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Subglacial meltwater features in
central Saskatchewan
Nancy M. Grant, University of Manitoba

Abstract: The landscape in the Rural Municipalities of Viscount and
Wolverine in central Saskatchewan contains an assemblage of glacial
features that includes large-scale lobate gravel forms, discrete zones of
hummocky terrain, a rudimentary anabranching channel system, and
boulder-paved scour zones. These elements are associated with an ice
marginal environment during the final deglaciation of the area, although it
is unlikely that they are genetically related to the large-scale, integrated
system of proglacial lake and spillway development that characterizes the
Interior Plains. Using geomorphological and sedimentological evidence
it is concluded that the assemblage of features was formed by a turbulent,
non-channelized, subglacial flow event that issued from the glacier margin.
In the subglacial environment, this highly erosional event produced
morphologically distinct tracts of hummocky terrain and linear scours that
are densely covered with boulders. The rapid deposition of multi-modal
gravel in large lobate forms ensued as the flow moved from a subglacial
to a proglacial environment.

Introduction
The landscape of the Canadian Prairies is characterized by a
complex network of proglacial lake basins and deeply incised valleys
that developed as meltwater drained away from the southwest
margin of the Laurentide Ice Sheet. The evolution of the network
of spillways involved the impoundment of proglacial lakes along the
ice margin and their subsequent catastrophic drainage due to influxes
of large volumes of water and the opening of previously blocked,
topographically lower outlets (Kehew and Lord 1986; Lord and
Kehew 1987; Kehew and Teller 1994a). Landform assemblages,
however, commonly occur in suites of several genetic types.
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Different geomorphic forces operating at different times or a single
geomorphic force operating under different conditions may
contribute to the genesis of the various elements of a particular
landscape. The possible contribution of subglacial fluvial processes
to the evolution of the largely proglacial drainage system is one
example of the latter circumstance. In light of the growing body of
work identifying the significance of subglacial fluvial processes as
causal mechanisms in the formation of numerous features of the
Prairie landscape (Shaw and Kvill 1984; Shaw et al. 1989; Rains et
al. 1993; Sjogren and Rains 1995; Grant 1997), it is reasonable to
speculate that the subglacial and proglacial drainage systems may,
in some respects, be genetically linked.
The landscape in the Rural Municipalities of Viscount and
Wolverine in central Saskatchewan contains an assemblage of
glacial features that includes large-scale lobate gravel forms, discrete
zones of hummocky terrain, and a rudimentary anabranching channel
system. These elements do not appear to be genetically associated
with the larger scale integrated proglacial drainage system that
developed as the ice front receded from the region. Alternatively,
they formed during an earlier event as a highly turbulent, subglacial
meltwater sheet flow that issued from the glacier margin.

Regional Context
The Rural Municipalities of Viscount and Wolverine are located
on the central Saskatchewan Plains approximately 120 km southeast
of Saskatoon (Figure1). The study area is contained within the
Assiniboine River Plain (Acton et al. 1960) that forms a central
lowland bordered on the east by the Touchwood Hills Upland and
on the west by the Allan Hills Upland. The gently undulating to
rolling topography that ranges in elevation from 450 m to 600 m is
characterized by a combination of almost featureless plains and
hummocky terrain. Drift deposits in the area vary in thickness
from 1 m to more than 300 m (Greer and Christiansen 1963). The
most striking geomorphological aspect of the study area is its
relationship to the large-scale system of proglacial lakes and
spillways that formed during the final deglaciation of central
Saskatchewan.
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Figure 1: Location of the Rural Municipalities of Wolverine
and Viscount and the sites of exposures discussed in the text.
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Figure 2: Deglaciation of central Saskatchewan and the development
of the Plunkett Channel (adapted from Greer and Christiansen 1963).
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Kehew and Teller (1994a) provide a detailed synopsis of
proglacial lake and spillway development in central Saskatchewan
as it is currently understood (Figure 2). In their summation, the
development of the large spillways occurred subsequent to the
ponding of glacial Lake Saskatchewan, glacial Lake Elstow, and
glacial Last Mountain Lake in isolated basins along the ice margin.
With ice retreat these isolated basins were thought to have been
joined as spillways were formed. Glacial Lake Elstow formed
between the ice margin and the northern end of the Allan Hills.
Kehew and Teller (1994b) determined that the lake was ponded on
top of stagnant ice along its eastern margin and at its outlet. As
melting of the ice front progressed, an outburst flood incised the
Blackstrap spillway from glacial Lake Saskatchewan to glacial Lake
Elstow across a divide of stagnant ice and over the western edge
of the Allan Hills. During its early stages, glacial Lake Elstow was
drained by the south trending Lewis spillway on the eastern edge of
the Allan Hills, through the Last Mountain Lake valley and into the
Qu’Appelle River. As the ice lobe filling the Last Mountain Lake
valley retreated northward, the Lewis spillway was abandoned in
favour of the southeast flowing Watrous spillway as an outlet for
glacial Lake Elstow. In the interpretation of the deglaciation of the
area by Greer and Christiansen (1963), there was a subsequent
complex history of ice retreat and lake evolution that included the
development of major re-entrants and at least one episode of ice
readvance. Most of the meltwater flowing into the glacial Last
Mountain Lake was believed to have originated in the interlobate
area, though the Lewis spillway was also used (Greer and
Christiansen 1963). With further retreat, the glacier was interpreted
to have divided into two distinct lobes that had subglacial streams
issuing from minor re-entrants. In the interpretation of Greer and
Christiansen (1963), meltwater discharged from the northwestern
lobe through the Watrous spillway, as well as the more northerly
Plunkett channel. Kehew and Teller (1994b), however, reinterpreted
the formation of the Watrous spillway. They concluded that the
lobe of ice that occupied the Last Mountain Lake valley separated
from the still active glacier in the Saskatchewan Rivers Plain. The
Watrous spillway was then rapidly incised across a divide of stagnant
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Figure 3: The study area contains a suite of landform elements
including hummocky terrain, an extensively scoured zone, large-scale
lobate gravel deposits and the Plunkett Channel.

