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A sedimentary sequence in the Glacial Lake
Proven basin: the Rolling River section, Riding
Mountain, Manitoba
Roderick A. McGinn, Brandon University

Abstract: The Glacial Lake Proven basin covers an area of approximately 340
km2 on the Riding Mountain Uplands in Manitoba. Four sub-stages in the history
of the glacial lake have been identified based on depositional units, different outlets
and associated lake levels. Near the southern margin of the basin, the Rolling
River has incised into the Glacial Lake Proven sediments and exposed an 8 m
section of the supraglacial lacustrine deposits. A supraglacial melting-ice facies
(Zelena Formation; an ablation till) is exposed at the base of the sequence.
Depositional evidence suggests that there was a rich sediment supply into Early
Glacial Lake Proven depositing a supraglacial lacustrine complex that conveys an
impression of alternating layers of sands. These deposits are overlain by a thick
sequence of supraglacial lacustrine bottomsets consisting of sand and silt
rhythmites. In the upper part of the section, the deposits exhibit the characteristics
of a supraglacial lake-margin deposit. There is some regular lamination of the
finer sand and silt, evidence of coarse intercalations and material supplied by
mass movements or wash off, together with numerous dropstones.
Key words: Riding Mountain Uplands, Glacial Lake Proven, facies, lacustrine
deposits, stratigraphic section, supraglacial lake

Introduction
The Lake Proven basin covers an area of approximately 340 km2 on
the Riding Mountain Uplands in Manitoba (Figure 1). The basin
topography is less than 625 m in elevation and includes the present day
Clear Lake, Bottle Lake, Proven Lake, Jackfish Lake and Otter Lake.
Higher elevations, in excess of 670 m, are located to the north and east of
the Lake Proven Basin. The Rolling River drains the southern portion of
the basin to the south; the northern portion of the basin drains towards the
west by way of Clear Creek. Both drainage routes join the Little
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Figure 1: The Lake Proven Basin.
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Saskatchewan River and eventually drain into the Assiniboine River to
the south.
Klassen initially mapped the western third of the Lake Proven area
(Figure 1) as “silt, deposited in part in a superglacial (supraglacial) lake”
and later referred to this supraglacial lake as “Glacial Lake Proven”
(Klassen 1966, 117). The associated 1:250,000 map published in 1965,
however, makes no reference to the name “Glacial Lake Proven” or to the
mode of origin of the deposits. In later work Klassen (1979) describes the
supraglacial lacustrine deposits as “a gently irregular to hummocky
glaciolacustrine complex composed of mainly silt and sand.”1 Associated
lacustrine deposits are described as silt and clay or organic deposits on
poorly drained flats. There is no mention of Glacial Lake Proven in the
1979 memoir. The Quaternary surficial map of Riding Mountain (Manitoba
Energy and Mines 1980), based on Klassen’s 1979 map, describes the
deposits as lacustrine silt and clay deposited in basins peripheral to the
main Lake Agassiz basin. It is interesting to note that this map was compiled
with no additional field mapping or sediment sampling. In these smallscale surficial mapping studies there are virtually no details regarding the
environmental conditions, depositional mechanisms and lithologic
characteristics that are associated with the “Glacial Lake Proven” deposits.
Furthermore, the actual extent of the deposit is poorly mapped due to its
relatively small size and the fact that some of the sediments have been
subsequently buried.

Objective of the Study
This paper reviews the sedimentary sequence found in the previously
undescribed Rolling River stratigraphic section and relates the facies to
the history of Glacial Lake Proven.

Glacigenic Sediments
Ashley (1989) reviewed the sedimentary processes and lithofacies
units in glacier-fed lakes and established lithofacies groups with commonly
occurring lithofacies units. Jurgaitis and Juozapavicius (1989) outlined
the importance of the geomorphic and lithologic parameters recommended
for study when investigating glaciofluvial deposits and developed a genetic
classification of glaciofluvial deposits. The lithologic criteria outlined in
this publication will be used in this research. Brodzikowski and Van Loon
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(1991) presented a synthesis of glacigenic sediments and established a
systematic classification based on the depositional subenvironment,
associated facies and the characteristics of the deposits. The Brodzikowski
and Van Loon nomenclature is also employed in this research.

