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LEGEND SYMBOLS
QUATERNARY
NONGLACIAL ENVIRONMENT
ORGANIC DEPOSITS:
marsh, fen, swamp and bog deposits up to 6 m thick, characterized by seasonal flooding; P Geological boundary
generally found in Precambrian terrain and overlying fine textured proglacial lake and
glacial till deposits
A d ind direction inferred

ALLUVIAL DEPOSITS: T Sand dunes (wind direction inferred)

sand, silt, gravel and clay, 1-30 m thick, deposited on floodplains along river valleys, on
floors of glacial spillways, and as alluvial fans along the base of escarpments

EMERGED MARINE DEPOSITS: :
sand, silt, clay and gravel, 1-14 m thick, deposited in beach and nearshore environments

during regression

Beach deposits: sand and gravel, 1-3 m thick, forming distinct ridges; including areas of
littoral sand and offshore bars

Nearshore and intertidal deposits: coarsening upward sequence of clay, siltand sand, 1-
14 m thick, deposited as a flat plain; includes ice-rafted debris; seasonally submerged
organic¢ deposits are very extensive overlying these deposits

PROGLACIAL AND GLACIAL ENVIRONMENT

GLACIOLACUSTRINE DEPOSITS:
clay, silt, sand and minor gravel, 1-30 m thick, deposited in proglacial lakes.

Beach and nearshore deposits: sand and gravel 1-4 m thick, forming distinct ridges; sand
blanket, 0-1 m thick, reflecting form of underlying topography; includes areas of wave-
washed till and exposed bedrock

Deep basin deposits:silt, clay and sand, 1-30 m thick, forming extensive lake plains and a
discontinous veneer reflecting form of underlying topography; includes areas of
extensive iceberg scouring, areas masked by thin alluvium, and areas of wave washed till
and exposed bedrock

Deltaic deposits: sand, silt and gravel, 1-30 m thick, coarsening towards apex; surface, flat
and gently sloping; extensive dune development in places

GLACIOFLUVIAL DEPOSITS:
gravel, sand and silt, 1-100 m thick, deposited in an ice marginal environment; includes
subaqueous outwash deposited in glacial lakes, and some late glacial valley fill.

GLACIAL ENVIRONMENT

GLACIAL DEPOSITS:

unsorted glacial debris, 1-10 m thick, reflecting the composition of the underlying
bedrock; predominently lodgement till; also includes extensive areas of hummocky
stagnation moraine, ribbed moraine and water deposited till

Till: 1-10 m thick, highly calcareous, derived primarily from Paleozoic carbonate rock;
typical composition: 16 per cent gravel, 21 per cent sand, 44 per cent silt and 19 per cent
clay; includes small bedrock outcrops; glacial flutes impart a swell-and swale topography
to large areas of this till; some evidence of wave-washing

Till: 1-10 m thick, moderately calcareous, derived primarily from Mesozoic shales; typical
composition: 13 per cent gravel, 33 per cent sand, 31 per cent silt and 23 per cent clay;
includes a few small bedrock outcrops, large areas of hummocky stagnation moraine with
relief of greater than 8 m and till plains with relief of less than 3 m

Till: 1-¢ m thick, derived primarily from Precambrian bedrock; typical composition: 28 per
cent gravel, 46 per cent sand, 22 per cent silt and 4 per cent clay; includes extensiveareas
of bediock outcrop; surface reflects form of underlying bedrock surface

PRE—QUATERNARY
NONGLACIAL ENVIRONMENT

BEDROCK:
Precambrian, Paleozoic and Mesozoic bedrock of various
topography and slopes, in part produced by glacial scouring

lithologies; variable
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SURFICIAL GEOLOGICAL MAP

PHYSIOGRAPHY

The Province of Manitoba occupies 650 000 km2 and is underlain entirely by bedrock of Precambrian age.
Forty per cent of the Precambrian basement is concealed beneath rocks formed during the Paleozoic, Mesozoic
and Cenozoic Eras. There are four major physiographic regions: the Hudson Bay Lowlands, the Precambrian
Shield, the Manitoba Lowlands and the Southwestern Uplands. The topography of these regions reflects much
of the nature of the underlying bedrock, and the effects of repeated Pleistocene glaciation.

