesterly ice movements from the north 
fla nk of the western end of Notre Dame Mountains south 
of Quebec City, which he believes were formed during an 
overriding phase of glaciation. Strong eastward ice flow 
was long-continued down Saguenay River and thence 
northeast down St. Lawrence River as indicated by ice
flow features on the land and a very deep channel in St. 
Law rence River beginning at the mouth of the Saguenay. 
The channel extends east-southeastward across Gulf of 
St. Lawrence through Cabot Strait and thence to the edge 
of the continental shelf, and is known as Laurentian 
Channel. Ice-flow features give some indication that the 
ice-flow divide in St. Lawrence Valley may have migrated 
westward from well east of Saguenay River to somewhat 
west of the Saguenay during Wisconsin time. Gadd sug
gests also that during the Wisconsin there was a shift of 
the centre of outflow in the Laurentian Highlands towards 
the west and that by the time the glacier was waning in 
St. Lawrence Valley the ice-flow direction was southeas t
ward across the valley. He reports evidence of strong ice 
flow south-southeastward up the Chaudiere River valley 
at this later stage. 

The Laurentide ice upon filling St. Lawrence Valley 
and flowing along it sought escape southward through 
cols in the eastern part of Notre Dame Mountains and 
hence combined with elements of the Appalachian Glacier 
Complex; ultimately, as earlier mentioned, it may have 
overtopped the highest mountains in Gaspe, but its south
ward extent was perhaps more limited than has been 
generally recognized. 

Study of the mineralogy of tills of southwestern 
Ontario led Dreimanis, et al. (1957) to conclude that 
glacier movements into Ontario and Erie basins were first 
from the north-northeast and only later from the east along 
the axis of the lake basin. The seeming Teversal of the 
order of major periods of ice flow between Erie basin 

and Trois-Rivieres region may be a result of their wide 
geographic separation and also to the different parts of 
Wisconsin time being considered. The occurrence of 
cobbles and boulders of Gowganda conglomerate in south
western Ohio also indicates strong southerly movements 
from the Huron basin prior to the incursion of the Erie 
ice lobe. Also, in northwestern Ontario the writer found 
pebbles and cobbles of oolitic jasper, derived from the 
Sutton Mountains-Nowashe Lake belt west of James Bay, 
or from the Belcher Islands on the east side of Hudson 
Bay, and of a characteristic greywacke reportedly derived 
from Cape Jones at northeast end of James Bay, perhaps 
as much as 600 miles from their outcrop area . These 
indicate an early southwesterly ice-flow direction that 
is somewhat divergent from the deglacial flow pattern. 

Information on the retreat of the Labrador sector of 
Laurentide Ice Sheet is naturally far more abundant than 
on the advance or build-up stages. The present surface 
bears a record of the last glacial events, modified only in 
part by postglacia l changes, whether erosional or deposi
tional. After the Wisconsin glacial maximum it is prob
able that there was thinning of the ice sheet over a broad 
marginal zone as the ice front retreated . The following 
discussion attempts to follow the major changes and 
events as the ice front receded from various parts of the 
country. 

St. Lawrence Lowlands 

In southern Quebec the margin of active ice receded 
northward from Notre D ame Mountains into St. Lawrence 
Valley , but flow probably continued both up and down 
the valley from near the mouth of Saguenay River for 
some time befo re giving place to a general southward 
flow across the valley . During this latter stage the ice 
advance was restricted by the north side of Notre Dame 
Mountains and a system of end moraines was deposited, 
the lowest of which is known as the Highland Front 
moraine (Gadd, 1964, 1966). The whole system repre
sents a lowering of the surface of about 1,000 feet. The St. 
Antonin Moraine (Lee, 1962) is the easternmost end 
moraine of the Highland Front system, and near Riviere 
du Loup the glacier that produced it was moving down 
valley and calving into the sea which occupied the lower 
part of the valley. 

Farther west, in the wide part of St. Lawrence Valley, 
meltwater was ponded between the Appalachian High
lands, including Adirondack Mountains, and the ice front 
to form glacial Lake Vermont, with discharge south down 
Hudson Vall ey. The Drummondville Moraine (G add, 
1960) was probably built during the Fort Ann phase of 
this lake. As the ice front receded northward the lake 
expanded northeastward along the south side of St. 
Lawrence Valley until it was able to discharge into the 
sea near Quebec City. The last short-lived lake is pre
sumed herein to represent the Trenton phase of the pos:t
Iroquois lakes as recognized in the Ontario basin by E . 
Mirynech, and is considered to be the last phase of con-
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FIGURE XI 1-16. Glacial lake phases during the recession of W isconsin ice from central Canada . 
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FIGURE XI 1-16. Glacial lake phases during the recession af Wisconsin ice from central Canada (cont.) 
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FIGURE Xll-16. Glacial lake phases during the recession of Wisconsin ice from central Canada (cont.) 
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FIGURE XI 1-16. Glacial lake phases during th e recession o f Wi sconsin ice from central Canada (cont.) 
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FIGURE Xll-16 . Glacial lake phases during the recession of Wisconsin ice from central Canada (cont.) 
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FIGURE XI 1-16. Glacial lake phases during the recession of Wisconsin ice from central Canada (cont. ) 
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FIGURE XI 1-16. Glacial lake phases during the recession of Wisconsin ice from central Canada (cont. ) 
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FIGURE XI 1-16. Glacial lake phases during the recession of Wisconsin ice from central Canada (cont.) 
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FIGURE Xll -16. Glacial lake phases during the recessian af Wiscansin ice from central Canada (cont.) 
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FIGURE XI 1-16. Glacial lake phases during the recession of Wisconsin ice from central Canada {cont. ) 
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FIGURE Xll -16. Glacial lake phases during the recession of Wisconsin ice from central Canada (cont.) 
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FIGURE Xll-16 . Glacial lake phases during the recession of Wisconsin ice from central Canada (cone.} 
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fluent Iroquois-Vermont waters. According to N . R. 
Gadd an ice lobe occupied Chaudiere River valley and 
probably formed the last barrier between the glacial lake 
and the sea (Fig. XII-16h) . Recession of the ice front 
from Chaudiere Valley allowed the lake to drain to sea 
level whereupon the sea encroached the upper St. Law
rence and Ottawa River valleys. This inland sea in St. 
Lawrence Valley above Quebec City constitutes the Cham
plain Sea (Gadd, 1964). Labrador ice remained active 
and built an end moraine, presumably in the sea, parallel 
to the valley in the vicinity of St. Narcisse (Karrow, 
1959) . This moraine may be traced westward some 100 
miles to near Lachute, Quebec (Parry and MacPherson, 
1964). As the ice front receded from St. Lawrence Valley 
the Champlain Sea attained its maximum northward ex
tent. Strandlines occur up to 750 feet above sea level 
north of Trois-Rivieres and Montreal. Thereafter differ
ential uplift brought about regression of Champlain Sea 
and development of the modern river system (Figs. 
XIl-16k-w). 

In the Great Lakes region, thinning of the Labrador 
sector of Laurentide Ice Sheet and retreat of the ice 
margin from the farthest point of advance, some 150 miles 
south of Lake Michigan, began about 17,000 years ago. 
The ice front ret reated into the Lake Erie basin about 
14,500 yea rs B.P . Meltwaters were ponded between the 
basin rim and the receding ice front to form the first of 
the glacial Great Lakes, Lake Maumee, with discharge 
southward into Mississippi River (Hough, 1958, 1963 , 
1966). Thereafter, fluctuations of the ice front and 
differenti al uplift of the land, consequent upon removal 
of the ice load, combined to produce a complex system 
of lakes and spillways throughout the Great Lakes region 
and extending into the upper St. Lawrence Valley. 

The present indicated history of the Great Lakes is 
the result of studies by geologists, geogra phers, and others 
that date back well before the turn of the century. The 
early work established the fundamental concepts pertainin g 
to glacial lakes and the framework upon which later work 
was based. Studies made during the las t decade, supported 
by radiocarbon datings, have made necessa ry some major 
changes in the basic chronology and sequence of events. 
The most recen t attempts to correlate events between the 
various lake basins and discharge routes arc by Hough 
( 1963, 1966 ), Wayne and Zumberge ( 1965 ), and Chap
man ( 1966). Two contrasting correlation charts are, in 
fact, introduced by Wayne and Zumbcrgc to indicate 
differing concepts held by various authors. On the Cana
dian side of the Great Lakes ava il ab le data and radio
carbon dates of lake deposits remain in conflict with the 
generally acci:pted correl ations. 

The writer has attempted to harmonize viewpoints, 
or otherwise point out discrepancies, concerning deglacial 
events in the well-documented history of the central Great 
Lakes and upper St. Lawrence regions with events in 
southern Manitoba and in James Bay reg ion. The account 
invokes non-uniform fluctuations of several majo r ice 

lobations-as a result of variably delayed responses to 
climatic changes-to overcome some problems raised by 
radiocarbon dating of lake and sea deposits in widely 
separated regions (Figs. XII-16 a-x). It is based also in 
part on regional ice-flow trendlines and mo ra inal positions 
developed during deglaciation (Map I 253A). 

The southern glacial Great Lakes. The first of the glacial 
Great Lakes formed in the western end of Erie basin and 
is known as glacial Lake Maumee (Fig. XIl-16a). It 
expanded into southern Huron basi n as the Huron ice 
lobe receded . Successive water levels, resulting from use 
of two different outlets as the ice margi n fluctu ated , were 
at 800, 760, and 780 fee t a.s.1.1 During the high phases 
discharge was to the south via Wabash River, and at the 
low phase to the west, via Grand River, into glacial Lake 
Chicago in the Mich igan bas in and thence south, in both 
phases, to the Mississippi Ri ve r system. Further ice 
retreat resulted in fi nal abandonment of the Wabash 
Rive r spillway and reopening and mod ification of the 
Grand River spillway to form glacial Lake Arkona , with 
its unwarped strandlines developed at 710, 700, and 695 
feet a.s. l. (Fig. XII- I 6b). Continuing ret rea t of the ice 
front resulted in low-level lakes that are recorded by 
deposits in the United States and locally in Canada. A 
major glacial advance that built the Po rt Huron mora ine 
system and a correlative moraine that crosses the base of 
Long Point in Erie bas in gave rise to glacial Lake Whittle
sey in western Erie bas in, with prominent beach at 738 
feet a.s .I. (Fig. XII-16c) . Discharge was to the north
west via Ubly Ri ve r channel into Sagi naw basin and 
thence to Lake Chicago and Mississippi Ri ve r. 

Fluctuations of the ice front resulted in expansion 
of the Jake both in the north and east, although at lower 
levels because of down-cutting of the outlet across Michi
gan Peninsula. These lake phases are known as Warren 
and Wayne and, in the main, they occupied the whole of 
Erie basin and southern part of Huron basin (Fig. XIl-
16d). Hough rel ated them to fluctu at ions of the Port 
Huron (Mankato) ice. The successive lake levels are 
reported as 680, 670, 660 (Wayne), and 685 feet a.s.l. 
Continued recess ion of both Huron and Ontario ice lobes 
resulted in still lower lake levels known as Grassmere 
at 640 fee t and Lundy a t 620 feet a .s.l. (Fig. XII-l 6e). 
Discharge was beli eved to have been eastward, for the 
first time, along south side of Ontario basin into the 
Mohawk and Hudson River systems . Hough has favo ured 
an outlet around the northern end of Michigan Peninsul a 
and thence vi a glacial Lake Chicago and Illinois Ri ve r 
to the Miss issippi , pointing to the simil arity of elevations 
of major lake phases in the lake basins concerned. Leve rett 
and Taylor ( 1915 ), however, thought that by Lundy time 
the Huron basin wateTs drained southward to Erie basin. 
Further retreat of the Ontar io bas in ice lobe facilitated 
discharge eastward; early Lake Erie was esta blished in 

1 a.s.1.- above Atlanti c mean sea level. The given eleva tion of a glacial 
lake is th e present elevation of th e unwarped part of the inferred lak e 
basin. 
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Erie basin and early Lake Algonquin in Huron basin with 
the controlling sill at Port Huron (Samia) at 605 feet a.s.l. 
(Fig. XII-16f). E arly Lake Erie occupied only a small 
part of the present Jake basin due to depression of the 
outlet at Buffalo (Fort Erie), but differential uplift later 
raised the outlet area with consequent filling of the Erie 
basin (Lewis, 1966). 

When the ice sheet receded from the southern part 
of Lake Ontario basin, a lower outlet was uncovered at 
Rome, New York, and the Lundy Lake was lowered 
rapidly. Glacial Lake Iroquois was established in the 
Ontario basin at about 335 feet a.s.l. (Fig. XII-l 6f). The 
spillway Jed eastward through Mohawk River valley to 
Hudson River and thence south to the Atlantic Ocean . 
Due to prolonged use of Rome outlet, many excellent 
shoreline features were developed. The writer believes, 
however, that the shoreline features at 1, 100 feet south
west of Covey Hill and ascribed to main Lake Iroquois 
are the work of a younger and lower lake phase. 

The main Iroquois shoreline in the Ontario basin is 
now warped upward along a line trending N20 °E with 
the hingeline situated south of the Jake basin . The shore
line is about 360 feet at Hamilton, 460 feet at Rome, and 
700 feet at Watertown, New York (Coleman, 1937). The 
indicated uplift gradient between Rome and Watertown 
is about 6 feet per mile. If this gradient and trend of 
uplift is projected beyond Watertown, the isobase of 
differential uplift through Cherabusco, New York, would 
be about 1,270 feet. An increase in the rate of tilt north
ward, as probably occurred, would give a higher figure 
but this would be offset by any swing towards the north 
in the line of maximum uplift, as does occur in the Adiron
dack region. Short spillways, at elevations of 1,305 and 
1,290 feet, have been reported south of Cherabusco 
(MacClintock and Terasmae, 1960; MacClintock and 
Stewart, 1965) and were believed related to local lakes or 
pondings in front of Fort Covington ice with discharge 
westward into Lake Iroquois . Though the Iroquois shore
! ine is reported at only 1, 100 feet south west of Covey Hill 
there is evidence of shoreline features to about 1,250 feet, 
1 V<i miles south of Cherabusco. This is considered to be 
an Iroquois shore rather than that of a local Jake. A small 
embayment of Lake Iroquois extended eastward from 
Cherabusco as a re-entrant between the receding northern 
and eastern ice fronts around Adirondack Mountains. This 
ice, probably Fort Covington, built an end moraine and 
ribbed moraine complex south and southwest of Covey 
Hill. C. S. Denny (U.S.G.S.) believes that an outlet 
opened southeast of Ellenburg, New York, which allowed 
main Lake Iroquois to breach the end moraine and dis
charge into glacial Lake Vermont farther south in Lake 
Champlain valley. In the northeast, strandlines indicate 
a lowering of about 150 feet during operation of this outlet; 
the real Jake level, however, was lowered perhaps only 75 
feet. The new lake level, formerly considered main Lake 
Iroquois, is herein referred to as the Ellenburg phase of 
the post-Iroquois lakes. 

As glacier recession was resumed, Covey Hill outlet 
('sill elevation 1,010 feet) was uncovered and the post
Iroquois lake level was lowered a further 75 feet. This 
lake phase was named glacial Lake Frontenac and is 
herein considered the Frontenac phase of the post-Iroquois 
lakes (Fig. XII-16g). The Covey Hill outlet today con
sists of a 60-foot dry waterfall or cliff, a 75-foot deep 
lake with an unknown thickness of sediment at its base, 
and a mile-long gorge about 130 feet deep and 300 to 600 
feet wide. When the ice withdrew from the northern and 
eastern flanks of Covey Hill there was a major drop in 
lake levels of some 125 feet. The short stand at this level, 
probably occasioned by an ice-marginal fluctuation on the 
northern sides of Covey Hill, is termed the Sydney phase 
lake by E. Mirynech. 

In the Trenton embayment in eastern Ontario the lake 
was lowered a further 30 to 75 feet according to Mirynech, 
prior to a significant hal t responsible for development of 
the Belleville beach. Isobases drawn on the Belleville 
beach would place the strandline on Covey Hill at about 
750 feet. This is the same as that of the Fort Ann phase 
of glacial Lake Vermont which expanded northward as 
the eastern side of Covey Hill was uncovered by the ice 
(Chapman, 1937) . The now confluent water bodies dis
charged southward along the earlier established route to 
Hudson River and the sea (Fig. XII-16h). 

Rapid ice-marginal retreat in St. Lawrence Valley 
allowed the Belleville-Fort Ann phase lake to expand 
northward and also to extend a Jong arm northeastward 
between the ice front and the easte rn Quebec Uplands 
which opened an escape route eastward to the sea at 
Quebec City. Water levels first dropped about 40 or 50 
feet and, acco rding to Mirynech, the Trenton shoreline 
was formed in the eastern part of Lake Ontario basin. This 
temporary halt in lowering lake levels was probably 
occasioned by an ice-marginal fluctuation in conjunction 
with a topograph ic barrier near Quebec City. As Labrador 
ice receded from Chaudiere River valley the Trenton 
phase lake drained to sea level; marine waters then inter
changed with the remai ning lake waters in upper St. 
Lawrence Valley to form Champlain Sea (Fig. XII-16i). 
The sea extended up St. Lawrence River to Brockville and, 
as the ice front receded, up the Ottawa River to Petawawa. 
The Lake Ontario basin waters were drained to the 
Admiralty low water phase, probably less than 25 feet 
above Champlain Sea. These last events occurred shortly 
after 12,000 years B.P . as Champlain Sea shells have been 
dated 11,880 ± 180 years (GSC-505). 

The indicated maximum drop in Jake levels from 
main Iroquois (presumably 335 feet a.s.I.) to the level of 
Champlain Sea is more than 335 feet. This is probably 
due to differential uplift during the later phases of lake 
history and to the difference in real sea level during early 
Iroquois and Champlain Sea time as compared to the 
present. Also, the main Iroquois data may well be in 
some error. 
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The Algonquin Lakes. As ice recession continued in the 
Huron basin, early Lake Algonquin occupied the southern 
part of the basin and, also, Georgian Bay and Lake Simcoe 
lowland. Numerous strandlines have been named in 
various parts of the Huron and Michigan basins applicable 
to a long 'Algonquin' interval of ice retreat and differential 
uplift, but it is evident that the lake phases and their 
implications are not yet adeq uately known . 

Early Lake Algonquin at 605 feet a.s.l. was drained 
southward, possibly first via Chicago and later via Port 
Huron , into Lake Erie until such time as Lake Simcoe 
lowland became free of ice and discharge was possible via 
the Kirkfield-Fenelon Falls and Trent Valley river system 
into Lake Iroquois (Fig. XIl-16f). Continued use of this 
outlet system, by the Kirkficld phase lake (at about 580 
feet a.s.l.), was blocked by a readvance of the Simcoe ice 
lobe (Deane, 1950) and discharge returned to the Port 
Huron outlet (Fig. XII-16g). Retreat of the ice front gave 
access to the Kirkfield outlet system aga in, but in the mean
time differential uplift is considered to have raised the 
drift-filled outlet; the water plane may thus have remained 
at about 605 feet a.s.l. for a lengthy period (Fig. XII-16 
h,i,j). 

The main Algonquin strandline in the Huron basin 
is a prominent feature, in many places marked by a strong 
shore bluff. According to L. J. Chapman, it is not found 
south of Point Clark, midway up the eastern shore, having 
been undercut by the present lake. It extends northward 
into Georgian Bay and eastward around Lake Simcoe to 
the Kirkfield outlet where, due to differential uplift, it has 
a present elevation of 870 feet (Deane, 1950) . The 
strong Algonquin strandline may be a result of operation 
of both the Kirkfield-Fenelon Falls and Port Huron outlets 
during a halt in isostatic uplift of the region. The writer 
considers it likely that down-cutting at Fenelon F alls 
greatly reduced the discharge at Port Huron over a lengthy 
period. Deane believed •the Fenelon F alls channel was 
about 30 feet deep. Extensive gorges were cut in lime
stone along Trent River valley above the Sydney strandline 
of the post-Iroquois lakes; thereafter discharge was appre
ciably lessened. 

The gradient of the warped main Algonquin strand
line in Lake Simcoe and Lake Couchiching areas increases 
northward from 2.8 to 4.0 feet per mile along a line 
N2 l 0 E. Farther north, the highest strandline recorded 
by Chapman ( 1954, 1966) of 1,070 feet elevation at 
Huntsville and 1,245 feet elevation at Sundridge shows a 
further increase in gradient to 5 .0 and 6.3 feet per mile. 
This high rate of tilt milit ates against rapid differential 
uplift during the time represented by the highest shore
lines and, accordingly, main Lake Algonquin must have 
extended northward as far as Sundridge without any 
appreciable change of level while the ice front retreated 
in the Huron-Georgian Bay region. Between Sundridge 
and Trout Creek, however, Chapman ( 1966) records that 
the highest strandlines were lowered northward by about 
50 feet, and he relates this lowering to differential uplift. 