Surficial Deposits in the Glacial Lake Proven Basin
Detailed surficial mapping (Klassen 1965, 1966, 1979; Groom 1980;
McGinn 1991a, 1991b, 1997, 2000) has determined that early Glacial
Lake Proven deposits (Proven I Complex) occur at elevations above 625
m in the region to the west and southwest of the topographic basin (Figure
2). These rhythmite deposits represent a supraglacial lacustrine facies.
The deposits of the later phase of Glacial Lake Proven (Proven II Complex),
found at lower elevations, are believed to represent a topographically
controlled terminoglacial lacustrine facies, perhaps supraglacial, but with
only a thin ice base (Figure 2).
To the west are the deposits of the eastern ridge of the Horod Moraine.
The Horod Moraine was originally mapped as a kame-esker complex by
Klassen in 1965 and later an end moraine on the Quaternary surficial map
of the Riding Mountain region (Manitoba Energy and Mines 1980). The
Horod Moraine Complex is classified as an ice marginal ridge (Jurgaitis
and Juozapavicius 1989) deposited between the neutral ice to the west
and the stagnating ice of the eastern uplands (McGinn 1997). This
supraglacial melt-out complex is composed of stratified sands and gravels
which frequently exhibit deformation structures and large till inclusions
(McGinn 1997). To the north a glaciofluvial facies, interpreted as
proglacial outwash, merges with constructional glaciotectonic features (iceshoved hills and a composite linear ridge) in the east (McGinn 2000), the
latter being surrounded by Glacial Lake Proven deposits.
In addition to the significant inflow of meltwaters from the surrounding
ice during the Incipient and Early Glacial Lake Proven supraglacial lake
sub-stages, there appears to have been three prominent inflowing streams
operating at different times during the later supraglacial and terminoglacial
lake sub-stages. Initially there was inflow from the west through a breach
in the Horod Moraine (McGinn 1997). Later in the history of the lake a
subglacial river entered from the east near the town of Wasagaming (Figure
2). There is also evidence that there was a Jokulhlaup inflow along the
Upper Rolling River outlet during the terminoglacial lake phase (McGinn
1991a).
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Figure 2: Surficial deposits in the Glacial Lake Proven Basin.

Drainage of Early Glacial Lake Proven occurred through an ice
marginal channel into the Otter Lake sub-basin (Figure 2) and then into a
prominent spillway system draining east and south (not shown in Figure
2). As the lake enlarged, the ice marginal channel was abandoned in favour
of the Upper Rolling River outlet (Figure 2), which drained into the same
eastern spillway system (McGinn 1991b). Drainage during the final stages
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of Glacial Lake Proven took place through the Lower Rolling River outlet
towards the south (Figure 2). There is no evidence that the lake drained
towards the west along the present day Clear Creek.

The Rolling River Section
Near the southern margin of the Lake Proven basin, the Rolling River
has incised into the Glacial Lake Proven sediments and exposed an 8 m
section of the supraglacial lacustrine deposits and underlying till. The
Rolling River section (Figure 1) is on the northwestern cutbank of the
Rolling River in the South Quill’s Ojibway Peoples Rolling River Reserve
Number 67: NTS 62 J5, Clanwilliam, Manitoba: UTM 43090 E; 55935
N.
Four subsections (W-1, W-2, W-3, and W-4) were logged along the
Rolling River cutbank (Figure 3). A gully eroded at right angles to the
cutbank section provides a three-dimensional view of the upper part of
the section. Four subsections (N-1, N-2, SW-1 and SW-2) have been
logged in this gully (Figure 3).