The Hudson Bay Lowlands,an undulating plain of subdued relief and low elevation, is underlain by rocks
of Paleozoic age. Bedrock is overlain by calcareous till, marine sediments, and recent swamp deposits. Major
elements of relief are the valleys of the Churchill and Nelson Rivers, 18-50 m deep, and a series of abandoned
beaches, generally less than 3 m high.

The Precambrian Shield is the largest physiographic region. The Nelson depression or trough, located
centrally within the Shield, slopes towards Hudson Bay and is drained by Churchill, Nelson and Hayes Rivers.
Northwest of the trough, the elevation rises to 500 m above sea level whereas to the southeast itrises to less than
380 m a.s.l. The Shield terrain is relatively level with local relief imparted by lakes and rivers, commonly
entrenched 15-30 m, and by bedrock highs and morainic ridges.

The Manitoba Lowlands is underlain principally by gently dipping Paleozoic strata. Although elevations
range between 217 m a.s.l. and 300 m as.l. relief is generally less than 8 m. The region is drained by
Saskatchewan, Red and lower Assiniboine Rivers and the principal lakes are Lake Winnipeg, Lake Winnipegosis
and Lake Manitoba.

The Southwestern Uplands consists of gently dipping Mesozoic strata. The east sides of Porcupine, Duck
and Riding Mountains form the Manitoba Escarpment. Turtle Mountain (757 m a.s.l.), on the border with North
Dakota, is an erosional remnant capped by rocks of Paleocene age and overlain by Pleistocene drift.

DRIFT THICKNESS

Bedrock in the four physiographic regions is covered by varying thicknesses of Pleistocene drift. The
Hudson Bay Lowlands is covered with till and marine sediments exceeding 30 m in sections along Nelson River.
Drift cover on the Precambrian Shield is discontinuous and variable in thickness, ranging from a thin veneer over
bedrock to local deposits more than 10 m thick. Much of the surface is bedrock outcrop. Large features, such as
the Settee-Etawney and The Pas Moraines, are tens of metres high and are the major relief elements of this
landscape. Drift cover on the Manitoba Lowlands is also variable. The till sheet is generally continuous and
several metres deep but bedrock outcrops in places. In the southern part of the Red River Basin, 30 m of silt and
clay overlies pre-Lake Agassiz sediments. Northwest of the main Agassiz basin, sediments of the Assiniboine
delta exceed 75 m in thickness. Drift thickness is greatest on the Southwestern Uplands where there is 250 m of
Pleistocene drift on Duck Mountain, 150 m on Turtle Mountain and 15-30 m on Riding Mountain.

QUATERNARY GEOLOGY

EARLY AND MID WISCONSINAN

Manitoba has been glaciated many times during the last 700 000 years, but evidence of the earliest
glaciations has largely been removed by subsequent glacier advances.

The oldest Quaternary deposits are thought to be lllinoian tills more than 120 000 years old. These
include, the lowest unnamed till exposed in sections along Nelson and Hayes Rivers in northeastern Manitoba,
the Largs and Tee Lakes Formations exposed in southwestern Manitoba and the Rosa Formation exposed along
Roseau River south of Winnipeg. Little is known about the glaciations that laid down these widely scattered
deposits.

Ameliorating climatic conditions terminated the lllinoian glaciation and the ice retreated from Manitoba.
Organic remains from the Missinaibi Formation along Nelson and Hayes Rivers indicate that climatic conditions
during the following Sangamonian Interglacial, more than 120 000 years ago, were similar to those of today.