If the main Algonquin water plane is projected northward 
to Trout Creek, however, the amount of lowering would 
be about 125 feet. Such sudden uplift during the existence 
of the lake in this area seems unlikely. It is more likely 
that a period of ice-marginal and subglacial discharge 
occurred at Fossmill, the waters flowing eastward through 
Petawawa and Barron Rivers into the Champlain Sea in 
Ottawa River valley. If the main Algonquin strandline 
was projected northward to the Fossmill outlet sill at Kil
rush (elevation 1, 145 feet) it would be at about 1,415 
feet elevation. Thus flow at Fossmill outlet over the 
Kilrush sill might have lowered Lake Algonquin by as 
much as 270 feet had this not been offset to some degree 
by differential uplift over a fairly lengthy period and 
provided the area remained above sea level. 

This two-fold process, ice-controlled discharge and 
differential uplift, may account in part for the long
standing controversy as regards parallel ism or convergence 
of some of the post-Algonquin beaches, namely Ardtrea, 
Upper Orillia, Lower Orillia, Wyebridge, Penetang, Cedar 
Point, and Payette. According to D eane (1950) the 
Fenelon Falls outlet remained in use until after the Ardtrea 
phase. There had been about 50 feet of differential uplift 
by Upper Orillia time, and Lake Simcoe was separated 
from 'Algonquin' waters following the Penetang phase 
(Fig. XII-l6k.) 

Prior to this event, during the life of Lake Algonquin, 
there was a major re-advance of the ice sheet in the 
Superior and Michigan basins, but apparently it was of 
little consequence in the Huron basin. This ice advance, 
the Yalders, is interpreted as a glacier surge from north
east of Lake Superior (Fig. XII-16i) . The highland east 
of Lake Superior may well have restricted the flow of ice 
into the Huron basin while it lobed far southward into 
Michigan basin. This lobation persisted as the Valders 
ice receded (Fig. XII-l 6j) and hence glacial Lake Algon
quin was able to invade the Sault Ste. Marie area while 
being restricted at the north end of Michigan basin and 
virtually excluded from Superior basin (Hough, 1958). 

Glacial Lake Algonquin did not enter the Sudbury 
basin; strandlines occur at various elevations but all are 
well below a projected main Algonquin water plane. 
Farther west, however, higher strandlines are evident and 
3 miles northwest of Sault Ste. M arie they reach an 
elevation of 1,025 feet . This strandline is clearly related, 
on the basis of isobase trend and rate of uplift, to the 
highest strandline recorded on Manitoulin Island. Three 
miles south of Little Current this is given as 1,013 feet, 
and is reported to be main Algonquin. Projection of the 
isobase eastward, however, shows it to be about 25 feet 
lower than the main Algonquin shoreline east of Hunts
ville. This suggests that Manitoulin Island was ice covered 
until after some 25 feet of uplift had occurred, probably 
during transition from the Ardtrea to Upper Orillia phase. 

In the northern part of Lake Simcoe area the differ
ence in elevation between Upper Orillia and Payette 
strandlines is about 140 feet (Deane, 1950, Fig. 7). Thus 
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operation of Fossmill outlet system over an extended 
period, with a maximum draw-down at Fossmill of about 
220 feet, readily accommodates all the strandlines recog
nized by Deane. Had there been no uplift of the Fossmill 
area during the life-span of these post-Algonquin Jakes, 
the Sheguiandah and Korah Jake phases, which represent 
a lowering of 70 feet below the Payette strandline at Sault 
Ste. Marie (Hough, 1958), might also correlate with dis
charge at Fossmill over the Kilrush sill. It is probable, 
however, that as differential uplift was already in progress 
an additional 50 to 100 feet of uplift may have occurred 
in the Fossmill area over a period of several hundred 
years. Accordingly the Sheguiandah and Korah lake 
phases may be correlated with use of subsidiary routes 
into the Petawawa River valley. One of these subsidiary 
routes is through Sobie and Guilmette Lakes, the con
trolling sill position being cast of the latter lake at about 
1, 125 feet elevation. This site, some 3 miles north of the 
Kilrush sill in the direction of maximum uplift, permits a 
further draw-clown of 40 feet, and is considered by the 
writer to correspond with the Shcguiandah phase Jake, 
35 feet below the Payette level at Sault Ste. Marie. A 
secuncl outlet route became available when the ice front 
rPcecled into the M attawa River valley and exposed part 
of the Amable du Fond River valley; this led southward 
to Mink Lake and the Petawawa River system. The sill 
at Mink Lake is at 1,075 feet elevation and lies on the 
same isobase as the Guilmette sill (elev. 1,125 feet). Thus 
a maximum draw-clown of 50 fcot is possible but there 
may well have been some 15 feet of uplift as the ice 
withdrew into the Mattawa valley. The writer therefore 
correlates the Korah lake phase, about 35 feet below 
Sheguiandah stage at Sault Stc. Marie, with use of the 
Amab lc du Fond outlet over the Mink Lake sill 
(Fig. XII-161). 

Discharge of the post-Algonquin lakes eastward at 
Fossmill, and by subsidiary channels, to Petawawa and 
Barron Rivers resulted in deposition of a large delta, com
posed largely of sand and some gravel, in the Champlain 
Sea. Judging by the size of the delta, the spillway must 
have la in along an active ice front . Gadd ( 1963), in fact, 
located a small end moraine in Ottawa River valley near 
the mouth of Petawawa River. Boulders in the Pctawawa
Barron Rivers spillway system are unusually large, in 
places averaging 2 to 3 feet in diameter. They form 
ridges and hummocks up to 20 feet high that appear to 
be bars built by torrential streams. 

While the discharge of the post-Algonquin lakes was 
controlled by Mink Lake sill, immediately prior to east
ward discharge clown Mattawa River valley, the water 
depth over North Bay sill was about 400 feet-a calcula
tion based on an uplift rate of 6.5 feet per mile in a 
direction N20 °E and substantiated by stranclline positions 
north of North Bay. As Hough ( 1958) considers the 
Payette phase lake had a surface elevation of 465 feet, the 
Korah phase was about 400 feet. Hough has given the 
elevation of Lake Stanley, the lowest level lake in Huron 

basin, as about 190 feet though it may have been appre
ciably higher according to C. F. M. Lewis. It is thus 
evident that following perhaps 200 feet of draw-down, as 
the post-Algonquin Lake discharged eastward along 
Matta~va River valley, the Huron basin part must have 
become separated from the lake remaining in the Nipissing 
Lake basin, which was then lowered a further 200 feet 
to expose the North Bay sill (Fig. XII-16m). There was 
also a separate low-level lake in Georgian Bay basin; 
W. M. Tovell proposes to name it Lake Hough in recog
nition of J. L. Hough's work on the documentation of the 
low-level lak.cs in Michigan and Huron basins. 

During the period of ice retreat eastward along 
Mattawa River valley, the lowering of lake levels must 
have been accomplished mainly by subglacial discharge. 
The writer has found no evidence of a surface outlet 
in the valley between Amahle du Fond an<l a point 5 miles 
southeast of Mattawa, Ontario. By the time surface 
(ice-marginal) discharge to the Ottawa River valley began, 
an over-all lowering from the Korah lake level in Nipis
sing-Mattawa Valley of about 370 feet had already taken 
place. Surface discharge then lowered the lake a further 
30 feet at which time North Bay sill emerged. With
drawal of the ice from Ottawa Valley between points 7 
and 20 miles east of M attawa on ly served to steepen the 
spillway gradient east of North Bay. 

Superior Lake Basin 

The Duluth-Minong- Houghton Lakes. Glacier retreat in 
Superior basin was in a northeastcrly direction, resulting 
in ponding of meltwater at the western end. The history 
of Superior basin lakes and ice retreat is dealt with by 
Farrand ( 1961) and Zoltai (1965). The early phases of 
Superior basin lakes, as recognized by Farrand, did not 
affect Canadian shores. G lacial Lake Duluth may have 
formed a beach on Isle Royale just east of the Interna
tional Boundary at 1,060 or 1,075 feet elevation, and 
Zoltai shows Lake Duluth extending along the boundary 
west of Lake Superior. Lake Duluth discharged south
westward to the Mississ ippi Valley (Fig. X II-l 6j) . Retreat 
of the glacier subsequently opened a lower route into 
Michigan basin that resu lted in a series of short-lived 
lakes. These were formerly considered equivalent to the 
Algonquin lake phases of Huron basin, but are now 
thought to be independent and arc referred to by Farrand 
as the post-Duluth lakes (Figs. XlI-16j-m). Beaches 
referable to some of these Jakes occur on Isle Roya le and 
west of Fort William. The latter, however, partly repre
sent a separate and earlier lake in the Kaministikwia River 
basin (Zoltai, 1965). 

When glacier retreat from the eastern end of Superior 
basin allowed the post-Duluth lakes free access to White
fish Bay they may have become briefly confluent with 
post-Algonquin lakes in Huron basin . Somewhat later 
the glacier receded entirely from Superior basin . Farrand 
refers to the resulting lake as Lake Minong; it was respon
sible for the highest shoreline features in the northeastern 
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end of the lake basin. The upwarped beaches occur 
between elevation 950 and 1,000 feet on the north shore. 
Farrand relates Lake Minong to Sheguiandah lake phase 
in Huron basin but the writer considers it to be somewhat 
younger and with its outlet at Sault Ste. Marie (Figs. 
XII-16n, o). 

Below the Minong strandline on the north shore of 
Lake Superior there are a succession of beach ridges or 
small wave-cut bluffs, depending on the character of the 
shore, that Farrand relates to post-Minong lake phases . 
They have a vertical range of over 50 feet. The lowest 
and best formed shoreline at 750 to 765 feet near Dorion 
is known as the Dorion beach and appears to have resulted 
from outlet adjustments rather than differential uplift 
(Figs. XII-J 6p, q) . Another adjustment was responsible 
for a fu rther lowering of several tens of feet, and develop
ment of a shoreline that Farrand considers correlative 
with the low-level lake phases in Huron basin. He named 
the low-level lake in Superior basin as Lake Houghton and 
reports that it discharged to the Huron basin by the proto
St. Marys River at Sault Ste. Marie. He considers the 
elevation of the lake as about 360 feet a.s.l. Its shorel ines 
have been destroyed along the east side of Lake Superior 
by a you nger lake but are preserved on the north shore 
as a resu lt of differential uplift (Figs. XII-16r, s) . 

Upper Great Lakes Region 

The low-level, Nipissing, and post-Nipissing lakes. As 
mentioned earlier, glacier retreat from the eastern end of 
Mattawa River valley served to drain the lakes in the 
upper Great Lakes basins to very low levels. The indi
cated amount of draw-down at North Bay also necessi
tates estab lishment of separate lakes in the Lake Nipissing, 
Georgian Bay, and main Huron basins (Fig. XII-16m) . 
Erosion of outlets from each of these bas ins allowed for 
continuing draw-down of the upper lakes over a very long 
interval during which differential uplift was raising the 
northeastern end of the drainage system . Thus the lowest 
levels of Stanley, Chippewa, and Houghton were not 
established simultaneously. These lakes remained until 
their outlets were drowned as water encroached from the 
east consequent upon the continuing uplift of the North 
Bay region. A speculative configuration of the lakes is 
shown in (Figs. XII-16m-w) . Dependant upon the as
sumptions made as regards both the ages of the several 
post-Algonquin lake phases and the amount and rate of 
differential uplift during their life-span and during the 
subsequent low-level lake phases, various ages may be 
deduced for these low-level lakes. Lake Stan ley may have 
merged with Lake Chippewa as early as 10,400 years B.P. 
rather than as la1e as 8, 100 yea rs B.P. as shown. Perhaps 
an age of 9,500 years B.P. is more likely than either ex
treme but it is necessary to allow sufficient time for the 
re-excavation of Mackinac channel between the Michigan 
and Huron lake basins. 

When North Bay was raised to 605 feet a.s .l. dis
charge began again at Port Huron and at Chicago. Con-

tinuing differential uplift finally raised North Bay outlet 
above the lake surface and drainage was entirely by the 
southern outlets. Long use of the southern outlets 
resulted in a rather stable lake level and a consequent 
well-marked shoreline, that of the Nipissing phase of the 
Great Lakes (Fig . XII-16x). The confluent water bodies 
in Huron, Michigan , and Superior basins with discharge at 
Port Huron and Chicago are referred to as the Nipissing 
Great Lakes. The Nipissing terrace is well displayed a 
short distance west of North Bay at 700 feet elevation 
whereas the present shore of Lake Nipissing is at 648 feet . 
The highway to Sault Ste. Marie crosses the Nipissing 
terrace many times. 

The Nipissing phase of the Great Lakes is usually 
dated at about 4,200 years B.P. Many organic deposits 
from positions below the Nipissing strandline, in va ri ous 
parts of the Great Lakes area, have been given ages 
ranging back to more than 7,000 or 8,000 years B.P.; 
these are commonly referred to the interval of pre-Nipis
sing rising water levels. However, recent dates from Little 
Pie River, north shore Lake Superior, indicate the age of 
a Nipissing phase lake to be about 6,000 years B.P. Wood 
from silty clay beds beneath a 15-foot capping of sand 
that forms a terrace at the highway bridge over this river 
was dated at 5,920 ± 120 and 5,960±120 (GSC-83, 
103). The terrace has an eleva tion of abo ut 700 feet. 
Farrand ( 1961) considered the deposit Ni pissing/ Algoma 
transition as he determined the elevation at 692 feet and 
found a cobble ridge at 718 feet which he conside red to 
be the Nipissing beach. The writer and S. C. Zoltai noted 
a transition from plant-bearing silty clay, with shells in 
the upper few feet, upward into shell-bea ring (mai nly 
Sphaerium sulcatum) sand. Tiny plant tissues from the 
basal few inches of the sand were dated at 6, 100 ± 160 
( GSC-285). The writer therefore considers the plant
bearing silty clay, the shell-bearing sand, ·aftd the boulder 
beach to represent the same lake phase, probab ly the Nipis
sing. On the eastern side of Lake Huron , 4 mil es north
east of Owen Sound, wood has been found in the basal 
part of an extensive gravel ridge that L. J. Chapman 
considers an undoubted Nipissing beach. The gravels are 
18 feet thick, pass down-slope into sand, and rest on a 
silty clay. The wood from the sand-clay contact was dated 
at 5,770± 130 (GSC-347). Fourteen mil es to the east 
at Meaford, wood was found in clay beneath 8 feet of 
sand with surface elevation of 605 feet that is also con
sidered related to a Nipissing phase lake. The wood was 
dated 6,300± 150 years (L-312). 

Radiocarbon dates on basal organic materials from 
small lakes at the Nipissing level on Manitoulin Isl and 
(Lewis, 1968) prove that a Nipissing phase was near maxi
mum about 5,500 years ago. Similar ev idence from 
North Bay reported by Lewis indicates that the spi llway 
ceased to function before 5,000 years B.P. It is thus 
evident that the Nip iss ing Great Lakes (605 feet a.s.l.) 
formerly considered to be in the order of 4,200 years 
B.P. are in fact a combination of lake phases reflecting 
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first the use of three outlets and later the use of only the 
two southern outlets, the whole ranging from about 6,000 
to 4,200 years B.P. The three-outl et phase may be termed 
Nipissing Great Lakes I (Fig. XII-16x) and the two-outlet 
phase Nipissing Great Lakes II. 

Erosion of the southern outlets of Nipissing Great 
Lakes II lowered the wate r level until a segment of Port 
Huron spillway system became stabilized by a combina
tion of bedrock and concentration of boulders at the same 
time that Chicago outlet was rock-controlled; the resulting 
halt in the lowering of the outlets initiated the Algoma 
phase lake at about 596 feet elevation (Hough, 1958). 
This event may have occurred about 4,000 years ago 
( GSC-301). As the northern parts of the lake basins were 
slowly uplifted , a lateral shift in the Port Huron channel 
into more easily eroded mate ri als brought abou t a resump
tion of down-cuttin g. Uplift of the sill at Sault Ste. Marie 
gave rise 1o a separate lake in Superior basin known as 
the Sault stage (Farrand, 1961) possibly about 2,000 to 
3,000 years ago. This was followed by a sub-Sault stage 
and finally Lake Superior at 602 feet elevation. In the 
meantime down-cutting at Port Huron lowered the Huron 
and Michigan basin waters to their present 580 feet 
elevation. 

Northwestern Ontario 

Retreat of the ice in northern Ontario beyond the 
Superior and Huron basi ns is dealt with by Zoltai ( 1961, 
1963, 1965) and Boissonneau ( 1966, 1968). Prior to its 
retreat from Superior basin , the Laurentide Ice Sheet west 
of Superior had advanced southwest into Minnesota. As 
it receded northward into weste rn Ontario it rem ained in 
contact with glacial Lake Agassiz over a wide front; the 
history of this lake is discussed separately. Fluctuations 
in the rate of ice flow resulted in construction of a num
ber of noteworthy end moraines. The most southerly end 
moraine system in western Ontario trends southcastward 
from Lake of the Woods to Rainy Lake (Map 1253A). 
Following au ice-fronta l retreat of about 75 mil es to the 
northeast the Steeprock Moraine was constructed; this 
extends from near Steeprock Lake southeastward to 
Internat ional Boundary about 25 mil es west of Lake 
Superior. Shortly thereafter the much more extensive 
Eagle-Finlayson Moraine was constructed; this may be 
traced for about 175 miles southeastward from 30 miles 
northwest of Kenora to within 30 miles of Thunder Bay, 
where it is truncated by an end moraine left by a 
Superior basin ice lobe. Following a major retreat in 
western Ontario, a re-adva nce of the ice front was 
responsible for the Hartman Moraine which Zoltai 
(1965) considers to be of Valders age. At its north
western end it curves sharply to the north and then north
east until truncated by the younger Lac Seu! Moraine . 
When the ice front was at the H artma n Moraine, major 
ice lobes were also active in Nipigon and Superior basins 
and built the correlative and adjoining Dog Lake and 
Marks Moraines respectively. The latter has been traced 

to a high bedrock area southwest of Thunder Bay and 
hence the 'Valders' ice border may cross the International 
Boundary only a few miles west of the Superior shore. 

Some 10 to 20 miles northeast of Hartman Moraine, 
the ice sheet built the extensive Lac Seu! Moraine, which 
curves arnund the western side of Lac Seu!. To the south
west this moraine merges with the Kaiashk Interlobate Mo
raine (Zoltai, 1965) , which was built in part between the 
ice lobes that produced the Hartman and Dog Lake 
Morai nes, but Zoltai has suggested that the northeastern 
end of the Kaiashk Moraine is a reconstructed end 
moraine of the Lac Seu! lobe. A retreat followed by a 
re-advance of the ice front, of at least 20 mi les, is indicated 
by overridden va rved clays in Lac Seu! area ( Zoltai, 
1965). Lac Seu! Moraine extends northwestward into 
Red Lake-Lansdowne House area (Prest, 1963) . On the 
southwestern side of Trout Lake it rises sharply some 270 
feet but on the distal side it slopes more gent ly to the 
southwest and displays many excellent beac hes and 
terraces of glacial Lake Agassiz. The moraine was 
produced beneath this Jake and only three small parts 
rem ai ned above lake level. To the northwest the moraine 
is lower and Jess distinct but a series of large, wave
modified ridges of sand and gravel, unlike adjacent 
reworked eskers, may be morainal and indicate the former 
position of the ice lobe. The end moraine appears to loop 
northward and then eastward towards Windigo Lakes 
where it is truncated by end moraines of the minor Windigo 
ice lobe. Jee-flow features and cskers also indicate the 
convex form of the Lac Seul ice front. The westward 
lobation of the ice sheet was probably a result of active 
calving into the dee p water of a Lake Agass iz embayment 
in the ice front (Fig . XII-16m). 

Following a short period of recession in western 
Ontario, a halt in retreat or minor re-advance of the ice 
sheet produced the Sioux Lookout Moraine on rel atively 
high ground west of Lake ipigon. To the northwest are 
sporadic De Geer moraines which delineate the ice-frontal 
posi tions during calving into Lake Agassiz. Following a 
retreat of at least 80 miles the northern part of the ice 
sheet halted to form the Whitewater Moraine, and an 
eastern lobe of 1hc ice re-advanced to form the Nipigon 
Moraine along west side of Nipigon bas in (Zoltai, 1965) . 
The writer believes that only the northern part of this 
end moraine system was built at this time (Fig. X II-16p) , 
the southern part being older. 

Greater activity of a northern component of the 
receding ice sheet rel ative to an eastern component gave 
rise to a series of recessional end moraines in Windigo 
Lakes area in northwestcrn Onta rio and to an interlobate 
moraine south of these lakes. 

The next major moraine system left by the fluctuating 
thou gh generally receding ice sheet in northwestern 
Ontario was the extensive and generally southcast-trending 
Agutua Moraine (Tyrrell, 1913 ; Prest, 1963) . A 25-mile 
re-advance is indicated by subtill lake clays along Otoskwin 
Rive r. The highest part of the morainal system is at a 
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major bend in Albany Ri ve r west of Miminiska Lakes 
where it rises 500 feet above the river. The Crescent 
Moraine system (Zoltai, 1965) north of Lake Nipigon is 
probably a correlative of Agutua Moraine. 