Figure 3: Schematic diagram: the Rolling River section.
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Description of the Composite Section
The composite section, illustrated in Figure 4, has been constructed
from sections N-2, W-1, W-2, W-3 and W-4 (Figure 3). Figure 4 shows
the depth of each stratigraphic unit from the surface (m), thickness of
each sub-unit (cm) and a description of the sedimentary facies (texture,
structure and other unique characteristics).
A diamict (Sections W-3 and W-4, Unit XI) underlies the lacustrine
sediments attributed to Glacial Lake Proven. Fresh exposures are
moderately compact and olive grey brown in colour (Munsell Colour
Chart). Carbonates and shale represent the most common clasts, although
igneous and metasedimentary shield pebbles are also found. This diamict
is overlain by 0.73 m of rhythmites consisting of three layers of a silty
diamict alternating with clast supported coarse sand, granules and small
pebbles (Section W-3, Unit X). There are no pebble size clasts present in
the silty diamict. Unit X (W-3) is overlain by a 0.56 m sequence of deposits,
which exhibit five laminae of massive very fine sand and silt interspaced
by laminae of coarse sands and granules. Unit VIII in Sections W-1, W-2
and W-3 is a 2.14 m thick unit of laminated fine sands and silt interbedded
with at least 10 ironstained laminae (less than 1.0 cm thick) composed of
fine to medium sands and overlies Unit IX. An 8.0 cm thick traceable
marker bed (VIIIt) consisting of coarse sands and granules is found 0.77
m from the base of Unit VIII. Unit VII (W-1) is a 0.65 m thick sequence
of rhythmitic deposits consisting of a simple alternation of fine sand and
silt laminae interspaced by coarser sand beds. The upper 2.22 m of section
N-2 has been divided into six units for convenience of description. These
units could be combined into one unit of rhythmites consisting of seven
relatively thick laminae of massive fine sand and silt alternating with coarser
beds consisting of sands and gravels. Calcium carbonate precipitate gives
the four upper fine laminae (Units I, II, III and IV, section N-2) a whitish
grey colour.

Interpretation of the Composite Section
A supraglacial melting-ice facies (Unit XI, Zelena Formation; a meltout complex) is exposed at the base of the sequence (Figure 4). Klassen
(1979) suggests that the Zelena formation was deposited during the final
stages of glacial stagnation during the Late Wisconsinan. Consequently,
the Zelena formation represents the uppermost tills and intertill sediments
on the Riding Mountain Uplands. Oxidized Zelena till is usually yellowish
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Figure 4: A composite stratigraphic section: N-2, W-1, W-2, W-3 and W-4.
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brown or very dark grey brown in colour (Munsell Colour Chart). Fresh
(unoxidized) exposures are dark olive grey or very dark grey (Klassen
1979). The till is massive and of moderate compaction. The prominent
clasts in the till are typically the more resistant Interlake region carbonates
and shield metasedimentaries as the locally incorporated and softer Odanah
Shale clasts have been quickly crushed or abraded to matrix size or terminal
grade during glacial transport. Some larger shale clasts are evident but
difficult to remove without fracture, so it is difficult to determine a
percentage composition of shales. Carbonates constitute approximately
26% - 36% of the clasts (Klassen 1979).
Depositional evidence suggests that there was a rich sediment supply
into Early Glacial Lake Proven depositing a 1 m thick supraglacial
lacustrine complex that conveys an impression of alternating layers of
coarse sands and gravels and silty-clay diamict (Unit X, Figure 4). These
relatively coarse deposits (interpreted as Incipient Glacial Lake Proven
deposits) are overlain by a thick sequence of supraglacial lacustrine
bottomsets consisting of sands and granules and silty-clay rhythmites (Unit
IX, Figure 4), which fine upwards to a unit of fine-medium sands and silt
rhythmites (Unit VIII, Figure 4). These supraglacial lacustrine bottomsets
(Units IX and VIII) are interpreted as Early Glacial Lake Proven deposits
and mapped as the ‘Proven I Complex.’ Unit VII, a supraglacial lacustrine
complex consisting of alternating laminae of fine sand and silt and coarser
sands, represents the transitional phase from a supraglacial lacustrine
environment to the terminoglacial lacustrine environment as the ice-walled
lake expanded to the north and east.
In the upper part of the section, the deposits depict the characteristics
of a supraglacial lake-margin deposit (Units I, II, III, IV, V and VI, section
N-2, Figure 4). There is some regular lamination of the finer sand and silt,
evidence of coarse intercalations and material supplied by mass movements
(for example, between Unit II and III in section SW-2, Figure 3) or wash
off, and numerous dropstones. The presence of CaCO3 particulate in Units
I, II, III and IV suggests declining lake levels associated with periodic
drought or cold periods of reduced melt.