Deteriorating climatic conditions marked the onset of the Wisconsinan Glacial Stage. In the Hudson Bay
Lowlands, Early Wisconsinan till was deposited on Sangamonian Interglacial beds. Elsewhere in the province,
the age and correlation of deposits is less certain. Southeast of Winnipeg, tills of the Woodmore, Stuartburn and
Tolstoi Formations record successive ice advances from the northwest during the Early and Mid Wisconsinan.
The St. Malo, Vita and Bedford Formations indicate that interstadial conditions prevailed after each glacial
advance.

In southwestern Manitoba, the Shell, Roaring River and Minnedosa Formations record
stadial/interstadial oscillations which terminated with deposition of the Minnedosa Formation between 38 000

e i bon dating. - -

LATE WISCONSINAN

Late Wisconsinan deposits can be divided into those of Labradorean provenance and those of Keewatin
provenance.

Drumlinoid ridges, glacial striae and other ice flow directional indicators show that Labradorean ice
flowed west and southwest across Hudson Bay and northwestern Ontario. The western limit of this ice flow is not
precisely known. In north central Manitoba, westerly movement was halted by Keewatin ice which invaded the
province from the north and northwest, causing the Labradorean ice to be diverted to the south. In central
Manitoba, Labradorean ice was further contained by the Manitoba Escarpment and funnelled to the southeast,
along the axis of the Manitoba Lowlands, to form the Red River Lobe. In the south central part ofthe province, the
Red River Lobe intersected a more easterly lobe of the Labradorean ice sheet trending 2350, which flowed from
northwestern Ontario. In southeastern Manitoba, the Red River Lobe deposited the highly calcareous Roseau
Formation and the northeastern lobe deposited the sandy Senkiw Formation.

Initially, the Senkiw Formation was deposited over much of southern Manitoba, perhaps as far west as the
Manitoba Escarpment. The Red River Lobe, advancing down the Manitoba Lowlands, overrode the Senkiw
Formation after the northeastern lobe had retreated to the east. The Milner Ridge-Bedford Hills Interlobate
Moraine formed between the two ice lobes during a halt in this retreat. Continued expansion of the Red River
Lobe, possibly as the result of a glacial surge, resulted in the Milner Ridge-Bedford Hills Interlobate Moraine
being overridden by ice and capped by the Roseau Formation. By 14 000 years B.P. the northeastern lobe had
retreated into Ontario, and a proglacial lake formed in this newly deglaciated part of southeastern Manitoba and
the adjacent part of Ontario. The Red River Valley was still occupied by the Red River Lobe which extended as far
south as Des Moines, lowa.

The Lennard Formation, a distinctive brown calcareous clay till, was deposited on the southern and lower
part of the Southwestern Uplands. The till on Riding and Duck Mountains resembles the Lennard Formation, but
because of its greater carbonate content it has been named the Zelena Formation. The distribution of distinctive
fish fossil erratics derived from the Cretaceous Uppér Ashville Formation and high carbonate content in the
Zelena Formation, as well as the attitude of glaciotectonic thrust blocks such as Thunder Hill in the Swan River
Valley, indicate that Riding, Duck and Porcupine Mountains were overridden by ice flowing towards the
southwest. Along the west side of Duck and Riding Mountains, the ice flow was towards the southeast, parallel to
the Assiniboine River Valley and southeast across Turtle Mountain. Some evidence indicates that the Zelena
Formation was deposited by Labradorean ice, whereas the Lennard Formation was derived from ice of Keewatin
provenance.

Glacial retreat was by down-wasting and stagnation on Turtle, Riding, Duck and Porcupine Mountains,
and by gradual northwestward retreat on the Assiniboine Plain and Manitoba Lowlands. As the Red River Lobe
began to retreat northward, the ice surface was lowered on that part of the Southwestern Uplands adjacent to the
Manitoba Lowlands. Large ice masses became isolated on the western dip slope of the Manitoba Escarpment
resulting in the development of extensive areas of hummocky stagnation moraine on Porcupine, Duck and
Riding Mountains. Active ice remained in the Assiniboine River Valley and in the Manitoba Lowlands. By 12 800
years B.P., Turtle Mountain, Pembina Hills and Riding Mountain were ice free.