After construction of Agutua Moraine the no rthern 
ice sheet receded some 20 miles to the northeast before 
halti ng long enough to leave several short segments of 
end moraine on-line with belts of De Geer moraines. The 
eastern ice sheet at th is time appears to have th rust active ly 
forward-the Miminiska ice adva nce-and overrode parts 
of the Agutua Moraine in the vicinity of Alba ny River, 
and left a complex of end moraine segments, interlobate 
moraine, eske rs, and ice-flow features th at serve to 
delineate its form. To the southwest, in the vicinity of 
Ogaki Ri ver, this same ice advance appears to have con
structed the Nakina Moraines (Zolta i, 1965). 

The northern lobe, following a further retrea t of 
about 30 miles, halted to cons truct a moraine near Big 
Beaverhouse on Winisk Ri ve r. This mora ine trends north
wes tward from south of Wunnummin Lake to Little 
Sachigo Lake. The eastern lobe left little evidence of its 
ice-fronta l position ; it may have been responsible for short 
segments of moraine west of Lansdowne H ouse, and may 
have extended so uth-sou theas tward through Ogaki Lake. 
A short distance eastward from this lake the ice-flow 
features are masked or destroyed by the you nger Coch
rane ice advance from the north (see under Northern 
Ontario and Western Quebec). 

Glacial Lake A gassiz . Gl ac ial Lake Agassiz occupied 
large areas in Minnesota, North D akota, Saskatchewan, 
Manitoba, and Ontario as Laurentide Ice Sheet receded 
north of the Mississippi drainage divide. As the Jake 
expanded northward its southern limit contracted and , 
a lthough the tota l area covered by Lake Agassiz was mo re 
than 200,000 squa re miles, it was probably no more than 
about 80,000 miles in extent at any time (Elson, 1967). 

The history of glac ia l Lake Agassiz is, in part, intri
cately re lated to the period of ice-sheet reces ion from 
northwestern Ontario previously described . During thi s 
recession the outlets were contro lled by position of the 
ice front and by topography in no rthwestcrn On tar io . 
Many of the strandlines were formed as a result of the 
operation of eastern outlets that discharged into Nipigon 
basin and thence southward into Superio r basin. 

Though the existence of a former hu ge lake in the 
Red Rive r basin in th e United States was re cognized as 
ea rl y as 1822 and named in honour of Louis Agassiz in 
1879, the firs t com prehensive work was that of Upham 
( I 895) and late r th at of Leverett and Sardeson (Leverett, 
1932). Many have also contributed new information on 
the Canadian pa rt of the lake basin, part icul arly Johnston 
(1946) and E lson (1957, 1967) . Informat ion on eastern 
outlets discharging into glacial Lake Kelvin in Nipigon 
basin and the extent of Lake Agassiz in northwestern 
Ontario has resulted from field studies by Zoltai (1961, 
1963, 1965) and Prest ( 1963). Elson has established a 

multifold hi story of Lake Agassiz. He recognizes a seri~ 
of progressively lower lake levels related to successive 
operation of so uthern, northwestern, eastern, and northern 
outlets, with some rises in lake level due to ice-marginal 
fluctuations in the spi llway areas . H e has related strand
lines i11 the Red Ri ver basin to these various outlets . The 
writer has also attempted to restore the configuration of 
some Lake Agassiz phases relative to the eastern outlets 
using the rates of ti lt as determ ined by Johnston, the 
spill way positions and elevations given by Zoltai, his own 
data on lake levels and ice-margin positions in north
western Ontario, and recently available contoured topogra
phic maps. 

Lake Agassiz began to for m as Laurentide ice receded 
northward into the headwaters of Red River basin along 
the Minnesota-Dakota boundary, and it expa nded north
ward into Manitoba and northwestern Ontario bordering 
on both Keewat in and Labrador sectors of the ice sheet . 
Discharge was throu gh Lake Traverse at the south end of 
the Red Ri ver system into Minnesota River of the Missis
sippi River system. Lake Agassiz was lowered some 80 
to 90 feet as the outlet was eroded to a bedrock sill. The 
lowering was irregular, perhaps due to formation of 
boulder a rm aments along the sp ill way that we re periodi
cally removed by in crease in rate of discharge. Four 
lake phases, the H erman, No rcross, Tintah, and Campbell, 
and numerous minor inte rmed iate strandlines are recog
nized in sou thern Manitoba and northweste rn Ontario 
(Figs. XII-16d-f). 

Elson ( 1966, p. 92) has suggested that a lowerin g 
from and return to th e Norcross leve l was related to a 
short period of eastward discharge into Lake Superior via 
a D og Ri ver spill way route in northwestern Ontario (Figs. 
XII- l 6g, h) . The writer believes that this ea rly phase 
of discharge may acco un t fo r the first low water phase of 
Lake Agassiz perhaps about 12,000 years ago (Elson, 
1966, Fig. 6). Sandy peat from allu via l fill at about the 
Campbell level in Ass iniboine Ri ve r va ll ey and associated 
with a deepening lake was dated at 12,400 ± 420 years 
(Y-165). When an ice advance plugged the D og River 
outl et, di scharge was returned to the south . Lake levels 
rose to the Norcross leve l due to in- fi lling of the Lake 
Traverse outl et route in the interim. As this sediment was 
removed by erosion Lake Agassiz was lowered again to 
the Campbell level, controlled by the bedrock sill (Figs . 
XII- l 6i, j). The ice front at this time was at the H art
man and D og Lake Moraines which are considered to be 
of Valders age. 

When the ice-sheet margin again receded, the D og 
Lake spi llway was not re-opened; eastwa rd discharge was 
not possib le until the ice front receded n ortheastward 
beyond Sioux Lookout, whereupon the lake began to 
discharge into Nipigo11 basin (Fig. XII-l6k). Th is event 
occurred about 11,000 years ago. A re-advance of the ice 
front closed the eastern ou tlets, returned the lake level 
to the Campbell strandline, and built the Lac Seu! Moraine 
(Figs. XII-I 61, m). Retreat of the ice again uncovered 
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outlets into 1p1gon basi n with resulting lowered lake 
levels (Fig. XIl-l 6n). A re-advance of the ice to build 
the Sioux Lookout Moraine about 10,000 yea rs ago agai n 
closed the eastern outlets and raised Lake Agassiz to the 
Campbell level for the las t time (Fig. XII- l 60) . Ther;;!aftcr 
glacier retreat result ed in operation of ever-lower eastern 
outlets; a succession of prominent beac hes was built in 
parts of the Red Ri ve r basin. As the lake surface was 
lowered, more and more ground was exposed west of 
Nipigon bas in and spillways lengthened westward (Fig. 
XII-l6p). 

During operation of the lower eastern outlets the ice 
receded from the region northwest of Nip igon basin 
( Prest, 1963) and exposed a lower outlet route th at led 
so utheastward along th e ice marg in to the northern end 
of ipigon basin . As there was a majo r retreat of the 
northern ice front prior to the Agutua advance, low 
ground may have allowed discharge from Lake Agassiz 
southcastwa rcl into glacial Lake Barlow-Ojibway ; if so, 
the Agutua re-advance has obliterated all trace of these 
outlets. Some readjustm ents in the dra inage routes no 
doubt took pl ace as the ice front receded from Agutua 
Moraine, and the routes were deranged again as the ice 
advanced to the position of the N ak ina Moraines. At 
this time Lake Agassiz was confluent with glac ial Lake 
Nakina (Zoltai, 1965) and the outle t was into the northern 
encl of the Nipigon basin (Fig. XII-16r) . 

The retreat ing ice sheet remained in contact with 
Lake Agassiz until it receded from the position of the 
Big Beaverhouse Moraine. Discharge may have rem ained 
to the southeast, possibly into Barlow- Ojibway, as the 
moraine was built, but then changed to northward, prob
ably down Echoing Ri ver valley into Hudso n Bay Low
land. The drop in lake level occasioned by thi s event 
severed Lake Agassiz from the ice-marg ina l lakes remain
ing along the ice front on the Onta rio part of the Hudson 
Bay watershed (Fig . XII- I 6s). At a still late r date Lake 
Agassiz discharge was di ve rted to the Nelson Ri ver system 
and as the last confining ice melted the glacial lake ga ve 
place to early phases of Lakes Winnipeg, Winnipegos is, 
and M an itoba. 

Northern Ontario and Western Quebec 

Glacial Lake Barlow-Ojibwny. In northern Ontario, cast 
and northeas t of Lake Superior, glacier retreat was no rth
wa rd towards J ames Bay, and in the adjacent parts of 
western Quebec it was mainly northeastward towards 
central Quebec. Lake waters were ponded between the 
ice front and the height-of-l and (Figs. XII-l 6m-q). The 
manner by which this g reat lake remained at high leve ls 
:istride the Hudso n Bay-St. Lawrence d ra inage di vide 
area and discha rged southward along the valley of Lake 
Timiskaming has long been a subject of controversy. The 
outlet was plugged by a moraine some JO miles north of 
Temiscaming, Quebec, and it is likely that lake levels 
were stab ilized as a result of boulder concentrations in 
the spillways . New gradients and lake levels probably 

resulted from periodic isostatic adjustment. Progressive 
shallowing of the lake is indicated by sand horizons in 
the deposits of varved clay and by a greater rate of tilt 
on the highest strandlines in the southern part of the basin 
relative to those in the northern part. The writer deter
mined a r ate of tilt from the outlet to La rder Lake of 
about 4 feet per mile, and from La rder Lake to P!Jmondin 
Hill of 2.1 feet per mile . Hughes ( l 965) states that the 
m ax imum tilt of short segments of lower strandlines varies 
from 2.1 to 3.8 feet per mile and th at the max imum rate 
of tilt must be in excess of 3 .8 feet. The loca tion of the 
hinge-line has not been established but it is probably to 
the south of the outlet. It is possible that differential uplift 
of the northern pa rt of the bas in took pl ace a long a second 
hin ge-l ine in the Larder Lake-Noranda area. 

A plot of the m ax imum waterpl ane from Pl amondin 
Hill to Larder Lake indicates a minimum depth of water, 
over the presen t drain age divide nea r Noranda, of about 
300 feet. It is thus evident th at a combination of uplift 
and erosion of the outlet nea r Temiscaming must h ave 
lowered the !Jke by this amount before glacial Lake Ojib
way was confined to the north ; it then discharged from a 
point 15 miles west of Noranda (Fig. Xll- l 6r) sou thward 
into ancestral Lake Timiska ming. The drift plug at Tcmis
caming h as been channelled to a depth of over 350 feet; 
a small part of this no doubt occurred in post-Barlow
Ojibway times. 

Limited informatio n on max imum strandlin es east of 
M ala rtic , Quebec, indicates that lake leve ls had lowered 
appreciably before the Quebec highl ands glacier receded 
from th at part of the Lake Barlow-Oj ibway basin. A 
puzzling matter concerning Lake Ba rl ow-Ojibway is the 
sudden dcc:penin g of the lake, indicated by incrcas:: in 
varvc thickness an d decrease in second ary sand, in va rve 
year 1528 when the ice front was in the vicinity of Coch
rane ( Hughes, 1965). Perhaps discharge had been west
ward into Superior basin for some tim e prior to this varve 
year, whereupon a re-advance of th e ice front closed this 
outlet, deepened the lake, and returned discharged to 
Timiskamin g channel. This re-advance may correlate 
with formation of either the Crescent or the Nakina 
Mo raines. 

D uring retre at of the ice front no rthward from the 
H ea rst-Cochrane region a prolonged ha lt occurred in the 
vicinity of Fraserd ale, 60 miles north of Cochrane. A 
major east-west kame mora ine composed of sil t, sand, and 
some grave l was deposited in contact with the ponded 
waters on its so uth side (Boissonneau, 1966) . This 
moraine m ay correlate with interloba tc moraine west of 
Hea rst and north of Hornepayne. These deposits a re 
mai nly sand and gravel with an apprec iab le local content 
of limestone. All these moraines may correlate with the 
Nakin a Moraines (Zoltai, 1965) fart her northwcst; ind eed 
there a rc no other comparable pre-Cochrane moraines in 
northwestern Ontario. 

The lake in front of the moraine nea r Frascrdale is 
believed to have discha rged southward, via an outlet near 

CH. XII / QUATERNARY GEOLOGY OF CANADA 733 



Noranda, into Lake Timiskaming basin. Thi s drainage 
route is in accord with the Ba rlow-Ojibway isobase trends 
and an indicated lowering of lake level s by abou t 300 feet 
in Lake Abitibi region . When the ice retrea ted north of 
the kame moraine, however, di scha rge and complete drain
age must have been towa rd s Hudso n Bay, either la te rally 
or subglacially. Antevs ( 1925, p. 77), with rega rd to the 
immediate pre-Cochrane stage of Barlow- Ojibway, re
ported that disch arge into Hudson Bay took place across 
thin remnant ice in James Bay. Later ( 193 1) he thought 
that dra inage around the ice front to th e sea occurred in 
the vic inity of the mouths of H ayes and Nel so n Ri ve rs , 
Manitoba. The writer considers that the lake , here n amed 
glacial Lake Antevs ( Fig. XII-16s), may have drained 
northwestward along a line of weakness between a la rge 
mass of sem i-stagnant ice in northwcstem Ontario and 
a major glacier in James Bay and so uthe rn Hudson Bay, 
and discharged into the sea in the easternmost part of 
Manitoba. I t is assumed th at the sea had entered H udson 
Bay via Hudson Strait a nd then along the line of a so uth
wcst-trcnding bottom cha nnel in Hudso n Bay, a nd effec
tively seve red the K eewatin and Labrador sectors of t he 
Laurentide Ice Sheet at this tim e. 

Cochrane phase of recession. The next major event in the 
recessiona l history of the Laurentide Ice Sheet is the 
emplacement of the Cochrane till in Hudso n Bay Lowl and. 
Ice from Hudson Bay evidently moved so uthward more 
or less along the flank of the Shield (Cochrane I ); so me
what later there was a southwestward and so uthwa rd thru st 
from James Bay region (Cochrane JI ). The Cochrane 
ice front is seldom marked by end moraine. As pointed 
out by Hughes ( 1956) "The term 'Cochran e mora ine' . 
is misleading, and should be dropped in favour of 'Coch
rane till,' for the Cochrane till is a stratigrap hic unit recog
nizab le over a considerable a rea. " T he Cochrane limit is 
merel y a line beyond which Cochrane till has not been 
found. ·Beyond the till limit the Cochrane event is rep re
sented by a series of varved sediments (Connaught 
sequence) contai ning pebbles lithologically similar to those 
of the till, but contrasting sharply with pebbles in under
lying va rved sediments (Frederickhouse sequence) that 
comprise a la rge pa rt of Barlow-Ojibway deposits. Hughes 
reports count ing about 60 varves of Connaught seque nce 
in individual exposures. Max im um varve thickness is 
attained a t va rve 25, and this is considered to correlate 
with emplacement of the Cochrane til l farther north. The 
Connaught sequence also includes varved sed iments 
deposited in a shallow remn ant of glacial Lake Antevs 
during recess ion of the Cochrane ice. 

The typical Cochrane til l is a stone-poor, blue-grey 
clay till that rests on varved sedim ents. It takes on a ve ry 
pale pinkish tin t when weathered, and is a yellow-brown 
when oxidized. Being calcareous, it contrasts markedly 

with the older, sa nd y, and non-calcareous tills of the 
Timmins-Cochrane region (Hughes, 1965). The clayey 
character of the till is believed to be due m ainl y to th e 

incorporation of lake cl ays as the Cochrane ice advanced 
southward. 

Boisso nneau ( 1966) refers to an ice-front retreat of 
severa l miles to the north of the kame moraine near 
Fraserdale on Abitibi Ri ve r, prior to th e advance that 
depos ited a thin mantle of clayey till over parts of it. The 
writer has observed the Cochrane clay till overlying va rved 
sediments near Coral Rapids (364 feet elevation). The 
Cochrane till has been recognized as far north as the 
mouth of Little Abitibi Ri ver a t 200 feet elevat ion but 
in this area its clayey character is produced from o lder, 
dark grey clay and light buff limesto nes. The ice front, 
prior to the Cochrane advance, probably receded to the 
vicinity of Coral R apids where it impinged on a land sur
face at a present elevation of under 400 feet a.s.I. 

Recess ion of the ice she et down the Hudson Bay 
watershed from Timmins at 1,029 feet e levation to Coral 
Rap ids at 364 feet elevation, a distance of 110 miles. 
wou ld see m to indicate a lowering of th e ice-sheet su rface 
by about 600 feet. As the most southerly point where 
Cochrane till has been recognized is 12 miles north of 
Timmins at an elevation of about 960 feet, thi s wou ld 
seem to require a thickening of the ice sheet of some 500 
to 600 feet during the Cochrane advance. Such a 
thickening of the ice sheet is improbable at this late stage 
of dcglaciation especia ll y when marine water of the Tyrrell 
Sea (Lee, 1960) flooded much of Hudson Bay Lowland 
shortly thereafter ( l-GSC-14, 7875 = 200 yea rs). It is 
more probable th at the emplacement of Cochrane till is 
so mehow rel ated Lo th e incursion of the sea into Hudson 
Bay. The two m a in surges of ice, envisaged by the writer 
as respons ibl e for the Cochrane ice-flow features and 
emplacement of the clayey till evident on Map I 253A, arc 
shown in Figures X ll-1 6t, u . 

Nort/1em Quebec and Labrador 

The retreat of the last ice sheet in this region was 
mainly towards the higher terrain of the interior, and the 
pattern of ice-flew fea tures and cskcrs is general ly radial 
about an int er ior U-shaped area south and southwcst of 
Ungava Bay within which the last remnants of ice melted. 
Glacial lakes were not common but a few were extensive 
and long-li ved. 

R ecession fro111 Labrador and U11gav11 coasts . At the last 
glacial max imum the ice sheet in northern Labrador 
ex tend ed m ajor ton gues through cols in the Torngat 
Mountains, spread lateral ly in the coastal a reas, and calved 
into Labrador Sea a short distance off the present coast . 
The upper limit reached by these valley glaciers ha s been 
referred to as the Saglck leve l by J. T. Andrews an d the 
event itself to the Saglek Glaciation (Andrews, 1963; 
L<;"lken , 1962). The elevation of the trimlinc, which 
becomes lower to both the north and east, indicates the 
surface slope of the ice sheet which lay west of the Torn
gat Mountains. Farther south, in the coastal Kaumajet 
and Kiglapait Mountains which at one time were believed 
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to have remained unglaciated, errat ics on the higher peaks 
indicate ice flow fro m the west at some earlier glacial 
m ax imum . This was considered Wiscons in (Tomlinson, 
1959) but, in the light of J. T. Andrews work, is not 
likely Classical Wisconsin. Various leve ls of ice move
ments have been noted in coas tal Labrador by many 
workers but it is not always clear which observa tions are 
related to the last region al glaciation (D aly, 1902; 
Wheeler, 1958; Ives, 1958a, b, 1960a ; Tomlinson , 1959; 
Andrews, 1963). All agree that cirque glaciation in the 
coastal mountains was minor, thus supporting the concepts 
of Tanner ( J 944). Cirque development fol lowed the 
retreat of the ice sheet and probably also took place in 
the Little Ice Age. According to Tomlinson, many nuna
taks and a large st rip of continental shelf appeared as the 
ice sheet retrea ted from the coastal area, prior to trans
gression by the sea . 

Shells from Eclipse Channel near the northern encl 
of the Torn gat Mounta ins indicate that the sea encroached 
on t he northern Labrado r coast prior to 9,000 ± 200 
yea rs ago (L-642). The shell s were at an eleva tion of 
95 fee t in a region where L~ken has placed the marine 
limit at 185 feet. On the bas is of po llen ana lysis, Wenner 
( 194 7) placed cl eglaciat ion of the cent ra l Labrador coast 
prior to 10,000 years B.P. 

Torngat Mountains were mainly nunataks at the 
max imum of the las t major glaciation (Ives, 1958a; 1960a, 
Fig. 3), thou gh overridden during an earlier glaciation 
formerly considered maximum Wisconsin (Ives, 1957) . 
As the Labrador ice thinned and the supply of inl and ice 
was cut off at the cols, .the trunk glaciers in t he through
go ing mountain va ll eys stagnated. The mountains them
selves supp li ed littl e ice; some cirque glaciers formed, but 
seldom cut through the latera l moraines of the trunk 
glaciers. L~ken (I 960) has reported some late, mountain 
ice caps in the Abloviak Ri ver d rai nage bas in east of 
U ngava Bay and , on the nea rby Labrador coast, has noted 
features arou nd Ryans Bay indicative of a re-advance of 
valley glaciers late in the cl eglacial process. In Okak Bay 
area between the coastal Kaum ajet and Kiglapait 
Mountains, Tomlinson ( 1959) also fou nd evidence of a 
late stage re-adva nce that formed push moraines prior to 
the final wan ing of the ice sheet. Both there and farther 
south Wheeler ( 19 5 8) and J. T . Andrews noted high
level lateral moraines formed when the ice front lay east 
of the present coast, and also prominent younger moraines 
believed to represe nt a late glacial re-advance. These east
ward re-advances across t he low, southern Torngat 
Mountains may indicate that in the region south of the 
Torngat the Labrador ice was less restricted than to the 
north and fl owed rea dily towards the coast. During retreat 
it mainta ined an active ice front but, as a result of a rapid 
thinning, did not form moraines. 