The History of Glacial Lake Proven
Early Glacial Lake Proven: Incipient Supraglacial Lake Sub-Stage:
Glacial ice covered the entire Riding Mountain area during the late
Wisconsinan (20,000 - 12,000 B.P.) with ice flow generally towards the
southeast (Klassen 1966). Waning and downmelting of the last ice advance,
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named the Falconer Ice Advance (Fenton et al. 1983), resulted in the
stagnation of glacial ice on the Riding Mountain Uplands, first on the
higher Eastern Uplands and later on the Western Uplands. The Horod
Moraine is believed to be the hinge point for this two-stage ice stagnation
model first postulated by (Klassen (1966). Meltwaters ponded over the
stagnant ice, creating small thermokarst supraglacial lakes (Ashley 1989)
and later an integrated network of ice-walled supraglacial lakes (McGinn
1991a). Klassen (1966) named the largest of these ice-walled lakes Glacial
Lake Proven.
Glacial Lake Proven was initiated as an elongated ice marginal lake
formed in a transition zone between the stagnating ice of the Eastern
Uplands and the neutral ice of the Assiniboine Lobe to the southwest (Figure
5a). Incipient Glacial Lake Proven drained towards the east paralleling
the eastern extension of the stagnating ice - Assiniboine Lobe transition
zone. The eastern ridge of the Horod Moraine was deposited at the
northwestern extension of this transition zone. Stratigraphic sections in
the moraine indicate that this feature is an ice marginal ridge (Jurgaitis
and Juozapavicius 1988) characterized by stratified and unstratified sands
and gravels, till inclusions and slump features.
Early Glacial Lake Proven: Supraglacial Lake Sub-Stage:
Early Glacial Lake Proven appears to be associated with the Horod
Moraine in that both features formed between the neutral ice to the south
and west (Assiniboine Lobe) and the stagnating ice of the Eastern Uplands
(Figures 5a and Figure 5b). Depositional evidence suggests that there was
a rich sediment supply with 5 to 8 m of silt to coarse sands exposed in two
stratigraphic sections east and southeast of the Eastern Ridge of the Horod
Moraine (Figure 2). The lithofacies and textural characteristics of the
sediments suggest that they were deposited and remained in a subaqueous
position. Some of the lacustrine deposits depict the characteristics of a
supraglacial lacustrine complex (Brodzikowski and Van Loon 1991), with
alternating layers of sands and silt. There is some regular lamination of
the finer sand and silt, evidence of coarse intercalations and dropstones.
Most of the sequence, however, can be classified as supraglacial lacustrine
bottomsets. Early Glacial Lake Proven drained over the stagnant ice into
the Otter Lake sub-basin and then eastward into the Upper Rolling River
- McFadden Valley - Polonia Trench spillway system (only the inlet to
this system is illustrated in Figure 5b). This spillway system was in
operation for a long period of time, probably throughout the history of
Glacial Lake Proven. At first the supraglacial meltwaters flowed east up
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Figure 5: History of Glacial Lake Proven.
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the regional slope to the edge of the Manitoba Escarpment and then
paralleled the crest of the escarpment draining south. The meltwater
channel rapidly entrenched into the substratum and a subaqueous fan was
deposited as the discharge entered a small supraglacial lake southeast of
Glacial Lake Proven. The entrenched Upper Rolling River - McFadden
Valley - Polonia Trench spillway is 53 m deep and over 1 km wide at
Polonia, Manitoba.
Glacial Lake Proven: Terminoglacial Lake Sub-Stage – the Upper
Rolling River Outlet:
The Early Glacial Lake Proven deposits (mapped as Glacial Lake
Proven I Complex, Figure 2) formed a steep bluff as the ice-wall northern
and eastern shore of the supraglacial lake retreated towards the north and
east (Figure 5c). Fluctuating water levels dropped by approximately 8 m,
but these Early Glacial Lake Proven supraglacial lake deposits remained
submerged beneath the waters of the enlarging lake. Glacial Lake Proven
was now twice as large as the early thermokarst lake, which reduced the
sediment per unit lake area ratio. Consequently, the lacustrine sediments
of the Glacial Lake Proven II Complex (Figure 2) are relatively thin and
in several places the underlying Zelena Till is exposed. To the north and
east the sediments are fine to medium sands of varying thickness, with
some regular lamination but more typically appear massive. To the west
and south, the deposits are characteristic of lake-margin deposits
(Brodzikowski and Van Loon 1991). There is some regular lamination of
the finer sand and silt layers, evidence of coarse intercalations and material
supplied by mass movement or wash-off, and numerous dropstones or
consolidated sand and silt balls.
The expanded Glacial Lake Proven was now topographically
controlled and draining through the Upper Rolling River into the McFadden
Valley - Polonia Trench spillway system (Figure 5c). A sandur plain formed
along the northern shoreline of Glacial Lake Proven. This proglacial
outwash merges with a glaciotectonic composite linear ridge and a series
of ice-shoved hills towards the east (Figure 5c).
Late Glacial Lake Proven: Terminoglacial Lake Sub-Stage – the Lower
Rolling River Outlet:
As downwasting of the ice continued, Glacial Lake Proven expanded
northward into the present day Clear Lake basin (Figure 5d). A major
subglacial inlet channel is evident in the Clear Lake area near the town of
Wasagaming (W, Figure 5d) and sheetflood depositional evidence near
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the Otter Lake sub-basin suggests that there was a flow reversal in the
Upper Rolling River outlet channel; perhaps associated with a jokulhlaup
discharge from a large ice-dammed supraglacial lake to the northeast
(Figure 5d). Consequently, Glacial Lake Proven could not drain eastward
into the Upper Rolling River - McFadden Valley - Polonia Trench system.
As lake levels rose, Glacial Lake Proven spilled over the debris covered
stagnant ice to the south. The overflow discharge rapidly cut a straight
channel through the stagnant ice and into the underlying till. Lake waters
could now drain southward down the freshly cut Lower Rolling River
Outlet (Figure 5d) into the ice marginal meltwater channel which had
formed along the northern flank of the Assiniboine Lobe (not shown on
the maps). Sediment supply increased during this time and approximately
2.25 metres of lake-margin sediments were deposited over the Early Lake
Proven sediments at the entrance to the Lower Rolling River Spillway.
Winter ice cover resulted in the sedimentation of thick laminae of fine
sand and silt, while coarser materials, dropstones and mass transported
diamicts characterize the sediments deposited under ice free conditions.
Within five years the lake level had dropped below the 625 m elevation,
exposing the Early Glacial Lake Proven deposits. It is believed that the
lake drained to the present day suite of sub-basin lakes relatively quickly
after the entrenchment of the Lower Rolling River Spillway, which is 20
m deep and 375 m wide.
Evidence of a topographically controlled eastern shoreline and an
undisturbed lake plain suggest that during the latter stages, the lake was
terminoglacial, formed over very thin stagnant ice based on glacial deposits.
Well-sorted terminoglacial lake-margin deposits have a limited areal extent
and are relatively thin. There is some regular lamination of the finer sand
and only occasional silt deposits. A melting ice facies (ablation till; Zelena
Formation) is exposed in other areas of the lake plain.