The Red River Lobe retreated into south central Manitoba and then readvanced southward into the United
States. This readvance into proglacial Lake Agassiz resulted in the deposition of the calcareous Whitemouth
Lake Formation over early Lake Agassiz sediment. During the maximum of the Whitemouth Lake advance, the
ice front stood at the Darlingford Moraine along the north and east sides of the Pembina Hills. The eastern margin
of the ice sheet extended from Traverse Bay, on Lake Winnipeg, to Buffalo Bay on Lake of the Woods.

Continued northward retreat of the Red River Lobe resulted in expansion of Lake Agassiz into southern
Manitoba. Again, ice advanced into the lake and deposited the calcareous Marchand Formation as far south as
the United States border. Several similar retreat and advance cycles occurred during northward retreat of the
Red River Lobe. The Pas, Hudwin, Hargrave and Sipiwesk Moraines formed during such minor readvances.

As Keewatin ice retreated northward across northwestern Manitoba, it abutted against the Labradorean
ice sheet on the southeast, along a line defined approximately by the Settee-Etawney Moraine. Not until the
province was almost completely deglaciated did the ice sheets in northern Manitoba separate. Points of
separation were along the lower Nelson River and possibly farther north, at the mouth of Churchill River.

LATE GLACIAL

Proglacial Lake Johnston first formed approximately 14 000 years B.P., when the ice situated east of
Winnipeg and Whitemouth Rivers started to retreat, ponding meltwater between the higher land in northern
Minnesota, and the retreating ice frontin Ontario, and the Red River Lobe in Manitoba. Similar ice marginal lakes
formed elsewhere along the edge of the retreating ice sheet. When the Red River Lobe was stationary at the
Darlingford Moraine, glacial Lake Souris, fed by meltwater from the Pipestone and Minnedosa spillways, drained
into Lake Agassiz in North Dakota via the Pembina spillway.

Continued shrinkage of the Red River Lobe resulted in the merging of numerous early ice marginal lakes
to form Lake Agassiz about 13 000 years B.P. The Herman beaches, found along the east side of the Pembina
Hills and Riding Mountain, at elevations ranging from 389 ma.s.|. west of Morden to 410 m a.s.l. west of Neepawa,
represents the earliest and highest levels attributed to Lake Agassiz. Meltwater, from Riding Mountain, Duck
Mountain and much of eastern Saskatchewan, flowed into Lake Agassiz via the Assiniboine spillway, forming the
Assiniboine delta east of Brandon. Till, deposited over Assiniboine delta silt in the Arden area, testifies to the
close proximity of the ice sheet during formation of the delta.

The ice margin continued to retreat to the north, and Lake Agassiz expanded. By 10600 years B.P.the ice
margin was north of Porcupine Mountain and the lake had become stabilized at the Upper Cambell level. This
very prominent beach level extends almost continuously from the Saskatchewan border, north of Porcupine
Mountain, south to the border of North Dakota, on the east side of the Pembina Hills. When Lake Agassiz was at
the Upper Campbell level, drainage was southward into the Mississippi River and the Gulf of Mexico. Retreat of
the ice margin in northwestern Ontario opened drainage outlets below the Upper Campbell level and the lake
partially drained eastward between 10 600 and 10 000 years B.P. A glacial readvance blocked the eastern outlets
and the water level rose approximately to the level of the Lower Campbell beach where it remained for a short
time. Continued northward retreat of the ice sheet and lowering of the water level caused emergence of the
southern basin as Lake Agassiz moved northward. The disappearance of ice in northern Manitoba led tothefinal
drainage of Lake Agassiz about 8 000 years B.P. through spillways along Nelson River and possibly Churchill and
Gods Rivers.

Although Lake Agassiz covered most of eastern and central Manitoba, lake sediment is not uniformly
distributed. Fine textured, deep water sediment accumulated in distinct sedimentary basins formed by bedrock

i i 3ss River Basin, located south and north of Lake Winnipeg, were the largest

deep water basins in Manitoba. They are characterized by thick accumulations of varved clay and exhibit Tittle
relief.