Glacial lakes. As the ice sheet thinned west of Tomgat 
Mountains, the eastern outlet glaciers retreated and left 
numerous la \eral and encl mora ines a long the Labrador 

coas t. Later the ice margin receded west of the drainage 
divide and meltwaters were ponded in two of the major 
stream valleys east of Unga va Bay ( Ives, 1958b, 1960a; 
Lf<'lken, 1962). At the same time, fa rther south the ice 
sheet receded across the pl ateau between Torngat Moun
ta ins a nd George Rive r basin. Disco rd ance between the 
clrumlinoicl and esker trends may indicate that recession 
of the ice sheet was not along the same pat h as the flow 
during the earlier advances (Matthew, 196 1). 

In the Geo rge Ri ve r drain age basin the meltwaters 
were ponded to for m numerous high-l evel, ephemeral 
lakes, fo ll owed by the long-continued glacial Lake Nas
kaupi (I ves, 1960b). Several majo r stands of this lake 
are recogni zed . The remarkably well developed shorelines 
of glacial Lake Naskaupi II are related to discharge cl own 
Koraluk (fo rmerly Kogaluk) R iver to Labrado r Sea. 
Other discharge ro utes are via the Fraser, H arp, and 
K anairiktok Ri ve rs and via the George Ri ve r- Lake Michi
kamau col but their respecti ve lake phases have not been 
determined. At its maxi mum development, glac ial Lake 
Naskaupi was about 200 miles long and 30 mil es wide, 
occupying the entire Geo rge Rive r basi n except for the 
ice-clammed northern encl. The co rrelative glac ial Lake 
McLean (Ives, l 960b) fom1ecl in the upper part of Whale 
Rive r bas in immediately west of George Ri ver, and di s
charged at its southeas tern encl into N askaupi II . It was 
abo ut 70 mil es long and 30 mil es wide , and was con
fined on both northwestern and southwestern sides by t he 
ice sheet. The strancllines of these lakes are tilted up 
towards the southwest and the Labraclorean centre (Barnet t 
and Peterson, J 964). 

The deve lopment of the Naskaupi and Mclean 
strancl lines, wh ich are cut in bed rock in pl aces, required 
a long stand of each of the severa l lake phases. This 
requires rock-controlled sills at the ou tl ets, and an active 
confining ice barrier in U ngava Bay (Ives, l960b) . The 
esker and ice-flow pattern south of U ngava Bay appear 
to be in acco rd with the concept of an Ungava Bay ice 
dome, but most evidence as to the sense of glac ier move
ment south of the bay indicates northward rather than 
southward flow with recession of the ice sheet towards 
the interior (Matthew, 196 1). No rthward flow would 
appear to be a natural consequence of incu rs ion of the sea 
into Ungava Bay. Within George Ri ve r basin itself 
M atthew noted that certain ice-flow features indicate 
westwa rd flo w where only eastward fl ow might be ex
pected because of the ice-clam med lakes . Thus there has 
been considerab le controversy over the position of the ice 
divide. The writer considers that three periods of ice
clivicle or ice-dome migration are needed to sat isfy the 
fie ld data and the fo ll owing glacial histo ry is suggested : 
( i) an early north-trend ing ice di vide must have been 
present within George Ri ve r bas in (Map 1253A) to 
account for westward ice-flow fe atures within the basi n; 
( ii ) as Ungava Bay and the lowland to the so uth fill ed 
with ice the ice divide shifted westwa rd ; ( iii) eas tward 
ice flow was maintained in George River basin during 
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the early stages of deglaciation but did not remove all 
evidence of the earlier westward movement; (iv) with 
the incursion of the sea into Ungava Bay a major re
arrangement of the ice flowage resulted; (v) a short
lived ice divide probably then lay a short distance west 
of glacial Lakes Naskaupi and McLean, trending slightly 
east of north; ( vi) ice flow was everywhere towards 
Ungava Bay, rapid southward recession of the ice divide 
followed, and the glacial lakes drained northward; (vii) 
the ice divide then lay south of Ungava Bay and no 
longer had a north-trending extension; subsequent changes 
in position took place in the interior as recession con
tinued. 

As the ice sheet thinned due to climatic ameliora
tion, glacier retreat from northern New Quebec, west of 
Ungava Bay, followed as a natural consequence of the 
opening of Ungava Bay and Hudson Strait. Ice dispersion 
was outward towards the coast. As the ice sheet thinned 
and receded over the height-of-land near the coast, 
meltwater was ponded along the ice front southwest 
of Hudson Strait. The highest lake at about 1,800 feet 
elevation was ponded in the headwaters of Povungni
tuk River and drained eastward into Joy Bay (Ives, 
l 960a). As the ice margin receded south westward down 
Povungnituk River valley it became concave to the north
east, and successive lower lake phases discharged north-

ward to Hudson Strait and eastward to Ungava Bay 
(Map 1253A). Maximum lake levels were at about 1,500, 
1,200, and 1,000 feet a.s. I. and several systems of deep 
spillway channels occur. Data available do not warrant 
conclusions regarding the direction or amount of post
glacial uplift. Matthews ( J 962) outlined small lakes 
along the ice front south of Cape Wolstenholme. These 
presumably drained westward or southwestward and were 
somewhat younger than at least part of the above
mentioned larger lake system. 

R ecession from Hudson Bay Coast. As Labrador ice 
receded inland from northern Hudson Bay it calved 
actively into the sea, and between Cape Wolstenholme 
and Port Harrison left a magnificent series of De Geer 
moraines; these preserve the lobate form of the ice front 
in most valleys along the coast. These coastal moraines 
may correlate with a simi lar belt of De Geer moraines 
well inland from east coast of James Bay. The lack of 
De Geer moraines in the coastal belt cast of Ja mes Bay 
may indicate that the ice was too thick for their forma
tion at the time the sea encroached on the region; east of 
Richmond Gulf, the near absence of De Geer ridges is 
more likely due to thin ice rel ative to the dcrth of the sea. 

Recession to the interior. Inland from the area of marine 
overlap, ice recession left the usual pattern of eskers and 

PLATE Xll-8. Fluted ribbed moraine south of Ungava Bay, Quebec. Ice flowed northward. Photo suggests close temporal association between 
ribbing and fluting . Vertical airphoto; scale l inch to l mile. 
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PLATE Xll-9. Ice-marginal and subglacial meltwater channels, Mushalagan River, Central Quebec. The ice receded northward . Series of small 

meltwater channe ls formed subglacially or in much crevassed ice; the larger channels are considered ice-marginal channels. Stereoscopic 

pair; scale 1 inch to 3,330 feet. 

ice-flow features characteristic of the Canadian Shield. 
Ribbed moraine is prevalent in many places associated 
with other ice-flow features and with eskers (Pl. XII-8). 
Final recession was probably to a number of scattered 
centres or ice divides in the interior of northern Quebec 
peripheral to Ungava Bay (Henderson, 1959b; Ives, 1960c; 
Derbyshire, 1962). One of the last remnant bodies of 
ice was in Howells valley west of Schefferville where 
there was much shifting of the late centres of outflow, 
with topography in control of the final ice movements. 
Late ice remnants were also present in Knob Lake de
pression and in the Lac le Fer-Swampy Lake depression. 
Sub glacial and submarginal meltwatcr channels (Pl. XII-9) 
were the most effective forms of drainage in the final 
dispersal areas (f ves, 1959). Derbyshire believed that 
subglacial channels were first controlled by ice thickness 
and differential hydrostatic pressure, but as the remnant 
glaciers thinned they became much crevassed and water
logged and t he topography directly controlled the sub
glacial drainage. 

From the pattern of ice-flow features and cskers 
(Map l 253A) it is clear that there was no major final 
dispersal centre, but rather a complex shifting of centres 
in response to changing climate. The Schefferville region, 
howeve r, was a major centre of dispersal. This is indicated 

by the presence of various sets of striae in the region and 
by the directions of differential isostatic uplift dete rmined 
from glacial lakes to the south, cast, and northeast of this 
area (Barnett and Peterson, 1964). 

A radiocarbon date on gyttja beneath peat in Chi
bougamau district, Quebec, indicates that pond deposits 
were formed as early as 6,960 ± 90 years B.P. Pollen 
extends through the uppermost 3 feet of silty clay of 
the glacia l lake deposit. It is therefore likely that the 
ice front had receded from this area prior to about 7 ,500 
years ago. Bog bottom dates from Grand Falls, H amil
ton River (Morrison, 1963) and from near north end of 
Ashuanipi Lake, I 00 miles to the west-southwcst (Gray
son, 1956) ra nge from 5,250 ± 800 to 5,575 ± 250 
years B.P. Jn all these sequences palynological evidence 
indicates a time gap between the base of the peat and 
the underlying glacia l deposits. The dates indicate the 
initial development of widespread peat deposits and not 
the time of deglaciation of the area. This region was 
probably de glaciated prior to 7 ,OOO years ago. A radio
carbon dating on a composite peat sample from near the 
base of a peat bog near M arymac Lake, 170 miles north
northwest of Schefferville, indicates that lake deposits 
had given place to peat prior to 6,400 ± 900 years ago. 
Grayson estim ated the start of bog formation as closer. 
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to 8,000 than 7,000 years ago. Deglacia tion of this area 
between 8,000 and 7,500 years ago is in keeping with 
incursion of the sea into Ungava Bay about 9,000 years 
B.P. and into Hudson Bay by 8,000 years B.P. 

Keewatin Sector, Laurentide Ice Sheet 

The Keewatin secto r of the Laurentide Ice Sheet, 
or simply Keewatin ice sheet, is that part of the con
tinental ice sheet which left a pattern of transverse 
morainal elements and longitudinal ice-flow feat ures and 
eskers as it receded towards the Keewatin Ice Divide, 
an elongate area northwest of Hudson Bay. It covered 
the whole of western Canada east of the Cordillera, and 
an adjoi ning part of the north-central United States, 
except for a few sma ll areas near its terminus nea r the 
International Boundary where the ice sheet was relatively 
thin. It also covered some of the arcti c coastal isl ands 
and the southern side of Melville Island. At its max imum 
it was in contact with Cordi lleran ice on the west, and 
Arctic, Baffin, and Labrador ice on the north and east. 
Tyrrell ( 1897) states that the name K eewatin is derived 
from Cree Indian meaning north or north wind and he 
used the term as applied to the ice sheet which he be
lieved had its "gathering ground" northwest of Hudson 
Bay, in District of Keewatin, Northwest Territories. 
He was awa re of t he difficulty of establi shing a glacier 
in this inland region of low altitude but nevertheless 
env isaged an act ive and shifting centre of o utflow operat
ing over a long period of time. The term Keewatin Ice 
Divide is now applied to a linear zone, almost 500 mil es 
long, lying northwest of Hudson Bay, around which eske rs 
and ice-flow features are arranged in a roughly radial 
pattern. It represents "the zone occupied by the last 
glaci al remnants rather than a cent re of ice dispersal" 
(Lee, et al., 1957). 

Keewati n Ice Divide is an area of few eskers and 
flow features as compared to adjacent areas (Lee, 1959). 
Those present indicate that the area of late ice dispersal 

migrated westward during the last stages of activity, the 
result of marine transgression into Hudson Bay. Thus, in 
many places, ice-flow feaitures that were formed by ice 
moving in opposing directions merge against or into one 
another. The origin and initial development of Keewatin 
ice, however, remains conjectural. 

Southern Interior Plains 

The thickness of glacial drift on the Prairies varies 
grea tly, probably averag ing around 200 feeit and locally 
is known to be more than l ,OOO feet. Its general character 
is different from that of glacial drift in eastern Canada . 
The Prairies include great tracts of hummocky drift 
(Pls. Xl I- 10, 11) that in places show transverse ridging 
(Prest, 1968). These features appea r to reflect the clayey 
naiture of the Prairie tills which have been derived from 
dominantly shale strata, and some of which contain much 
montmo rillonite. Major end mo ra ines per se are relatively 
uncommon and largely a matter of interpretation . M any 
of the great dri ft ridges forme rly regarded as end moraines 
of southwestward-moving glaciers are now considered to 
be drift-mantled bedrock ridges, and for the most part 
mark margi nal rather th an end positions of lobate ice 
fronts. Furthermore, there has been much thrust ing and 
fo lding of bedrock by glacier pressures, including induced 
pore-pressure (Slater, 1927; Byers, 1960; Kupsch, 1962) 
which have made it generall y difficult and commonly im
possible to differenti ate between recessional drift ridges 
and ice~thrust ridges mantled with drift (Prest, 1968). 
Both types arc included under the transve rse ridge symbol 
on the glacial map (Map 1253A). Great blocks of bed
rock, some perhaps measurable in mil es, are underlain 
by till along Oldman Ri ver in southern Alberta (Stalker, 
1963). L. A. Bayrock reports simil ar masses east of 
Edmonton. Sheets of bedrock rest ing on and capped 
by till have been encountered in drilling in Saskatchewan, 
acco rd ing to E. A. Christiansen. Whitaker ( 1965) reports 
similar occurrences in southern Saskatchewan and also 
refe rs to very large masses of stratified drift that occur as 

PLATE Xll-10 
Hummocky disintegration moraine 
near Cypress Hills, Saskatchewan. 
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PLATE Xll -11. Hummocky disintegration moraine east of Lake Johnstone, southern Saskatchewan. Occurs on western side of ice-thrust moraine of 
the Coteau moraine complex; local relief is about 80 feet. Town of Crestwynde in upper right corner. Vertical airphoto; scale 1 inch 
to 1,320 feet. 

erratics and presumably were frozen when moved. The 
obvious thrusting action involved in the emplacement of 
ice-thrust ridges and discrete sheet-like erratics between 
tills, coupled with the sli ding of debris in hummocky 
disintegration moraine and consequent inversions of topog
raphy, militate against easy de velopment of a late glacial 
chronology for the Interior Plains. At present it is diffi
cult to document an orderly general pattern of ice retreat 
despite the large amount of work done. 

lee-flow directions. On the southern Interior Plains the 
ice-flow and recessional moraine patterns indicate former 
glacial movements towards the southwest, south, and 
southcast. Local topographic fe atures were instrumentaJ 
in directing the late phases of glacier flow. It is also 
evident that the regional northwcst trend of bedrock and 
the regional slope to the northeast have played important 
roles in deflecting the southwcst flow from the Shield, 
towards the south and southeast. Southwest-trending ice
flow features in some relatively high areas on the Plains 
may be rel ated to movements of a southwestward expand
ing ice sheet, but it is more likely that these features are 
related to south and southeastward moving glaciers which 
locally overtopped the valleys containing them. Shield 
stones indicative of a distant sou rce are present along the 
length of the Rocky Mountain Foothills, but their proven-

anee has not been determined. At the Wisconsin glacial 
maximum Keewatin ice was in contact with Cordillcran 
ice, or overlapped ground vacated by this ice, along the 
entire length of the Foothills in Alberta, except for a 
small area in the Porcupine Hills of southwestern Alberta 
(Douglas, 1950). 

In Manitoba the ice-flow pattern indicates that 
regional glacier movements were to the southeast. Cre
taceous rocks from the west side of Red River valley, 
near the Inter!iational Boundary, were transported more 
than 40() miles across Paleozoic and Precambrian terrain 
and incorporated in till of the Grantsburg sublobe east of 
Minneapolis, acco rdin g to H. E. Wright, Jr. (Univ. 
Minnesota). This indicates long-continued ice flow 
paraliel to the presumed retreat flow pattern. Glacier 
retreat was mainly towards the northwest, but near Lake 
Winnipeg basin the influence of the Labrador ice has 
complicated the ice flow and the age relationships between 
various patterns have not been established. Along the 
Manitoba escarpment, the prominent hills and va lleys 
brought about lobations of the late ice fronts and 
hence locally the ice receded towards the east and north
east. 

Jn southern and centra l Saskatchewan the ice-flow 
patterns are exceptionally intricate and the order of late-
glacial movements varies greatly from one area to another 
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(Parizek, J 964; Christiansen, l 965). There appears to 
be a regional recession of the ice sheet towards the north
northcast. The major ice-frontal positions, however, may 
only reflect thinning of the ice sheet and a lowering down 
the regional northeast slope while the ice flow remained 
essentially south and southeast alo ng the slope. The 
longitudinal and transverse glacial lineaments appear to 
indicate this general trend but with many varia tions due 
to local topographic effects. 

Jn southern Alberta the glacial features clearly 
indicate a predominant south to southcast trend. Kcewatin 
ice must have flowed southward for an extended period 
for Cordilkran ice from Athabasca Rive r valley merged 
with it and cmpiantcd immense blocks of pebbly quartzite 
upon it; these were transported southward as far as 
Montana (Sta lker, J 956; Mountjoy, l 958). These errat ics 
were distributed alo ng a path genera ll y onl y a few miles 
wide and more than 400 miles long. They comprise the 
Foothills erratics train (Pl. XII-12). A. MacS. Stalker 
believes that this train of erratics represents the limit or 
near-limit of the C lassica l Wisconsin ice sheet. The group 
of quartzite blocks at Okotoks, Alberta, arc considered 
to be parts of a fo rmer single block that weighed about 
18,000 tons. 

Regional ice recession was to the northwcst parallel 
to the regional structure, with minor recessional shifts 
to the north an d northeast occasioned by local high 
ground and by northeast-trending va ll eys . In northern 
Alberta the direction of ice recession gradually shifted to 
the northeast towards the Shield and hence the ice-marginal 
positions and moraines trend northwcst. There were, how
ever, many lobations and variations in glacier movements 
during the period of recession that are now revealed by 
a complex pattern of ice-flow features. 

Glacial lakes. Meltwatcr was commonly ponded along 
the receding ice margins, but other than glacial Lake 
Agassiz, already discussed, the lakes were generally 
ephemeral with poorly marked shorelines. The bottom 
deposits are generally thin but in some areas are thick 

PLATE Xll-12 

Blocks of pebbly quartzite of erratics 
train from Athabasca Valley glacier, 
Clareshalm, Alberta . The depres
sions around the boulders are mainly 
due ta buffalo wallowing . The 
largest boulder, now broken in three 
pieces, measured about 50x13x4 
feet. 

enough to completely mask hummocky terrain. Where 
thick lake sediments were deposited prior to the melting 
of buried ice blocks a hummocky terrain formed which 
closely resembles th at of disintegration or dead-ice 
moraine. 

In southern Saskatchewan, the ice front along the 
upper part of Qu'Appelle Ri ver ponded mcltwatcr on its 
south side to form glacia l Lake Regina (Jo hnston and 
Wickendcn, J 930: Christiansen, l 96 1). This lake at 
the J ,900 to 1,950 feet level discharged southeastward via 
the Souris River system into Mississippi River. As ice 
recession continued into north-central Saskatchewan, the 
Qu'Appellc River valley served as a spi llway for a series 
of lakes ponded in the Saskatchewan River valleys, dis
cha rging into glac ial Lake Agassiz. These lakes received 
meltwatcr from the ice fro nt and from glac ial lakes as 
far northw;:st as the Rocky Mountains of cast-central 
Alberta. As ice recession continued , the upper reaches 
of Assiniboinc Ri ver in eastern Saskatchewan then served 
as a spillway into the Agassiz basin. The precise relation
ship of the va rious lake stages in Saskatchewan Ri ver 
valley with the glacial lakes in Alberta or with glac ial 
Lake Agassiz have not been established. 

In southern Alberta glacia l lakes were numerous but 
sma ll ; mcltwaters readily escaped to the southeast . Glacial 
lakes were more extens ive in northern Alberta whe re the 
ice front plugged the major ri ve r valleys that trend north
cast, and latera l discharge was difficult. Glacial Lake 
Edmonton occupi ed part of the North Saskatchewan 
Rive r valley near Edmonton and at one stage extended 
into the Athabasca Ri ve r va ll ey (Gravenor and Bayrock, 
J 956; and Taylor, 1958). D epos its in the w;:stern end of 
the basin occur at altitudes up to 3,400 feet, but south
east of Edmonton lie below 2,500 feet. Discharge was to 
the southeast, at first into Red River and later into Batt le 
River and the Qu'Appelle Valley to Lake Agassiz. A 
succession of lakes in Smoky River and Little Smoky River 
valleys west of Athabasca River a re described by H ender
son ( 1959a) and St. Onge ( 1966). The highest lake 

740 CLASSICAL WISCONSIN AND POSTGLACIAL EVENTS 



phase at 2,800 feet elevation is known as glacial Lake 
Rycroft. It extended west and northwest along the convex 
ice front into Peace River valley. Discharge was via the 
Pass Creek spillway from the southeastern end of the 
lake across a low divide at the head of Iosegun River into 
the Athabasca and presumably into a low stage of Lake 
Edmonton. St. Onge ( 1966) reports a radiocarbon date 
on shells pertaining to glacial Lake Rycroft of 12,190 
± 350 years (GSC-508). 