Summary
Four sub-stages in the history of Glacial Lake Proven have been
identified based on depositional units, correlation of outlets and associated
lake levels. The Rolling River section provides supportive evidence for
this temporal interpretation.
Early Glacial Lake Proven has two sub-stages. The Incipient
Supraglacial Lake Sub-Stage is characterized by a supraglacial lacustrine
complex that consists of alternating layers of sands and silt-clay (Unit X,
Figures 3 and 4). The Supraglacial Lake Sub-Stage is represented in the
Rolling River section by a thick sequence of supraglacial lacustrine
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bottomsets consisting of sand and silt rhythmites (Units IX and VIII
(Figures 3 and 4). A third sub-stage, identified as the Glacial Lake Proven
Terminoglacial Lake Sub-Stage draining through the Upper Rolling River
Outlet, is represented by Unit VII (Figures 3 and 4). This unit consists of
a supraglacial lacustrine complex of alternating laminae of fine sand and
silt and coarser sands. The final sub-stage, the Terminoglacial Lake SubStage of Late Glacial Lake Proven draining through the Lower Rolling
River Outlet, is represented by Units VI - I (Figures 3 and 4). These
supraglacial lake-margin deposits are characterized by regular lamination
of the finer sand and silt, evidence of coarse intercalations and material
supplied by mass movement or wash-off, and numerous dropstones.

Note
1

This description is from Klassen’s 1979 memoir where it appears on
map 1469a.
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