Fine textured, deep water sediment is also present in areas outside the main basins, but generally as athin
mantle which modifies the relief only slightly. In areas outside the main sedimentary basins, such as in the
Interlake, where water depths ranged between 60 and 150 m at the time of the Campbell level, virtually no deep
water sediment is present and there is little evidence of wave modification from the regression of Lake Agassiz.

HOLOCENE

The weight of the ice lowered the land surface of Manitoba during glacial times in proportion to the
thickness of the overlying ice sheet. During and after the retreat of the ice sheet the crust isostatically
compensated by slowly rebounding. The greatest rebound has been in northeastern Manitoba where the ice was
thickest. This differential rebound is evident in the deformation of the Lake Agassiz strandlines. For example, the
Upper Campbell beach at Morden is 319 m a.s.l. whereas at Cowan it is 367 m a.s.l. Following deglaciation of
Hudson Bay and northern Manitoba, about 8 000 years B.P., Hudson Bay Lowlands was isostatically depressed
relative to sea level. This resulted in a transgression of the sea, termed the Tyrell Sea, as much as 200 km inland
from the present shore of Hudson Bay. Marine limits are found at elevations of 183 m a.s.l. along the
Manitoba/District of Keewatin boundary, at 122 m a.s.l. along Nelson River and at 137 m a.s.|. along the Ontario
border. The difference in the elevation of the marine limit may be due to relatively early deglaciation in the Nelson
River area followed by unrecorded uplift (possibly under glacial lake conditions) before the incursion of the
Tyrell Sea. Isostatic rebound continues today at about 60 cm per century in the Churchill area.

The 1:1 000 000 scale Surficial Geological Map of Manitoba was prepared by the Aggregate Resources
Section of the Manitoba Mineral Resources Division from published and unpublished maps and reports on file
with the section. Major outside sources were:

Dutchak, K., Kerr, B., Mills, G.F., Veldhulis, H., Woo, V. and Forrester, D.B.; 1978
Ehrlich, W.A., Poyser, E.A., Pratt, L.E.and Ellis, J.H.; 1953
Ehrlich, W.A,, Pratt, L.E. and Leclaire, F.P.; 1962

Ehrlich, W.A., Pratt, L.E. and Poyser, E.A.; 1956

Ellis, J.H. and Shafer, W.H.; 1940

Elson, J.A.; 1956, 1959

Fenton, M.\W.; 1974

Klassen, R.W.; 1966, 1974, 1979

Klassen, R.W. and Netterville, J.A.; 1973, 1974

Little, J. and Sie, D.; 1976

McPherson, R.A.; 1970

Mills, G.F., Veldhulis, H. and Forrester, D.B.; 1978
Netterville, J.A. and Klassen, R.W.; 1973, 1974

Pratt, L.E., Ehrlich, W.A., Leclaire, F.P. and Barr, J.A.; 1961
Prest, V.K.; 1969

Prest, V.K., Grant, D.R. and Rampton, V.N.; 1968

Ritchie, J.C.; 1962

Smith, R.E., Tarnocai, C. and Mills, G.F.; 1975

Tarnocai, C.; 1970

Teller, J.T. and Fenton, M.M.; 1980

Thurston, P.C., Sage, R.P. and Siragusa, G.M.; 1979

Woo, V., Mills, G.F., Veldhulis, H. and Forrester, D.B.; 1977

The contributions of B. Schreiner of the Saskatchewan Research Council and L. Dredge, R.W. Klassen
and A.S. Dyke of the Geological Survey of Canada are gratefully acknowledged, particularly those of L. Dredge
who made available a great deal of unpublished data on northern Manitoba.

Compiled by E. Nielsen, S.M.Ringrose, G.L.D. Matile, H.D. Groom, M.A. Mihychuk and G.G. Conley

Geological cartography by T. Franceschet L SURFICIAL GEOLOGICAL MAP OF
@f MANITOBA
-~ MAP 81-1