By the time the ice front had receded so that dis
charge could take place into Lesser Slave Lake basin, 
the ice-marginal lake in the Smoky River valleys had 
lowered some 800 feet but remained in the Peace River 
valley and occupied a somewhat larger area than did 
Lake Rycroft. This phase is known as glacial Lake 
Pahler. It discharged eastward over a sill 10 miles west 
of High Prairie at an altitude well below 2,000 feet 
(Henderson, J 959a) into a lake in the Lesser Slave basin 
that was confluent with water ponded in the Athabasca 
River valley. These waters discharged across a sill east of 
Lac La Biche, at an altitude of 1,850 feet, and thence 
flowed via Saskatchewan Ri ver to glacial Lake Agassiz. 
The succession of lakes in Peace River valley, including 
Rycroft, Pahler, and lower levels were termed glacial 
Lake Peace by Taylor (1958) and Mathews (1963). 

The Lake P ahler phase came to an end when the 
ice front had retreated about 150 miles down Peace River 
valley and thereby opened lower discharge outlets that 
led to the Arctic Ocean. According to Henderson 
(l 959a), the Lake Pahler basin above the town of Peace 
River was drained prior to a re-advance of the ice sheet 
that returned the lake to its former level with discharge 
eastward to Lesser Slave Lake basin. Retreat of the ice 
sheet again resulted in a drainage reversal. Numerous 
spillways led westward from Peace River va ll ey to Fort 
Nelson River in British Columbia, permitting northward 
discharge via Liard and Mackenzie Rivers. Glacial Lake 
Peace was lowered by a succession of outlets at about 
J ,800, 1,500, and J ,200 feet. Further ice retreat all owed 
discharge northward along Hay River into the Mackenzie. 
This lake phase would appear to correlate with a high 
level phase of glacial Lake Tyrrell (Taylor, 1958). As 
the ice sheet receded northeastward and eastward in 
northern Alberta, this lake expanded into the Lake Atha
basca basin and the lower reaches of A1habasca River. 
When the Slave River valley became ice-free, glacial Lake 
Tyrrell merged with glacial Lake McConnell which dis
charged to Mackenzie River from the western end of 
Great Slave Lake (Craig, J 965a). 

Northern Interior Plains and Mainland Arctic Plain 

The character and thickness of drift in the northern 
Interior Plains vary greatly. Craig reports that the till, 
in the region west of Great Slave Lake, is silty to clayey 
and stony. Drumlinoid forms are locally very abundant; 
some of those west of Great Slave Lake are up to 100 
feet high and displ ay surface furrowing with a relief 

of 10 to 15 feet. Hummocky and kame moraines are 
limited but north of Great Bear Lake hummocky moraine 
is widespread and there are many end moraines. Mackay 
( 1958) states that the till in Darnley Bay area is rich in 
silt and clay due to prevalence of carbonate rocks. Eskers, 
though not abundant, are dispersed widely over the north
ern plains . 

Craig reports drift depths up to 380 feet in the area 
west of Great Slave Lake and up to 150 feet in river 
bank sections along Mackenzie River, p arallel to the 
mountain front, but the bedrock is not exposed . Drill
holes east of lnuvik on lower Mackenzie River indicate 
a maximum drift thickness of 230 feet. The drift is 
probably very thick in the moraines north of Great Bear 
Lake. Ice-thrust features are common along the Arctic 
coast (Mackay, 1963). 

At the climax of the last or Classical Wisconsin 
Glaciation, the Keewatin ice west of Great Slave 
Lake does not appear to have made contact with the 
Cordilleran Glacier Complex although it reached the 
mountains west of lower Liard River. There was, rather, 
a mainly unglaciated zone sepa rati ng them along the 
mountain front that was 10 to 30 miles wide and almost 
200 miles long extending north from the British Columbia 
boundary; this zone did, howeve r, contain some valley 
glaciers. Another zone, slightly larger, occurs west of 
Great Bear Lake where the Keewatin ice flowed north
westward along the mountain front. These mainly un
oJaciatcd areas have been little studied but there is geo
~10rphological evidence along the eastern mountain front 
that the last ice sheet did not reach as high as an earlier 
ice sheet. Keewat in ice extended as elongate lobes into 
some of the valleys along the eastern sides of the un
glaciated areas and reached altitudes of above 4,500 feet. 
These two relatively unglaciated areas may be joined by a 
similar narrow st rip or corridor to the large unglaciated 
region in northwestem Yukon and Alaska. 

Ice-flow directions. West of Great Slave Lake the last ice 
sheet appears to have met the mountains at almost right 
angles, but farther north it was deflected parallel to the 
mountain front and Mackenzie River valley . It also 
moved parallel to the mountain front over most of the 
Plains east of Mackenzie River. As the ice sheet thinned 
and the ice front receded into the Great Slave Lake basin 
active flow there remained westward with the result that 
late ice-flow features cut across the trend of some earlier 
formed features parallel to the regional trend. This late ice 
was forced to flow around H orn Plateau west of Great 
Slave Lake and the ice front was, therefo re, deeply in
dented. Elsewhere between Great Slave and Great Bear 
Lakes a complex pattern of ice-flow features discernible on 
airphotos suggests some differences in regional flow 
coupled with local Iobations due to topography as deglacia
tion took place. With continued eastward recession towards 
the Shield the ice front straightened 'along the length of 
the Plains escarpment, some 20 to 30 miles west of the 
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Canadian Shield edge. Segments of end moraine and some 
minor moraine occur near Lac la Martre (Craig, 1965a). 
Craig suggests that this ice front extended southward to 
Great Slave Lake and beyond. Morainal features, dis
cernible on airphotos of the region north of Lac la M artre, 
are suggestive of a continuation of the same 'straightened' 
ice front. 

Keewatin ice did not extend beyond the present 
Mackenzie Delta except west of the river mouth. West 
of Peel River, the last ice sheet was not so extensive as 
an earlier ice sheet (Hughes, 1965) , but it did extend 
west along Arctic Coastal Plain as far as Kay Point. 
Much information on the Pleistocene deposits and history 
of Mackenzie Delta area is given in a comprehensive 
report by Mackay ( 1963) . 

Between Mackenzie and Anderson Rive rs ice-flow 
features trend north along the strike of the Paleozoic rocks 
but south of Eskimo Lakes trend northeastward; the reason 
for this deflection is not known. Mackay ( 1963) con
siders the morainic topography on the north side of 
Eskimo Lakes, in a belt 5 to J 0 mil es wide, as the 
terminal zone of a major ice sheet. H e also noted smaller 
end moraines in the Campbell-Sitidgi Lakes area east of 
Inuvik, and also ice-flow features that trend north-northeast 
and northwest. He also suggested that the northeastem 
end of the Tuktoyaktuk Peninsula, which separates the 
Beaufo rt Sea from Eskimo Lakes and Liverpool Bay, 
mi ght be ungl acia ted and that the limit of the last major 
ice sheet lay more or less along the middle of the peninsula. 
Fyles (I 967a), however, suggests that the limit of the last 
ice sheet may have lain along the length of the south side 
of Tuktoyaktuk Peninsula, and that it m ay not have 
r.:::ached the northern part of Cape Bathurst. 

In general, ice retreat north of Great Bear Lake 
was towards the southwest, parallel the strike of both 
Proterozo ic and Paleozoic rocks. The complex pattern 
of ice-flow features, however, indicates that durin g the 
late stages of degl aciation the ice margin was highly 
lobate. Near the Arctic coast the late ice-frontal loba
tions were further complicated by Amundsen Gulf lobe 
(Mackay, 1958). The interplay of this ice lobe with 
that nnrth of Great Bear Lake, and of local draw-down 
effects in vicinity of Great Bear Lake basin are described 
by Craig (1960 ) . 

Glacial lakes. As Keewatin ice receded from the 
northern Interior Plains meltwaters occupied the major 
depressions of Great Bear and Great Slave Lakes, and 
flowed northward down Mackenzie River. When the 
ice front lay along the edge of the Canadian Shield a 
vast lake extended from Great Bea r Lake basin south
ward through Great Slave Lake bas in to the lower Atha
basca and Peace River valleys. Craig ( 1965a) has named 
this confluent lake phase glacial Lake McConnell. As 
isostatic uplift drained the lake to lower levels it separated 
into smaller lakes ancestral to the present Great Bear and 
Great Slave Lakes. In the latter lake basin strandlines 

are warped upward to the east. Craig suggests a minimum 
uplift rate of about 2 feet per mile in Great Slave Lake 
basin based on the presence of a delta at 500 feet eleva
tion at Fort Simpson and of strandlines up to about 925 
feet near the Canadian Shield edge. Great Bear Lake 
became separated from Great Slave Lake when the water 
levels fell below about 750 feet, the elevation of the 
present drainage divide between them. 

Pingos and ground ice. Postglacial features of great in
terest in the lower part of Mackenzie Deita and in Eskimo 
Lakes-Liverpool Bay region are the pingos or conical 
ice-cored hills (Porsild, 1938). Mackay (1962, 1963) 
states that the pingos are elliptical to oval, 100 to 2,000 
feet across, 10 to 150 feet high and generally asymmetrical. 
They occur in former lake basins or drainage channel 
depressions. The ice cores are believed to roughly conform 
to the shape of the pingo but perhaps have steeper slopes, 
and to bottom close to the surrounding ground level. 
The ice is overlain by a mantle of sand capped by vegetal 
matter, and is underl ain by sand similar to that of the 
surrounding depression areas. The tops of the pingos 
are frequently breached or broken. Pingos with diameters 
of more than about 600 feet do not stand as high as the 
smaller ones, and those with the greatest base are merely 
bulge-like swellings in the lake basin sediments. Pingos 
result from a squeezing process as permafrost encroaches 
upon unfrozen saturated sands beneath what were formerly 
relatively large and deep lakes. They may exist for 
hundreds to thousa nds of yea rs . 

Great lenses of ground ice also constitute important 
elements of the landfo rms of this northern region accord
ing to Mackay. Fyles ( 1966) stresses the difficulties of 
stratigrap hic ana lyses where such ice wedges are prevalent. 

A retie Lowlands 

This part of the Arctic Archipelago lies between 
the mainl and and the Queen ELizabeth Isl ands and includes 
the northern lim it of Laurentide Ice Sheet. The drift 
generally reflects the variable character of the under
lyin g Proterozoic and Paleozoic bedrocks. 

Large morainal belts with fresh glacial landforms 
characterize an easte rn part of Banks Island and are 
related to the C lassica l Wisconsin Gl aciation (Fyles, 
1962). Drift is varied and genera lly heaped into steep
sided hill s but in places occurs as broad, smooth, hills 
and ridges, with intervening gentle depressions. Relief is 
several hundred feet. Marine beaches are locally well 
developed. 

The last continental ice shee t reached the south coast 
of Melville Island perhaps as recent ly as about I J ,OOO 
years ago, and was responsible for the Winter H arbour 
Moraine (Fyles, 1967b). The mo ra ine is composed of 
bouldery drift and stratified deposits and comprises a belt 
of hill y and ridged topography 50 miles long and averag ing 
2 miles wide. It is less extensive than a former glaciation. 
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PLATE XI 1-13. Drumlin belt, Stefansson Island, Northwest Territories. 

Fyles ( 1963a) reports that the drift on Victoria Isl and 
characteristically has a light coloured matrix of slightly 
sticky, dense, loam or sandy loam. Numerous and exceed
ingly variable linear landforms are built of glacial debris or 
glacially deformed strata. These belts include landforms 
that are generally ascribed to end, kame, and hummocky 
moraine. The moraine ridges range from major features 
several hundred feet high, traceable more or less continu
ously for tens of miles, to miniature forms only a few feet 
high and a mile or so long. The complexities 'and inter
relations of these great areas of hummocky and ridged 
moraine make it difficult to delineate end moraines per se. 
The drift is generally a few tens of feet to more than 100 
feet thick and locally exceeds 500 feet. Drumlinized forms 
are characte ristic of most lowland areas (Pl. XII-13) 
and there the drift is only a few tens of feet thick with 
bedrock protruding in some places. Eskers are numerous 
in the low-lying eastern and southern parts of Victoria 
Island, but they are few and short elsewhere; the longest 
is 120 miles. The eskers are usually less than 150 feet high 
but some knots at the junction of two or more esker
tributaries are several hundred feet high. Most consist of 
sand and gravel but some have material similar to that of 
the moraines. 

An end moraine ridge and kame hills occur on north
western Prince of Wales Island forming a linear zone of 
thick drift (Craig, 1964a). Eskers are rare on Prince of 
Wales and Somerset Islands and on Boothia Peninsula but 

View to the west. Ice flowed northward into Vi scou nt Melville Sound. 

are numerous on King William Island. They generally 
parallel the ice-flow direction, but on Prince of Wales 
Island some are transverse. Karnes are striking features of 
central Boothia Peninsula (a Canadian Shield promontory 
within the Arctic Lowlands) and western Prince of Wales 
Island . They occur as broad zones that appear to be ice 
frontal and also as individu:il hills and groups of hills and 
ridges. They range from a few tens to about 200 feet 
high, and arc rarely as much as 400 feet above the general 
ground level. Glacial landforms are uncommon on the 
northern parts of Prince of Wales Island and especially so 
on Somerset Island. These Paleozoic uplands are monoto
nously featureless but a thin layer of silty, rubbly glacial 
till occurs in many places, and some ground moraine topog
raphy, isolated kamcs, and meltwatcr channels arc present. 

lee-flow directions. Ice-flow features and transverse 
morainal elements in the Arctic Lowlands are very com
plex, but nevertheless the maximum extent of the Wis
consin ice sheet can be delineated in a general way. ·The 
Amundsen Gulf ice lobe crossed Darnley Peninsula and 
reached the eastern side of Franklin Bay but does not 
appear to have crossed Cape Bathurst. It glaciated at least 
part of southern Banks Island and the east coast of Banks 
Island (Craig and Fyles, 1960). J . G. Fyles believes it 
may have extended westward along M'Clure Strait to the 
western end of Banks Island. Keewatin ice reached some 
distance inland on southern Melville Island, and fart her 

CH. XII / QUATERNARY GEOLOGY OF CANADA 743 



east crossed Somerset Island and Boothia Peninsula (Fraser, 
1957; Craig, 1964a). The ice sheet, at the glacial maxi
mum, probably flowed northwesterly and northerly across 
Prince of Wales and Somerset Islands but later as it thinned 
and receded the deep channels between the islands in
fluenced the ice flow. On southern Prince of Wales Island 
the last ice flow was eastward across the north-trending 
drumlin fields left by the earlier regional flow. A late ice 
lobe in Peel Sound may account for easterly trending stri ae 
on the west side of Somerset Island. Northwest- and north
east-trending drumlin fields occur on parts of King William 
Island. Craig (1964a) believes that the last ice movements 
over King William Island and Boothia Peninsula were 
northeastward. 

On Victoria Island the regional flow was westward 
and northwestward but successive changes of late flow 
occurred as the ice sheet thinned (Fyles, 1963a ). In 
places diverse drumlinoid trends occur side by side or are 
superimposed one upon the other. Flow directions are also 
controlled by relatively minor topographical features, 
suggesting that the ice sheet was lobate and thin. As the 
ice thinned, it withdrew from the higher parts of western 
Victoria Island, retreating to the southeast. Active ice 
tongues, fed by the main ice sheet to the south and east, 
remained in the depressions now occupied by the various 
arms of the sea. The moraines of western Victoria Island 

are lateral to these ice tongues. In the east-central lowland 
the ice probably flowed northwesterly in the early stages of 
wastage but with continued wastage, which took place 
progressively from west to east and north to south, the 
ice covering the lowland became thinner, and the direction 
of ice flow was deflected to an ever increasing degree by 
minor topographic irregularities. Glacier lobes in the low 
areas produced fan-sh aped areas of ice-flow features trend
ing northward and southwestward. 

In the southeastern part of the island the morainal 
ridges are smaller, lower, and shorter, compared to the 
great morainal complexes of the western parts. This 
part of the island was the last to be deglaciated. Strongly 
flowing ice from the mainland constituting the receding 
Amundsen Gulf lobe passed down Bathurst Inlet and 
crossed Coronation Gulf, building a fan-shaped drumlin 
field across the southwestern end of the island. Apparently 
the last ice on the island covered the low ground bordering 
the east and southeast coasts while ice tongues still occupied 
M'Clintock Channel and Queen Maud Gulf (Fyles., 1963a). 

Western Canadian Shield 

In Canadian Shield areas west and north of Hudson 
Bay the character of the drift and the glacial features 
themselves are rather unlike those of the plains and low
lands. The till matrix is generally silty to sandy and lacks 

PLATE Xll-14. Esker complex west of Ennadai Lake, Northwest Territories. Meltwater flowed southward. The large esker 'knot' is the south 
end of a system that is more or less continuous northeastward for about 60 miles to Kazan River. Vertical airphoto; scale 1 
inch to 3,300 feet. 
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cohesive properties. The western part of the Shield is 
commonly mantled with drift in the form of ground 
moraine and ribbed moraine, which has a somewhat hum
mocky appearance but is unlike the hummocky terrain of 
the disintegration or dead-ice moraine of the plains. Eskers 
are widespread and numerous ; they include the simple, 
sinuous ridges and the great complex multipl e systems with 
widths of a mile or more (Pl. XTI-14). The cskers and 
the rem arkably continuous belts of drumlins, drumlinoid 
features, and glacial flutings delineate ice-flow directions 
during recess ion of Keewatin ice. End moraines are not 
common, but where present are clear linear features trans
verse to the ice-flow direction. Relief is commonly several 
tens of fee t to about a hundred feet but locally kames, 
csker knots, and morai ne knobs stand several hundred feet 
above the surrounding terrain. 

lee-flow directions. As Keewatin ice receded from the 
southern Interior Plains onto the Shield the ice front 
appears to have formed subparallel to the Shield edge and 
ice flow was rou ghly radial to this boundary. A halt in 
northern Saskatchewan is marked by the Cree Lake 
Moraine (Sproule, 1939 ; Tremblay, 1961 a, b). It has 
been traced by means of airphotos northwestward to the 
western end of Lake Athabasca and eastward into Manitoba 
for about 500 miles. It varies from an end moraine
outwash complex to a single discrete ridge or a series of 
minor ridges. Thereafter, retreat towards Keewatin Ice 
Divide appears to have been uninterrupted by other major 
halts or re-advances. 

In the Great Slave and Great Bear Lakes region 
recession was also continuous and no major end moraines 
were formed. The most significant result of this long 
period of retreat was the development of a marked dis
cordance in the pattern of eskers and ice-flow features 
between two major ice lobes, a discontinuity that persisted 
as the ice sheet receded towards Keewatin Ice Divide 
(Fyles, 1955; Craig, 1957; Craig and Fyles, 1960; Blake, 
1963; and Craig, 1964b) . The discontinuity in the general 
radial pattern of flow features suggests that two distinct 
major glacier lobes formed during recession of the ice 
sheet. The break in flow pattern may readily be traced 
from the west side of Dubawnt Lake west-northwest to a 
point north of Aylmer Lake, and then curving northward 
past Contwoyto Lake to Coronation Gulf and beyond. 
To the north and east the flow features lie at a sharp angle 
to this 'break', whereas to the south and west they tend to 
be parallel or diverge only slightly from it. The line of 
demarcation is also revealed by a complex esker system 
between Dubawnt and Aylmer Lakes which lies a few miles 
south of the break. This csker continues for about 225 
miles and except near the western end all tributary eskers 
lie only on the south side. Beyond Aylmer Lake a series 
of closely spaced eskers mark the continuation of the esker 
system towards Great Bear Lake (Craig, 1964b). 

Craig and Fyles ( 1960) suggest that topographic 
control was responsible for developing the discontinuity. 

South and west of the break the ice was covering higher 
ground, moving slowly and stagnating locally, whereas 
the ice on the lower ground north of it was actively flow
ing. Blake ( 1963) also invokes a diffe rence in activity be
tween two lobes to account for the discontinuity northeast 
of Contwoyto Lake. Craig indicates that some northward
trending eskers north of it were overrun nearly at right 
angles by the last-formed lobe of the northern glacier. 
Southwest- and south-tr~nding drumlinoid ridges west of 
Dubawn t Lake on the north side of the discontinuity are 
at right angles to the trend of ice-flow features on either 
side. These fe atures are in part parallel to older striae 
recorded by Tyrrell ( 1897), but Craig considers them 
rel ated to lobation within the northern part of the ice sheet 
as it receded towards Keewatin Ice Divide. 

Ice retreat from the region north and east of the 
discontinuity was marked by the formation of end 
moraines. Two of the moraines, each about 25 miles long, 
lie east-northeast of Contwoyto Lake and trend slightly 
west of north. The westernmost moraine, with a maximum 
relief of nearly 400 feet, lies close to the discontinuity and 
apparently represents the terminal position of ice moving 
southwest (Blake, 1963). The eastern moraine is a re
cessional moraine. Several segments of east-west trending 
end moraine are evident southwest of Queen Maud Gulf. 
A prominent moraine extends northeastward from Back 
River, at the 106th meridian, to MacAlpine Lake for a 
total, including breaks, of more than 200 miles. This 
moraine varies from a few tens of feet to 4 miles wide, 
and from 10 to 250 feet high. The ice front apparently 
curved eastward to Chantrey Inlet (Blake, 1963; Craig, 
1961) and was responsible for two more segments of end 
moraine some 60 and 25 miles long. Many segments of 
end moraine that may correlate with that west of Chantrey 
Inlet extend eastward to Committee Bay for another 225 
miles. In this latter area, however, there are several dis
cordant segments and correlation of ice-frontal positions is 
uncertai n. Correlation with end moraines farther eas1, 
beyond the sphere of influence of Kcewatin ice, is even 
more tenuous . A younger end moraine of the northern 
lobe of Keewatin ice also extends northeastward from 
Back River at the 106th meridian for a distance of 100 
miles . 

The position of the extension of the ice fronts south 
of the discontinuity are uncertain, but according to Craig 
( 1964b, Fig. 7) there may be a significant jog eastward. 
Direct correlation of moraines across the discontinuity has 
yet to be established. 

Glacial lakes. As Keewatin ice receded eastward across 
the Shield the east and northeast drainage systems became 
ice free and meltwaters were ponded to form several ex
tensive glacial lakes (Map 1253A). A large lake occupied 
the Lake Athabasca basin and spilled northward over the 
rock sill in Slave River at an altitude of 700 feet (Craig, 
1965a). 

Somewhat ea rlier a glacial lake formed behind the 
Cree Lake Moraine in the Cree Lake and Pipestone (Cree) 
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River valley, the strandlines lying at about 1,800 feet. It 
may have drained southward through a break in the 
moraine and then discharged westward down the deep 
Clearwater River channel to Athabasca River valley. There 
is, however, an outlet channel from the southwestern end 
of the glacial lake basin, through which discharge took 
place into a lake in Richardson River valley at an elevation 
of about 1,400 feet; this was probably an eastern part of 
glacial Lake Tyrrell. As the ice front retreated northeast 
down Pipestone River the glacial lake in that valley dis
charged laterally to Lake Athabasca basin and successively 
lower levels were established. When the receding ice 
fronts cleared the eastern end of Lake Athabasca basin 
the two water systems merged at about 1,000 feet elevation. 
During this interval of retreat, a glacial lake formed in the 
Wollaston Lake basin at a maximum altitude of about 
1,600 feet and discharged southeastward into Reindeer 
Lake basin. Later, lower outlets to Pipestone River valley 
were estab lished. Reindeer Lake basin was occupied by 
meltwater when the ice front receded from the moraine 
at its south end. The outlet through the moraine was at 
about 1,200 feet a.s.l. and led directly into glacial Lake 
Agassiz lying south of the moraine. 

Extensive glacial lakes also formed in Northwest Ter
ritories. Craig ( 1964b) found ev idence of short-lived 
glacial lakes in the Artillery Lake-Lockhart River basin , 

east of Great Slave Lake. Beaches occur up to about 
1,300 feet around Clinton and Holden Lakes. As the 
major southern lobe of Keewatin ice receded eastward 
from this area water was ponded in the headwaters of the 
northeast-sloping Thelon and Dubawnt Rivers drainage 
systems. The highest lake phases were about 1,250 feet 
and discharge was probably southward. Lower lake levels 
resulted as the ice receded ·eastward. Retreat of the major 
northern lobe of Keewatin ice allowed the water in the 
Thelon basin to discharge northward to the Back River 
system and lake levels were established at about 800 and 
700 feet. At about this time Hyper-Dubawnt was at an 
altitude of 900 feet. The above lake phases are figured 
and described by Craig. 

South of Dubawnt Lake, glacia l Lake Kazan (Lee, 
1959) occupied part of Kazan River and Ennadai, Kasba, 
and other lake basins. It drained eastward towards South 
Henik Lake and thence presumably into the sea in Hudson 
Bay. The strandlines around Ennadai Lake ( 1,070 feet 
elevation) are at an altitude of 1,260 feet (Pl. XII-15). 
Later, as the ice melted from Keewatin Ice Divide the lake 
discharged via Kazan River. 

Marine overlap. At the same time as some of the above
mentioned lakes were present the sea was encroaching 
along the centra l-north coast (as early as 10,200 years 

PLATE Xll-15. Fluted and kettled ice-contact deposits with raised beaches and frost polygons, Ennadai Lake, Northwest Territories . Ice-contact 
deposits, 50 miles west of south end Keewatin Ice Divide, were fluted by an ice advance and later terraced and channelled by 
meltwater. Glacial Lake Kazan washed the lower slopes of the deposits. Some of the buried ice melted during and after the glacial 
lake phase. Stereoscopic pair; scale 1 inch to 3, 100 feet. 
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B.P., Craig and Fyles, 1960). The sea was also in contact 
with a part of the ice front as the end moraine was formed 
at MacAlpine Lake only 8,200 years ago. By means of 
radiocarbon dating of shells from close to marine limit, 
Blake (1963) has estimated that the ice retreated about 
175 miles from Kent Peninsula to MacAlpine Lake in 
about 1 ,OOO years. Retreat towards Keewatin Ice Divide 
was also rapid, for the sea had encroached from Hudson 
Bay to near its maximum limit in the divide area by 7,200 
years B.P. (Lee, 1960) . It is clear also that isostatic 
rebound was rapid during this period of retreat for there 
is a general decrease in elevation of the marine limit with 
proximity to the divide. The rate of land emergence has 
decreased exponentially to the present (Lee, 1960; Craig, 
1961). For the Bathurst Inlet area, Blake (1963) sug
gested an average rate of 1.5 feet per century over the past 
2,000 years and probably less at present. 

The marine limit west of Hudson Bay appears to 
decrease from south to north; it is about 650 feet in north
ern Manitoba, only 480 feet at K aminuriak Lake, and 400 
feet at Wager Bay. Along the Arctic coast the marine limit 
is greater, being over 650 feet west of Committee Bay and 
decreasing westward to 500 feet at Chantrey Inlet. It then 
increases westward to 750 feet at the southern end of 
Bathurst Inlet and drops off rapidly northwestward to 200 
feet in Darnley Bay. The marine limit is not synchronous 
everywhere and it is probable that more than one centre of 
postglacial uplift has been active in this vast region. 

Foxe-Baffin Glacier Complex 

The glacial and deglacial history of Baffin Island is 
rather complex as a consequence of its physiography, lati
tude, and climate; it involved a major sector of Laurentide 
Ice Sheet, several local ice caps, and cirque and valley 
glaciers . The events in some parts of the present land areas 
were unlike those in others even where contiguous. On 
Meta Incognita (formerly Kinga it) Peninsula, along the 
south coast of Frobisher Bay, Mercer (1956) found that 
unmodified cirques were common near the end of the 
peninsula. Along the central part of the bay the cirques 
showed evidence of later modification by ice from the 
interior, but towards the head of the bay they were absent 
entirely because that region was covered by interior ice 
prior to the interval of cirque glaciation. He also showed 
that cirque glaciers did not form anywhere along Frobisher 
Bay shore in late Wisconsin time as the interior ice receded . 
He considered that the interval of cirque formation was 
long and that it occurred during the Wisconsin. Bird 
( 1963), however, favours development during an inter
glacial period. Some cirque glaciation, however, did take 
place in the mountainous terrain along the coast north of 
Cumberland Sound in late Wisconsin time. Thus despite 
sound field observation in several areas, any attempt to 
generalize for the entire island must be made with caution . 

It is generally agreed that there was an ice dome over 

Foxe Basin at some stage during the last major glaciation 
but there are two views concerning its age: ( l ) that it 
existed ,at about the time of the last glacial maximum ; and 
(2) that it only existed during a later stage of dcglaciation. 
In either, the ice dome was concomitant with many local 
ice caps as well as cirque and valley glac iers along the east
ern and northern highland areas (Ives and Andrews, 1963 ; 
Bird , 1963; Andrews and Sim, 1964; Falconer, et al. , 1965 ; 
Andrews, 1966). The rel ationships between the Foxe Basin 
ice dome and other sectors of Laurentide Ice Sheet are not 
well known. The writer considers that the ice dome was a 
dispersal centre for a substantial part of Classical Wisconsin 
time. It was probably confluent with Keewatin and 
Labrador sectors of Laurentide ice on the west, southwest, 
and south during a large part of the Wisconsin but main
tained its own sphere of influence throughout. Ice from 
the local ice caps on Brodeur and Borden Peninsul as, 
together with huge valley glaciers flowing northward along 
Admiralty and N avy Board Inlets, probably merged with 
ice from Devon Ice Cap in Lancaster Sound at the last 
glacial maximum. 

Glaciation 

It was formerly held that initiation of glaciers on Baff in 
Island took place in the eastern mountain rim and that 
migration of the ice towards the interior resulted in pied
mont gl aciers that later expanded into ice caps and then 
merged to form an ice sheet. As the mountain rim is the 
eroded eastern edge of a westerly tilted upl and it is unlikely 
that the mountain glaciers could contribute materially to 
the formation of the interior ice sheet; rather the ice 
probably accumulated on the larger central tract of the 
upland surface. As the westward slope of the upl and is 
gentle and its valleys shallow, the ice must have flowed 
westward over a broad front, presumably as a plateau ice 
cap which gradually expanded and its margin moved pro
gressively westward (Mercer, 1956; Ives and Andrews, 
1963). Gl acierization resulted from depression of the 
snowline below the level of the uplands as the Wisconsin 
climatic regimen changed. Rapid, large-scale development 
of the ice cap on the uplands starved the smaller glaciers 
in the coastal mountains so that the mountain ice caps and 
glaciers were never much more extensive than they are to
day. Perhaps the Penny Ice Cap is an exception. Penny 
Highl ands are a remnant of a dissected older upland higher 
than the main Baffin surface (Bird, 1959). J. D . Ives 
believes that, because of its proximity to Labrador Sea and 
the moisture-laden winds moving up Davis Strait, Penny 
Highlands may have developed an extensive ice cap earlier 
than other parts of Baffin Island. 

The early-formed interior Baffin Island ice caps pre
sumably merged into an ice sheet which expanded differen
tially westward and fed ice into Foxe Basin. Glacierization 
of Melville Peninsula may have contributed castward
flowing ice to Foxe Basin, and Laurentide ice may have 
flowed northward into the bas in, though there is no evi
dence of these events. Laurentide ice, however, must 
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have prevented or hindered early southward ice flow from 
Foxe Basin which therefore filled and later became a dis
persal -area (Ives and Andrews, 1963, Fig. 19). An ice 
dome over Foxe Basin is indicated by the tilting of marine 
strandlines in central Baffin Island towards the basin 
(Andrews, 1966). Analysis of carbonate content of drift 
in many places around Foxe Basin indicates outward flow 
from the basin (Andrews and Sim, 1964) though sporadic 
distribution of Precambrian crystalline limestone in central 
Baffin Island is a possible source of some carbonate. 
Blake (1966) did not find Paleozoic erratics or any in
crease in carbonate content of drift east of Amadjuak Lake 
in southeastern Baffin Island. There is, however, good 
evidence of early radial flow from Foxe Basin across the 
narrow central part of Baffin Island (Ives, 1962, 1964; 
Ives and Andrews, 1963; Andrews, 1963). There the ice 
sheet reached elevations of over 3,000 feet and escaped 
eastward through major valleys in the mountain rim and 
onto the continental foreland . Paleozoic erratics found 
north of Barnes Ice Cap were probably transported north
castward from Foxe Basin and survived through the later 
short period of outflow from proto-Barnes Ice Cap (Ives 
and Andrews, 1963, Fig. 22). 

Foxe Basin ice also flowed eastward across Baffin 
Island through low ground to Cumberland Sound and 
probably southeastward to Frobisher Bay. It flowed 
southward across Foxe Peninsula and possibly also across 
part of Southampton Island (Bird, 1953). Strong and 
probably long-continued westward flow took place across 
Melville Peninsula where the bedrock is strongly scoured 
and roches moutonnees are common (Blackadar, 1958; 
Sim, 1960a; Craig, 1965b). There is no direct evidence 
of northward flow out of Foxe Basin but it may perhaps 
be inferred from evidence of northeast ice movements east 
of Steensby Inlet. It is of course possible that substantial 
ice caps on northern Baffin Island inhibited or prevented 
northward flow during the Wisconsin Glaciation. 

At the glacial maximum some local ice caps occupied 
parts of the eastern and northern 'mountain' belt and also 
Brodeur and Borden Peninsulas, and may have prevented 
the incursion of interior ice to adjacent parts of the higher 
ground, and protected parts of the coastal foreland from 
the ravages of glaciers issuing along the fiords. Thus small 
parts of the eastern coastal lowland as well as some 
nunataks remained unglaciated at the last glacial maximum 
(L~ken, 1966). 

Deglaciation 

Following the last glacial maximum, the Clyde phase 
of Ives and Andrews ( 1963), there was a period of glacier 
thinning and ice-marginal recession. This was followed by 
still-stands and short re-advances comprising the Cockburn 
phase of glaciation. The Cockburn Moraine System of 
end and lateral moraines marks the eastern ice-frontal posi
tions of the interior ice sheet. In northeastern Baffin 
Island the outermost end moraines of the system lie on 
the high interfiord mountain fl an ks and descend into the 

fiords as lateral moraines ; the inner moraines lie mainly 
on the upland plateau (Falconer, et al., 1965). The ice 
was 1,500 to 2,000 feet thick in the heads of the fiords at 
this stage. Radiocarbon datings on shells from close to 
the marine limit established upon withdrawal of the ice 
from the coastal areas suggest that some of the eastern 
moraines formed about 8,200 years ago. The marine limit 
varies from about 220 feet elevation at some fiord heads 
to about 50 feet at the outer coast. The inner moraines 
on the plateau must be somewhat younger. Blake (1966) 
reported that a major end moraine in southeastern Baffin 
Island, believed a part of the Cockburn Moraine System, 
was forming for several hundred years after 8,200 years 
B.P. and suggested that a major end moraine on Foxe 
Peninsula was another correlative moraine. The Cockburn 
Moraines extend across northern Baffin Island and along 
the west side of Melville Peninsula (Falconer, et al., 1965). 
Parts of this moraine in northern and northwestcrn Baffin 
Island may have formed somewhat earlier, perhaps as 
much as 9,000 years ago. The Cockburn Moraine System 
therefore appears to occupy a range in time from about 
9,000 years to less than 8,000 years ago. This must have 
been a period of waning ice and consequent rapid change 
in ice-dome configuration. According to J. T. Andrews 
the cast coast mountain glaciers were less extensive during 
the Cockburn phase of glaciation than they are at present. 
The Penny Ice Cap and several other major bodies were 
separated from the interior ice during this period. 

Following the Cockburn phase of glaciation, the Foxe 
Bas in ice dome underwent rapid disintegration and the sea 
invaded Foxe Basin about 7,500 to 7,000 years ago. The 
centre of ice dispersal was thus shifted northeastward onto 
Baffin Island causing ice flow towards Foxe Basin, whereas 
it had earlier been away from the basin. On the north
eastern side of Baffin Island the ice margin receded west 
of the drainage divide and glacial lakes formed. Along the 
western side of central Baffin Island glaciers now occupied 
the fiords and inner bays. Marine overlap left strandlines 
ranging from about 350 feet near the coast to 100 feet 
farther inland, while glaciers in the valleys remained in 
contact with the sea. An end moraine in lower Jsortoq 
River valley is associated with a sea level coincident with 
the marine limit (Andrews, 1966). Andrews equated the 
marine limit 'still-stand' with an increase in ice load on 
Baffin Island and a concomitant reduction in isostatic re
covery. He named this period of thickening ice and 
moraine formation the Iso rtoq phase of glaciation. It 
would appear to correspond with the proto-Barnes Ice Cap 
phase of glaciation (Ives and Andrews, 1963, Fig. 22). 
Radiocarbon dates indicate that it occurred less than 7,000 
but more than 5,500 years B.P. Andrews found that the 
marine limit was about 230 feet elevation some 15 miles 
from the mouth of Isortoq River and about 300 feet at 
the mouth, indicating a differential upwarp in direction 
S35 °W towards the centre of Foxe Basin, at a rate of 
about 5.3 feet per mile. 

The ice receded from Foxe Basin coast west of Net-
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tilling and Amadjuak Lakes by 6,700 years B.P. and the 
marine limit was established west of these lakes at about 
350 feet. Ice apparently remained in Amadjuak Lake 
basin during the Isortoq phase of glaciation; it was gone 
before 4,500 years B.P., and possibly as early as 5,500 B.P. 

As the proto-Barnes Ice Cap shrank, glacial lakes re
mained along its northeastern side and continued to dis
charge into Baffin Bay. Glacial lakes were ponded in 
the middle Isortoq River valley, north and northwest of 
Barnes Ice Cap, during the period from about 5,000 to 
2,000 years ago. As recently as 1,000 years ago a minor 
expansion of the ice cap blocked the river again and gave 
rise to another glacial lake, which drained in relatively 
r.::ccnt times as the ice cap assumed its present position, 
size, and shape. The southwcstcrn edge of the present 
ice cap with recent end and marginal moraines is shown 
in Plate XII-16. The east coast mountain glaciers are 
believed to have expanded in the last 2,000 years, reach
ing their maxima in the last few centuries (Harrison, 
1964). Within the last 200 to 400 years a large part of 
the interior uplands was covered with thin ice and snow
fields, but this has successively melted off until today only 
2 per cent is covered, exclusive of Barnes Ice Cap (Ives, 
1962). Falconer (1966) showed that in northern Baffin 
Island a small ice cap of about 3 square miles and never 
more than about 200 feet thick, developed as recently as 

300 years ago in an area of patterned ground first de
glaciated about I ,OOO years ago. This small ice cap was 
inactive and served to protect the underlying polygonal 
structures and their vegetal cover-now emerging as the 
ice recedes. Deglaciation is still in progress and hence 
the term postglacial is inappropriate on Baffin Island. 

In northernmost Baffin Island, Craig ( 1965b) reports 
that the glacial landforms and nearly all the surficial de
posits arc due to the last or Classical Wisconsin Glaciation. 
There is, however, a dearth of glacial landforms par
ticularly on the Paleozoic rocks of Jones-Lancaster Plateau. 
Erratics are present throughout the region but are scarce 
on the northern part of central Brodeur Peninsula. Linear 
morainal zones with a hummocky surface and poorly 
defined higher ridges occur in a few places and although 
some mark terminal positions others afford littl e evidence 
of the position and movement of the ice that formed them. 
The most extensive linear zone is along south side of 
Bernier-Bcrlinguet Inlet, where it has been traced for 90 
miles and in places rises 200 feet above adjacent land. The 
glacier appears to have moved westward and expanded 
radially. On the north side of the inlet there is also evi
dence of later ice flow from an ice cap to the north
northeast. Glaciers may have flowed eastward into 
Admiralty Inlet and northward along the inlet accord ing to 
Craig. Also glaciers may have flowed westward off Bylot 

PLATE Xll-16. Barnes Ice Cap with recent marginal and end moraines, Baffin Island, Northwest Territories. Vertical airphoto of upper reaches 
MacDonald River, southwest side Barnes Ice Cap. Scale 1 inch to 4,700 feel. 
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Island. Large areas of hummocky moraine are found in 
northern Baffin. These seldom afford any evidence of 
former ice positions or movement but along the west side 
of Brodeur Peninsula were probably formed by glaciers 
from the plateau. Radiocarbon dates on marine shells 
from raised beaches in northernmost Baffin Island indicate 
that maximum marine overlap occurred between about 
9,000 and 7,000 years B.P. 

As the above events were taking place on Baffin 
Island a somewhat comparable sequence of events occurred 
on Melville Peninsula (Sim, 1960; Ives and Andrews, 
1963 ; Falconer, et al., 1965; Craig, 1965b). Following 
the period of regional northwest ice movements over the 
peninsula, probably during both the Clyde and Cockburn 
phases, there was extensive thinning of the glacier com
plex and later incursion of the sea into western Foxe 
Basin. Sim reports flooding of the east coast of Melville 
Peninsula to about 500 feet a.s.l., and Craig reported 
marine overlap of the southeast coast to 485 feet. An ice 
cap probably occupied most of interior Melville Peninsula 
before breaking up into two or three local ice caps. Radial 
outflow was probably maintained by the larger southern 
body. In the centre of the peninsula a myriad of melt
water channels indicate a former small ice cap, and farther 
northeast eskers suggest a southeasterly flow of meltwater 
from another ice remnant (Sim, 1960; Craig, 1965b) . 

Deglacial events in northern Southampton Island, 
which may have been covered in part by Foxe-Baffin 
Glacier Complex, are little known. Bird, however, reports 
a late ice cap in the central part of northeast coast from 
which radial flow took place. 

Queen Elizabeth Islands Glacier Complex 

A.t present ice fields and valley glaciers are common 
features of the higher eastern part of the Queen Elizabeth 
Islands and small ice caps occur on Meighen and Melville 
Islands. Not all are remnants of the former more extensive 
ice complex; some have developed in recent times. Rela
tively fresh glacial features are generally lacking, possibly 
due to the inactive character of the cold arctic glaciers as 
compared to temperate-climate glaciers, but mainly to the 
character of the bedrock and to intense solifluction pro
cesses (Fyles and Craig, 1965). At its maximum develop
ment the glacier complex probably occupied the entire 
archipelago except for the coastal part of southern Melville 
Island which was covered by the Laurentide Ice Sheet. 
Active ice flow in the western part of the archipelago was 
largely restricted to the channels between the islands. 
Present data on ice-flow directions and on marine over
lap suggest that the ice was thicker over the eastern and 
southern parts of the archipelago and that recession was 
towards these regions; perhaps the glacier complex prefer
entially developed adjacent to the Greenland and Lauren
tide Ice Sheets. Final recession and wastage may have 
taken place on the individual islands. Blake (1964) con-

siders that some parts of Bathurst Island were deglaciated 
by 10,000 years B.P. and that extensive areas were ice free 
by 9,000 years B.P. 

Prince Patrick Island. Glacial striations and other features 
at the head end of Mould Bay were formed by ice moving 
southward from the interior of the island (Tozer and 
Thorsteinsson, 1964). These features are attributed to 
the action of a small local ice cap, presumably of Wisconsin 
age, that developed subsequent to the establishment of the 
main drainage system. Mould Bay and the adjacent inlets 
were deepened and scoured. J. G. Fyles has noted 
boulders at the southwestern end of the island that were 
transported from the east and probably indicate a westward 
channelling of ice flow from Prince Patrick and Melville 
Islands. He also has noted that marine overlap is greater 
on the eastern side of the isl and, suggestive of thicker ice 
eastward. 

Mel ville Island. Tozer and Thorsteinsson ( 1964) have 
concluded that the many fiord-like inlets in western Mel
ville Island were probably originally stream-cut valleys that 
have been scoured by ice from a local ice cap. They also 
noted many glaciated valleys in interior western Melville 
Island. J. G. Fyles found erratics on both northern arms 
of the island that were far north of their outcrop area 
and presumably were deposited during the last regional 
glaciation. The present glaciers on western Melville Island 
are not remnants of the Wisconsin ice cap, for they occur 
in areas with youthful, little modified, postglacial ravines. 
The ice caps are probably less than 200 feet thick. 

The maximum marine overlap is on the eastern side of 
the island, the highest raised shore features lying at 235 
feet elevation (Henoch, 1964). Shells from the highest 
deposits were dated at 9,075 ±275 years (I-730) and 
more from 175 feet of elevation were dated at 8,275 ± 320 
years (I-GSC-21). The marine limit appears to decrease 
westward as no evidence of marine overlap was noted in 
western Melville Island. Henoch suggests that the de
pression of the east coast was produced by an ice cap 
centred near Sabine Peninsula, whereas depression of the 
south coast was caused by Laurentide ice. 

Bathurst Island. The Queen Elizabeth Islands Glacier 
Complex occupied the whole of Bathurst Island and ap
parently restricted the northward expansion of Laurentide 
ice. Blake ( 1964, 1965) found abundant meltwater 
channels, patches of drift with ice-flow features, some dead
ice topography, rare striations, wave-modified esker and 
end moraine remnants, and other data indicative of former 
glacier cover. The ice may have been thicker over the 
northern end of the isl and than the southern as marine 
limit is about 450 feet in the north, only about 350 feet 
in the western and southwestern parts, and is rarely more 
than 300 feet along the east-central and southeast coasts. 
Recession appears to have been towards a remnant glacier 
in the interior of the island. Ice flowed northward off 
the island and may have reached Lougheed Island for 
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Fyles (1965) has noted erratics of rock types found on 
Bathurst Island. Marine overlap on Lougheed Island 
reaches an altitude of 300 feet. Shells from 25 to 100 
feet above sea level were dated at 8,200 ± 180 years 
(l-GSC-24). 

Cornwallis Island. According to Thorsteinsson (1958) the 
island was glaciated at least once. Striae at Resolute Bay 
on the south coast and Read Bay on the east coast in
dicated ice flow from an island ice cap. U-shaped valleys 
and other evidence of glacial scour in eastern coastal areas 
also indicated ice flow from the island . A series of rock 
basin lakes associated with roches moutonnees some 12 
miles inland from Read Bay indicates northward ice flow. 
As glacial erratics of both igneous and metamorphic rocks 
occur in many places at elevations above the marine limit 
it is probable that Laurentide ice reached the isl and prior 
to the ice-cap stage but the age of this event is not known. 
Thorsteinsson places the postglacial marine limit at 425 
feet elevation and notes that the well-defined beaches occur 
below 275 feet. 

Devon Island. Ice caps on the highl ands and plateaux of 
Devon Island cover about a quarter of its surface. Though 
the main ice cap has a max imum altitude of about 6, 100 
feet it is presumed to have a thickness of only 1,000 to 
2,000 feet. It is passive except for a few distributaries in 
the eastern highland which flow in deep channels. Else
where the role of the ice caps appea rs to have been that 
of a protective cover and the smaller ice caps are known 
to be frozen at th eir base. Meltwater is carried by supra
glacial streams. The physiography of the present un
glaciated parts led Roots ( 1963) to conclude that the 
former, larger ice cap was also largely protective rather 
than an age nt of erosion. He noted, howeve r, th at Griffin 
Inlet on the west coast was glacia lly sculptured by west
flowing ice and that north of there the ice margin was 
locally active, accounting for a series of lakes. Lakes in 
the west-central part of the island were also formed by 
west-flowing ice from the la rger ice cap as it diverged 
southward to Maxwell Bay and north to the north shore 
of the isl and . Near the northwcstern edge of the large 
ice cap a succession of stream channels and numero us 
ice-marginal mcltwater channels indicate former melting 
but the ice near the present edge does not display these 
features. Jn the northwestern part of the island a more 
extensive ice cap than the present one was respons ible 
for some 'hummocky' moraine south of Norwegian Bay 
and along the west coast south of Grinnell Peninsula, 
but the peninsula itself, like many of the islands, shows 
no evidence of having been glaciated. G lacial striae and 
crystalline erratics on Beechey Island, at the southwestern 
end of Devon Island, are believed due to northwestward ice 
flow. A granitic erratic found west of Jones Sound was 
also attributed to westward-flowing ice. 

Brock, Borden, and Mackenzie King Islands. On Brock 
Island, Fyles (1965) observed an arcuate belt of ridges that 

he regarded as a thrust moraine formed by a glacier flow
ing westward through Wilkins Strait. No other glacial 
landforms were recognized on Brock or Borden Islands 
although a few erratics are present. The marine limit on 
Mackenzie King Island lies between 50 and 100 feet eleva
tion and on Brock Island at about 50 feet elevation . It is 
unknown on Borden Island, but a beach crest at the west 
end is 10 feet above sea level. 

Ellef Ringnes Island. Evidence of glaciation on Ellef 
Ringnes Island is rare, in large pa rt due to solifluction 
and also to the nature of the bedrock. Crystalline erratics 
occur northwest or west of their outcrop and well above 
all evidence of marine overlap. Two gravel ridges trend
ing west and one trending southwest are interpreted as 
cskers (St. Onge, 1965; Fyles, 1965). The marine limit is 
150, 110, and 75 feet on the east-central, south, and west
central coasts of the island respectively. There is no 
information on the Pleistocene of Amund Ringnes Island. 

Meighen Island. Fyles and Craig (1965) report the oc
currence of numerous, large striated boulders on Meighen 
Isl and and the occurrence of striae, ascribed to westward
moving ice, on nearby Fay Isl ands. They believe that late 
Pleistocene glacial ice emanating from Axel Heiberg Isl and 
extended westward to cover these islands. The present ice 
cap has a summit elevation of just over 900 fe et and a 
max imum thickness of about 400 feet (K. Arnold, 1965). 
Arnold has determined over the past ten years about 15 
feet of thinning at the summit of the ice cap and at the 
northern edge, but notes that a slight deterioration of 
climate could cause an increase in the ice cap. He 
observed postglacial marine features to about 50 feet above 
sea level but places the marine limit at about 80 feet. 

Axel H eiberg Island. On west-central Axel Heiberg Island 
meltwater appears to have been greater in early postgl ac ial 
times th an during the present arid climate (Mi.illcr, 1963). 
Because of the frozen ground and lack of vegetation, when 
run-off occurs now it is rapid, eroding channels and de
positing valley alluvium and fans. The short valleys that 
occur between the glaciers and the sea are U-shaped only 
near the ice front and become V-shaped with valley trains 
and small fans in their lower ends (Rud berg, 1963). 
Some partly dissected trough-shaped valleys also occur in 
parts of southern Axel Heiberg not now occupied by 
glaciers. Abundant striae in the west-central part of the 
island indicate two periods of ice movement, the first from 
the north and east and the second from the southeast. and 
east-southeast. Rudberg did not find undisputed evidence 
of far-travelled erratics in this area but red granite, pre
sumably from Ellesmere Island, occurs on Schei Peninsula 
on the northeastern side of Axel Heiberg. There a lso, 
inland ice-flow features indicative of late ice movements 
trend northward. South of Schei Peninsula, J. G. Fyles 
observed red granite erratics that had been transported 
northwestward, roughly parallel to Eureka Sound; such 
movements represent former major trunk glaciers seeking 
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escape from between Ellesmere and Axel Heiberg Islands. 
Elsewhere striae appear to record local, late, ice flow down 
small valleys and fiords as the glaciers receded inland 
towards the higher areas. 

Two main stages of glaciation, the younger definitely 
Wisconsin (Boesch, 1963) and the older unknown, are 
recognized in west-central Axel Heiberg. As the Wisconsin 
glacier waned and receded onto the island the sea en
croached on the uncovered ground, reaching altitudes now 
some 250 feet above sea level. Shells from the highest 
features have been dated at 9,000 ± 200 years (L-647F). 
Isostatic rebound was fairly rapid as the basal layer of a 
peat deposit lying at 80 feet elevation was dated at 4,210 
± 100 years (Bern). The Thompson glacier has not ad
vanced more than 2 kilometres in the last 4,000 years 
according to MUiler, and also the climate of the last 9,000 
years never favoured a glacial advance of more than a few 
hundred feet beyond present positions. It is currently 
forming a push moraine of huge blocks of stratified 
material up to 60 feet thick. Organic matter in the lower 
part of some blocks has been dated at 6,200 ± 100 years 
( L-64 7 A) and a piece of driftwood from a high part of the 
push moraine was dated at 5,325 ± 270 years (Gx-0144). 
This seems to indicate that formation of the push-moraine 
commenced after the hypsithermal period and that 5,300 
years ago the sea occupied the area now covered by the 
snout of Thompson glacier. This implies that sea level was 
at least 50 feet higher than at present. Marine shells from 
a terrace 120 feet above sea level have been dated at 
5,330 ± 195 years (Gx-0143). 

Ellesmere Island. Ellesmere Island is by far the largest 
of the Queen Elizabeth Islands and supports the largest ice 
caps in Canada. In its mountains and plateaux the former 
ice cover probably formed a complex of coalescent valley 
glaciers and mountain ice caps, which conformed in a 
general way to the topography and were similar to the 
major glacier complexes on the island today (Fyles and 
Craig, 1965). In some places the distribution of erratics 
indicates a former ice cover that was thick enough to main
tain a regional flow across the grain of the topography. 
Christie ( 1967) reports that boulders of granite and gneiss, 
probably from Greenland occur over a 10-to-25-mile-wide 
coastal belt of Hazen Plateau. The maximum westward 
extent of the Greenland ice is not known, as late Ellesmere 
ice has since advanced southeast and east across Hazen 
Plateau to the coast. At the glacial maximum the whole of 
northern Ellesmere Island was under ice cover and shelf 
ice probably extended well beyond the present north shore 
(Hattersley-Smith, 1961). The coastal ice caps on northern 
Ellesmere Island west of the northernmost tip, and disposi
tion and shape of stream valleys and fiords which indicate 
former trunk glacier flow in western and northern parts, 
may be a result of westerly and northwesterly snow-bearing 
winds and high altitude. Taylor (1956) and Smith (1961) 
however, have suggested that the fewer fiords on Hazen 
Plateau may be partly a result of confluence of Greenland 
and Ellesmere ice. 

The valleys of northern Ellesmere are regarded as 
normal preglacial valleys that have been straightened and 
deepened by strong glacier flow. Disraeli Fiord has a 
water depth in excess of 965 feet, and seismic data indicate 
a submarine canyon, trending northwest from the fiord 
mouth, about 2,800 feet deep (Crary, 1956). Despite 
this great depth the glacier in Disraeli Fiord appears to 
have overridden Ward Hunt Island, giving it a roches 
moutonnees shape and emplanting gabbro erratics from 
Ellesmere Island to an elevaticn of 1, 100 feet (Hattersley
Smith, 1961). The present streams are deep and mostly 
V-shaped, but near their head, at the glacier margin, they 
are U-shaped , and tributary valleys a re hanging relative 
to the trunk valleys. 

As the ice receded from the north coast the sea inun
dated the land to a maximum altitude of 400 feet, as on 
Ward Hunt Island, but the marine limit varies greatly from 
place to place presumably due to the presence of late ice. 
Marine shells from 125 feet above sea level have been 
dated at 7,200 years. Cyclically-bedded silt, sand, and 
organic materials, the last as much as 4 inches thick, occur 
at elevations up to 70 feet at the head of Clements
Markham Inlet. These have been interpreted as deposits 
formed during the climatic optimum but J. G. Fyles reports 
that they also occur at various altitudes in many valleys 
and may have a considerable age range. 

The character of the northern valleys has led all 
workers to conclude that the present ice cap is little 
changed since the climatic optimum. At present there 
are again extensive areas of shelf ice up to 50 feet thick 
and 12 miles wide, and also land ice near the coast. 
Hattersley-Smith ( 1961) considers these to be expressions 
of the colder climate following the climatic optimum 
(about 5,000 B.P.) whereas the interior ice fields are 
largely remnants (maximum of 2,700 feet thick) of the 
main Wisconsin glacier complex. He has recorded the 
advance of valley glaciers over raised beaches and into 
V-shaped valleys, and the growth of low ice caps on areas 
of raised beaches. He concludes that the climate has 
ameliorated in the past few decades and, although the main, 
high-level ice caps and outlet glaciers in northern Ellesmere 
Island show little or no change in areal extent from year 
to year, thinning is taking place in the lower reaches of 
the outlet glaciers and both thinning and recession of the 
small low-level ice masses have occurred. On the north 
coast of the island the surface wastage and occasional 
calving by the ice shelf reflects the warmer trend of recent 
decades. 

In the Lake Hazen and Hazen Plateau regions Elles
mere ice sheet receded towards the United States Range 
(Christie, 1967). Directional ice-flow features and dis
tribution of erratics indicate east and southeast ice flow 
across the plateau. Even though ice-flow features are 
present, the stream valleys show little other evidence of 
major trunk glaciers; truncated spurs, hanging valleys, 
and over-deepening are rare. A piedmont glacier must 
have formed on the plateau by coalescence of glaciers 

752 CLASSICAL WISCONSIN AND POSTGLACIAL EVENTS 



stemming from the United States Range. Lake Hazen 
basin was excavated along one contact of a wedge-shaped 
body of weak rocks overlying stronger rocks, and the lake 
is at least 864 feet deep. 

In the western part of northern Ellesmere Island fiord
like valleys, glacial striae, and the distribution of erratics 
also show outward movement of trunk glaciers. Erratics 
at high elevations indicate regional flow across a region of 
ridges and valleys with a relief of more than 3,000 feet 
(Fyles and Craig, 1965). They report that during de
glaciation the complex of glaciers and ice caps in western 
and central Ellesmere Island retreated progressively away 
from the outer coasts, up fiords and valleys, and into 
various high plateau and mountain areas. They also note 
that end moraines are not abundant and occur mostly in 
valleys within a few miles of an existing ice cap or glacier. 
The inferred period of shrinkage, on the basis of a few 

radiocarbon dates, is thought to be late Classical Wisconsin. 
An end moraine in central Ellesmere Island about 3 miles 
from the western margin of the ice cap was built more than 
6,400 years ago, and another less than a mile from a 
modern glacier, more than 4,200 years ago; this indicates 
that the rate of recession over the past 6,000 years has been 
rather slow. M ii Iler ( 1963) reports shells from an altitude 
of 350 feet at Eureka that dated 9,550 ± 250 years 
(L-647b). 

Cordilleran Glacier Complex 

The Cordilleran Glacier Complex is the system of 
intermontane, piedmont, and valley glaciers that developed 
in the Cordilleran physiographic province. Growth of the 
glacier complex stemmed from the passage of moisture
laden Pacific air masses over the various mountain systems. 

PLATE Xll-17. Klutlan Glacier, St. Elias Mountains, Yukon Territory. Note the marginal and medial moraines, drift-mantled terminal zone with 
small ponds, meandering meltwater channels on glacier surface, and termini of valley-side streams at glacier margin. Glacier flows 
east and north at head-end Generc River valley . Vertical airphoto; 1 inch to 5 1200 feet; stereoscopic pair. 
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It is probable that extensive alpine glaciation preceded 
development of the major ice fields . Snowfall was, without 
doubt, heav ier on the Coast Mountains than on mountains 
in their lee and it was also heavier on the western sides of 
all mountain ranges than on their respective eastern flanks. 
As glacial conditions continued, however, glaciers formed 
on the eastern flanks and later contributed to in-filling of 
interior valleys, plains, and plateaux. 

Glaciation 

Coast and St. Elias Mountains. The westward-moving 
glaciers of the Coast and St. Elias Mountains were largely 
dissipated in the Pacific Ocean. Farther south a glacier 
probably occupied much of Hecate Strait and extended to 
Queen Charlotte Islands. A major glacier from the 
southern part of the Coast Mountains occupied the Strait 
of Georgia, probably nourished in part by glaciers from 
the high central part of Vancouver Island. It moved sou1h
westward across the southern part of the island where it 
scoured mountains to at least 5,100 feet (Fyles, 1963b), 
and southward to beyond Seattle, Washington (Armstrong, 
et al., 1965). Jn Fraser Valley the last major glacial period 
is termed the Fraser Glaciation (Armstrong, et al., 1965) 
and it probably represents the same geologic-climatic 
episode as the Classical Wisconsin Glaciation of the mid
continent region. The build-up and advance include a 
period of alpine glaciation, the Evans Creek Stade and an 
ice sheet glaciation, the Vashon Stade, when ice occupied 
the lowlands of southwestern British Columbia and ad
joining parts of Washington . On Vancouver Island all the 
deposits relatable to the last regional glaciation are referred 
to as Vashon drift (Fyles, 1963b) . The last regional ice 
sheet is believed to have entered the northern end of Strait 
of Georgia after 25,000 years B.P. but it did not reach 
southern Vancouver Island until after 19,000 years B.P. 

Central interior. Except for those along the Pacific Coast, 
the glaciers from all parts of the mountain systems flowed 
into the intermontane areas and sought escape along the 
river valleys. Because of topographic confinement, the 
interior glaciers thickened until they covered all but the 
highest peaks of the Interior Plateau, a belt of rel atively 
less precipitation. Jn central British Columbia the ice 
attained ,a thickness in excess of 6,000 feet according to 
H. W. Tipper, and may have thickened until its surface 
became a major area of accretion standing somewhat 
higher than the confining mountains . Ice flow was mainly 
eastward from the Coast Mountains across Nechako Plain 
to where it was deflected north and south along Rocky 
Mountain Trench. Ice flow at the Wisconsin maximum 
paralleled the trend of southern Cassiar Mountains, but 
locally the ice flowed across the ranges towards Liard 
Plain. 

Southern interior. The first ice to enter Okanagan Valley 
probably stemmed from gathering grounds in Vfon ashee 
Mountains to the north and cast (Nasmith, 1962) . The 
southern tributary valleys show little evidence of glaciation ; 

apparently there was little tributary ice from the adjacent 
plateaux and highlands. The valley glacier was then 
joined by the major ice sheet from Coast and Cascade 
Mountains which spread south and southeast over Colum
bia Plateau and reached a terminus some 90 miles south 
of the International Boundary. At the boundary the ice 
sheet reached an altitude of 7 ,200 feet, and it was accord
ingly some 6,300 feet thick over Okanagan Valley. Melt
water flowed south down Columbia River to the P acific. 
A great thickness of lake sediments resting on outwash has 
been drilled in Okanagan Valley and in one place the valley 
bottom lies below sea level. The valleys, therefore, prob
ably attained their present form prior to the last glaciation. 

Eastern region . The glaciers in the eastern part of 
southern Rocky Mountains were formed by local precipita
tion and were not in contact with the ice sheet west of the 
continental divide. However, north of Athabasca Valley 
eastward movement of ice across the divide did occur and 
some glaciers from the upper part of the Fraser River 
system flowed into Athabasca River valley. The southern 
limit of strong ice flow across the Rocky Mountains lies 
about 100 miles south of Peace River. 

Piedmont glaciers undoubtedly were present locally 
south of Athabasca Valley, but most ice was contained 
in the valley glaciers that flowed eastward through the 
Foothills onto the Plains to where the ice either dissipated 
or merged with Keewatin ice. The time relations between 
the two glacier systems have not been established every
where. South of Crowsnest Pass the valley glaciers only 
reached the Foothills and had receded into the mountain 
vall eys before the Keewatin ice had spread that far west. 
Keewatin drift extends some miles up the vacated valleys 
overlapping the Cordilleran drift (Stalker, 1960, pp. 
72-73). F arther north , the Cordilleran glaciers and 
Keewatin ice did not merge during the Wisconsin but were 
separated by Porcupine Hills, a narrow, elongate belt of 
rel atively high hill s (Douglas, 1950) . Jn the Foothills 
west of Calgary, Cordilleran glaciers had also attained 
their maxim um development and receded before Keewatin 
ice reached the area and overlapped some 5 to 20 miles 
onto the recently vacated ground. Farther north Cor
dilleran ice in Athabasca Valley merged with Keewatin ice 
and was deflected southward east of the Foothills as earlier 
mentioned. 

In Peace River valley the Cordilleran ice also appears 
to have reached a limit some distance east of the later 
western limit of Keewatin ice. There, however, a re
advance of Cordilleran ice is recognized ; a relatively late 
Cordil leran glacier from Rocky Mountains, reached to 
within 15 miles of Fort St. John after Keewatin ice had 
begun to recede (Mathews, 1963) . North of Peace River 
the relationships of the Cordilleran and Keewatin glaciers 
are little known . 

Jn the Liard Plateau and the adjacent plains Cor
dillcran and Keewat in ice made contact in only a few 
places. The Cordilleran glaciers were not very extensive 
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in the Mackenzie Mountains nor along the eastern side of 
Selwyn Mountains as this was apparently a region of low 
precipitation. Glaciers from the eastern Selwyn Mountains 
and to a lesser extent from the western side of Mackenzie 
Mountains partly filled the intermontane area. Only 
elongate valley glaciers flowed eastward and northward 
towards the unglaciated or older glaciated terrain. Valley 
glaciers that developed on the dry, eastern side of Macken
zie Mountains were short and seldom reached low altitudes. 
In places they extended somewhat beyond the western 
limit of Keewatin ice. 

Northern interior. The limit of the Wisconsin Cordilleran 
ice in western Yukon is shown on Map 1253A. The limit 
probably corresponds with the McConnell Moraine and 
glacial advance of Bostock ( 1966) in central Yukon Ter
ritory. This limit is marked by fresh ice-marginal land
forms, particularly in Stewart River valley a few miles 
below Mayo. Glaciers moved northward from areas of 
heavy snowfall in the St. Elias, Coast, and Cassiar Moun
tains, westward from the Selwyn and Pelly Mountains to
wards the dry Yukon Plateau, reaching somewhat short 
of the limit reached by pre-Wisconsin ice sheets. Near 
the ice margin innumerable monadnocks protruded above 
the glacier surface. The Ogilvie Mountains, which separ
ate the Yukon and Porcupine Plateaux, also nourished 
glaciers; these moved outward from several of the higher 
areas within the mountain complex but did not reach the 
platea ux. Meltwaters on the northern side of Ogilvie 
Mountains flowed northeastward via upper Peel River until 
they encountered Keewatin ice in the lower part of the 
river basin ; then , joined by meltwater streams from the 
Keewatin ice, escaped northward along Eagle River to 
Porcupine River, Yukon River, and finally Bering Sea. As 
deglaciation proceeded and Keewatin ice vacated lower 
Peel River valley, meltwater from Ogilvie. Selwyn, and 
Mackenzie Mountains joined that from the Keewatin ice 
and followed Peel River to Mackenzie Delta and Beaufort 
Sea. 

De glaciation 

West coast. The last regional glaciation (Vashon) on 
southern Vancouver Island is represented by a till and 
associated deposits (Fyles, 1963b). Both a re generally 
sandy, especially in the lowlands where southwest-moving 
ice from Strait of Georgia overrode the sand deposits of 
the Quadra non-glacial interval. As the ice thinned, south
west flow was maintained .for a time through mountain 
passes and valleys and i£ceived additions from glaciers 
stemming from high parts of the island. As recession 
continued island-derived ice became dominant. According 
to J. G. Fyles, ice retreat from Strait of Georgia was 
probably underway by 14,000 years B.P., and by 12,800 
years B.P. the western side of the strait was open so that 
much of southern Vancouver Isl and was ice free. Along 
the mainland coast, thinning and marginal recession was 
prolonged by active accumulation in the high parts of Coast 
and Cascade Mountains. The last major ice lobe in Fraser 

Lowland was in contact with the sea until after 11,000 
years B.P., when a major re-advance into the sea-the 
Sumas Stade-deposited a widespread layer of stony and 
locally shell-bearing marine clay varying from a few feet 
to over 500 feet thick. Deposition was probably from 
icebergs except near the ice margin where shelf ice was 
present (Armstrong, et al., 1965) . North along the Pacific 
Coast the ice progressively lingered longer in contact with 
the sea, probably to about 10,000 years B.P . Along the 
Alaskan coast the glaciers had receded to or near their 
present positions by 8,000 to 7,500 years B.P. 

Southern and central interior. Deglaciation of the south
ern part of Cordilleran Glacier Complex was accomplished 
largely by downmelting and stagnation of the ice mass as a 
whole, with no clearly defined halts or re-advances 
(Nasmith, 1962). Lowering of the ice surface ultimately 
left the plateaux and highland areas bare, and when the 
remaining ice was confined to the valleys its surface area 
was greatly reduced. It seems likely therefore that with
drawal of the ice proceeded much more rapidly in the early 
stages of melting than in the later stages because the sharp 
reduction of the surface area may have been sufficient to 
bring ablation into equilibrium with ice accumulation. In 
Okanagan Valley lateral meltwater channels were cut at 
altitudes of 3,700 and 2,800 feet near the International 
Boundary. Later melting may have produced a nearly flat 
ice surface with meltwater flowing on top of the ice. The 
valley glacier was still thick enough to flow, however, and 
a northward ice-frontal retreat was maintained. Farther 
north up the valley the Okanagan ice lobe was more active 
and lateral mcltwater channels were cut. A minor climatic 
change resulted in development of a few morainal ridges. 
Several glacial lakes formed in Okanagan Valley region. 
Glacial Lake Penticton was the largest lake and had the 
longest history. A beach of this lake is tilted upward to 
the north at a rate of 3.5 feet per mile. Volcanic ash in 
talus, alluvium, lake beds, and peat deposits covers a broad 
region and is correlated by Nasmith with the Glacier Peak 
eruption about 6,700 years B.P. 

The las t glaciation northwest of the Okanagan Valley 
is represented by a single till (Fulton, 1965). In many 
places, this rests on proglacial sediments that pass down 
into non-glacial sediments about 20,000 years old, suggest
ing correlation with the Fraser Glaciation of the Coast 
Mountains and Vashon Glaciation of Vancouver Island. 
According to Fulton, regional downwasting of the ice 
sheet followed, without oscillatory marginal fluctuations . 
This was the result of confinement of the ice to intermon
tane positions. In general, the southern margin first 
retreated northward and later west of north . As the ice 
sheet thinned it broke up into a number of stagnant or 
semi-stagnant lobes occupying the major valleys and low
lands. During the early phases of retreat meltwater was 
ponded in the lowlands and discharge was to the south. 
Upon further recession the meltwater flowed eastward into 
the Okanagan River system and thence via Columbia River 
to the Pacific Ocean. This route was used during de-
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glaciation of most of the southern part of the Interior 
Plateau. Finally, however, recession of the ice sheet into 
Coast and Cascade Mountains opened the Fraser Valley 
and discharge took this more direct route to the Pacific 
(Mathews, 1944; Fulton, 1965). 

Elsewhere in southern British Columbia less is known 
of the general pattern of deglaciation. The Cordilleran 
glaciers retreated to a number of mountain ranges where 
snowfall was heavy, maintaining for a time active glaciers 
in the major valleys well beyond their area of nourishment. 
As recess ion progressed, the valley glaciers retreated to 
within the confines of the surrounding mountainous belt 
and finally left the valleys entirely. 

Relatively late ice is thought to have remained in north
eastern Columbia Mountains, plugging the Rocky Moun
tain Trench in the vicinity of Big Bend, and in adjacent 
parts of Rocky Mountains . These mountains have glaciers 
at present, but whether they are remnants of the former 
sheet or were newly formed is unknown. A region of late 
ice is also postulated for a large part of southern Coast 
Mountains. H. W. Tipper (GSC) believes that as reces
sion progressed the eastern flow from Coast Mountains 
lost contact with westward flow from Columbia Mountains. 
The latter, then directed largely by topography, turned 
north-northwest and south-southeast. The south-southwest 
trending ice divide between longitude 120 and 121 degrees 
(see Map l 253A) marks this line of separation . Most of 
the flow from Coast Mountai ns was northeast towards the 
Interior Plateau and upper Fraser Valley. Nechako Plain 
was covered by a broad, east to northeast flowing ice 
sheet from central Coast Mountains (Armstrong and 
Tipper, 1948). This part of the mountains at present has 
fewer glaciers than parts farther north and south. Glacial 
lakes were ponded in the valleys of Fraser, Nechako, and 
Stuart Rivers by active glaciers in the lower part of Fraser 
Valley; discharge was north along Parsnip River in Rocky 
Mountain Trench and down Peace River into lakes 
dammed by Keewatin ice in Alberta. It is thus possible 
that meltwater from glaciers originating in the Coast 
Mountains may at one time have flowed eastward via 
Peace River to the Interior Plains and thence via the Great 
Lakes system into the Atlantic Ocean. 

Northern interior. Centres of late glacial activity per
sisted in the northern parts of Coast Mountains, and in 
the Cassiar and Skeena Mountains. In the Cassiar Moun
tains, reversals of ice-flow direction occurred during de
glaciation, evident from the distribution of erratics and 

from ice-flow trends and ice-marginal meltwatcr channels 
(Watson and Mathews, 1944). Glaciers from the western 
side of Cassiar Mountains reached to the Pacific, but the 
rel ationships of these ice movements with those of ice in 
the Coast Mountains astride the outlet valleys have been 
little studied . During glacier recession, the Cassiar Moun
tains had an ice cap above 7 ,OOO feet elevation from which 
glaciers flowed southwest and northeast. In the southern 
part, ice from the higher Coast and Skeena Mountains to 
the west passed through the Cassiar Mountains, along Dease 
River valley, flowing in a northeasterly direction and 
reaching to about 7,000 feet elevation. Alpine glaciation 
both preceded and followed the las t major glaciation 
(Gabrielse, 1963). 

In parts of the southwestern Yukon the las t major 
glaciation, the Kluane (Denton and Stuive r, 1967), prob
ably correlates with the McConnell advance in central 
Yukon Territory. Radiocarbon dates on organic materials 
from beneath Kluane drift indicate that the glaciation 
began about 30,000 years B.P . and persisted to at least 
12,500 years and perhaps to less than 10,000 years ago . 
The Kluane glaciers, stemming from ice fields at altitudes 
of 12,000 to 15,000 feet on the eastern fl ank of St. El ias 
Mountains, moved northeastward through Kluane Ranges. 
It then flowed northwestward along Kluane River valley 
to Donjek and White Rive rs, and northward to beyond 
Snag (Bostock, 1952; Krinsl ey, 1965). In the valley 
southeast of Kluane Lake the elevation of the surface of 
the glacier was 6, 100 feet, near Donjek River it was 
about 5,000 feet and at its northern limit about 2,500 feet. 
The Kluane glaciers deposited three distinct tills which are 
associated with outwash and lake deposits . The glacie r 
that deposited the uppermost till sheet in Kluanc Valley 
had a minimum elevation of 2,500 to 3,200 feet. The 
glacier retreated along the paths of its earlier advance 
without any significant pauses or halts although large 
masses of ice stagnated in Kluane Lake area. Loess, de
rived from Kluane outwash, was deposited as a thin bl anket 
over all older deposits up to an altitude of 4,500 feet. 
The Kluane Glaciation was followed by a period of soil 
form ation (Denton, 1967) . The soil was developed prior 
to the neoglaciation of St. Elias Mountains, about 2,800 
to 2,600 years ago, which Denton correl ates with the Little 
Ice Age. Following a relatively warm interval the glaciers 
were again active from about 600 years ago to the present 
century but are currently undergoing a fluctuating reces
sion. The Donjek and Kaskawulsh Glac iers attained thei r 
neoglacial maxima about 300 years ago. 

ECONOMIC CONSIDERATIONS 

The surficial deposits or overburden that mantle the 
bedrock in most parts of Canada are mainly the result of 
glaciation. The direct glacier deposits or till, together with 
varied mixtures of ill-sorted or well-sorted materials, com
prise the moraine that characterizes much of Canada's 
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surface. Some large areas of gently rolling ground moraine 
in southern Canada have proved suitable for agricultural 
purposes but, in general, the irregular surface and variably 
stony materials limit or hinder large-scale farm operations. 
The more hilly areas of ground moraine, along with dis-



ir}tegration, interlobate , end, and kame moraines, therefore 
serve as ranchlands or forest sites, and are important also 
for water storage. Some of these morainal tracts with 
their myriad lakes provide game preserves, park lands, and 
recreational areas important to our tourist industry. Areas 
of glaciofluvial deposits are similarly important, particu
larly in regard to water supply. 

Vast regions in southern Canada were formerly 
covered by glacial lakes and the resulting flat areas of 
fine-grained soils comprise the farm lands that supply most 
of the grains and vegetables essential to support the ever
expanding urban and industrial areas. In many parts of 
Canada glaciation was instrumental in providing better soil s 
than we might otherwise have had, for glacial processes 
determined the mixing and size-sorting of materials that 
characterize some of our best farm lands. Elsewhere the 
glaciers probably removed excellent soils and transported 
them beyond our borders, leaving only bouldery or rocky 
terrain in their place. 

Similarly, glaciation has played a vital role in our 
mineral and mining development. In parts of the Canadian 
Shield, Cordilleran, and Appalachian Regions the glaciers 
have stripped-off the weathered mantle of many orebodies, 
removing and dispersing the valuable secondary ones. 
Glaciation thus exposed the primary mineral deposits that 
foreshadowed the age of the prospector in Canada with 
consequent development of our mining industry. Else
where, orebodies perhaps once exposed by glacier action 
have been buried by younger glacial deposits and remain to 
be found by drilling and geophysical surveys. Others may 
be found through study of the surficial geology. Boulder 
tracing along the line of the last ice movements, as deduced 
from striae and other ice-flow features, is a simple tech
nique that has been practised and proven successful on 
many occasions. More refined systems such as the glacio
focus method of localizing the source areas of minor con
stituents in drift (Lee, 1964, 1968) should prove success
ful also in the search for orebodies. A comprehensive 
knowledge of glacial events and glacier transportation will 
be even more necessary in future years as Pleistocene de
posits are thoroughly examined for clues as to the loci of 
valuable minerals. 

Glaciation has played a key role in the development 
of our towns, cities, and industrial areas. These are 
generally located in drift-covered parts of plains and low
lands, or in valleys in mountainous or rolling areas, rather 
than on adjacent more rocky and irregular-surfaced 
terrain. Because of the relative ease of excavating in 
unconsolidated materials as compared to bedrock there is 
still a tendency, despite modern heavy equipment, for 
urban expansion to avoid the areas of rock outcrop. This 
practice is engulfing the better arable lands at an alarming 
rate. Though some of our cities are in areas of little or 
no drift, most include areas of heavy drift. In some cases 
the bedrock is deeply buried and only the largest buildings 
are founded on bedrock, alI others being anchored in the 
drift mar..tle. Where possible, spread-footings are located 

on till or gravel layers, and experience has shown that great 
care must be exercised to evaluate the physical properties 
of the drift mantle. The character and thickness of the 
drift mantle also have a direct bearing on the costs of water 
and sewer installations, and the construction of roads and 
sidewalks. Drift mantle may yet prove to be the deciding 
factor with regard to the type of rapid transit systems to be 
planned for many urban areas. 

Sand and gravel are in great demand in all urban 
areas, and as a result supplies are being rapidly depleted 
within many miles and generally some tens of miles of 
these centres; whereupon, due to excessive transportation 
costs, crushed rock is used as a substitute. Most supplies 
of sand and gravel are from glaciofluvial deposits but 
locally river, lake, and seashore materials are employed. 
Despite competition from crushed rock, the use of sand 
and gravel for construction purposes alone remains at a 
high level. The 1965 production and value of sand and 
gravel used in road construction, railway ballast and in 
concrete, asphalt, and mortar mixes is given in Table XII-3. 
These materials are in large part of Plcistocene age, but 
some pregl acial gravels are included. 

A Pleistocene gravel deposit of unusual interest, which 
was not used for construction but rather as an iron ore, 
was that at the Canadian Charleston mine south of Steep 
Rock Lake, Ontario. There a gravelly end moraine in
cluded sufficient 'float' to be mined on a commercial basis 
as iron ore. Pebbles, cobbles, and boulders of high grade 
hematite and goethite were the main components of the 
gravel deposit. These were deposited from an ice lobe that 
had gouged them from beneath Steep Rock Lake. A high 
grade iron pellet concentrate was produced on the prop
erty. Although operations were confined to the summer 
months, and there was no production in 1961, some 
642,957 tons of high grade iron concentrate was pro
duced from about 4.5 million tons of gravel between 1959 
and 1964 when operations ceased. 

Clay deposits of both lacustrine and marine origin 
were used extensively in former years in the manufacture 

TABLE XII-3 

Province 

Newfoundland 
Prince Edward Island 
Nova Scotia 
New Brunswick 
Quebec 
Ontario 
Manitoba 
Saskatchewan 
Alberta 
British Columbia 

Totals 

Production and value of sand and 
gravel (by F. E. Hanes, Mines Branch) 

short tons 

4,063,734 
412,064 

6,574,387 
4,491,514 

40,507,369 
75,082,026 

9,757,104 
8,570,008 

13, 163,941 
20,484,706 

183, 106,853 

1965 

$ 

3,684,891 
374,08 1 

4,498,803 
2,594,846 

19,583,35 1 
55,297,474 

6,767,068 
5,615,794 

I 0,661,383 
12,662,016 

121 ,739,707 
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of brick, tile, and related products . Their use for brick 
and tile has been largely discontinued in areas where shale 
is available, and the amount still being used for this pur
pose is a smaJl part of the over-all production of clay 
products valued at somewhat more than $31 million 
annually. Bricks made from Pleistocene clays are found 
in most brick buildings in the older parts of our cities and 
in the older farm houses . 

Major construction projects such as water storage and 
power dams, superhighways, new railways, causeways, and 
port facilities must take surfici al deposits into account, 
as some need to be removed and alternate materials hauled 
to the sites. Landslides involving these materials may 
occur where highways cut throu gh hills or valley walls or 
where stream erosion undercuts valley sides . Clays or 
clay tills may be sought for impermeable blankets in water 
reservoirs, or permeable fill may have to be found for some 
earthfill dams. The glacial history of such regions should 
be known, for it may dicta te the amount of testing necessary 
to evaluate the stratigraphic sequence at the construction 
site proper. 

The effects of differential uplift need to be evaluated 
where major construction projects with a long-term life
span involve large bodies of water. Differential uplift 
between opposing ends of the storage basins of only a small 
fraction of an inch per year may be important, and its 
postglacial record is requisite. The rate of differential 
uplift in Hudson Bay, based on short-term tide gauge 

records, may be about 2 feet per century (Barnett, 1966) . 
Such information, together with the rate of postglacial 
uplift, would provide a useful curve of land-sea relaitions 
important in planning major harbour faci lities in the region . 

W aste disposal is becoming an ever-greater problem in 
industrial and mining areas. Areas of relatively imper
meable clay are at times sought for waste disposal pits for 
corrosive or noxious materials, but the mineralogy of the 
clay should be determined with regard to possible chemical 
reactions within the deposit. W aste products that are less 
objectionable and that will break down in a rel atively short 
time may be pumped into some drift-covered waste lands, 
but great care has to be exe rcised to prevent contamination 
of the groundwater. 

Surficial deposits have a direct bea ring on Canada's 
water resources for they determine the rate of run-off and 
amount of water storage. They hold much water that 
would otherwise be lost by rapid run-off, and they grudg
ingly but positively di scharge this to the rive rs and streams. 
Without this constant to semi-constant supply, many of 
our river systems would vacillate between raging torrents 
and dry vall eys . 

Thus our heritage of glacial deposits is fund amental 
to the very character of this land and affects the progress 
of our agricultural, fores try, mining, and fishing industries, 
urb an and industria l developments, an d recreartional facil
ities, all of which influence our daily way of life and our 
future plans. 
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