ice by a short-lived outburst that catastrophically drained glacial
Lake Elstow into glacial Last Mountain Lake.
The purpose of this study was to investigate the origin of the
suite of landform elements that are associated with the Plunkett
Channel to determine whether or not its formation was coincident
with the development and drainage of proglacial lakes during the
final deglaciation of the area. In addition to the Plunkett Channel,
there exist a series of large gravel lobes and distinctive tracts of
hummocky terrain that are elements in an assemblage of geomorphic
features that developed at the same time by the same formative
event (Figure 3).

Geomorphology of the Plunkett Channel and Associated Features
The Rural Municipalities of Viscount and Wolverine are located
north of the Lewis and Watrous spillways on the eastern edge of
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glacial Lake Elstow (Figure 2). The predominant surficial deposits
in this area include glaciolacustrine clay and silt, till, and till-lacustrine
melanges (Edmunds 1962). The margin of glacial Lake Elstow is
characterized by thin, discontinuous glaciolacustrine sediments that
occur in conjunction with more widespread glacial deposits. These
sediments grade into hummocky terrain composed of till and small
pockets of glaciofluvial material. The hummocky terrain near the
eastern margin of glacial Lake Elstow is highly variable in its
geomorphological characteristics. In the northwest portion of the
study area, the hummocky terrain has an average relief of
approximately 15 m and is characterized by closely spaced
hummocks that are separated by densely distributed, closed
depressions. Small areas of less that a few square kilometres of
flat-lying lacustrine deposits also occur. Many of the hummocks
have circular and near-circular rim ridges enclosing central
depressions at their apices. Generally, neither the hummocks nor
the depressions exhibit any discernible orientation and no overall
pattern within this zone is evident. It does, however, truncate an
area of higher relief hummocky terrain to the north. In the older,
higher relief terrain, lakes and small depressions have a large lengthto-width ratio and are arranged in parallel lines that have a northsouth orientation. The elevation is approximately 15 m higher than
the hummocky area to the south and west and the relief ranges
from 20 to 30 m.
The boundary between these tracts of hummocky terrain is
marked by a narrow zone of very distinct northwest-southeast
trending lineations. Linearly arranged lakes, depressions, and
hummocks are contained within a 2.5 km wide, concave trough
that is bounded on both sides by pronounced sharp-crested ridges.
The trough diverges at its southeastern extent into a zone of low
relief terrain that is characterized by a dense network of small
northwest-southeast trending grooves. The grooves vary in depth
and morphology from those with smooth, gently sloping sides to
those with sharply defined margins, steep slopes, and pitted floors.
The eastern margin of this scoured zone is sharply defined by a
series of large, flat-topped, lobate forms composed of coarse gravel
(Figure 4). The gravel lobes extend from north to south for a
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Figure 4: Aerial photograph of gravel lobes and scour zone in
the Rural Municipality of Wolverine showing the zone of scouring
(SC) and depositional gravel lobes (L), hummocky terrain (H) and
the Plunkett Channel (PC).

distance of 10 km and range in width from 1 to 2 km. The leading
edge of the lobes drops steeply 10 m to an extensive tract of eroded
till plain. The boundaries between individual lobes are marked by
elongate depressions that are very densely paved with boulders
and generally contain water (Figure 5).
The eastern margin of the zone of gravel lobes is very sharply
defined where it is superimposed on a north-south trending tract of
almost featureless, eroded till plain. A soil survey map of the area
shows that the soils associated with the eroded till plain are
predominantly Solonetzic (Mitchell et al. 1947). The most prominent
feature on the till plain is a series of sub-parallel, shallow, indistinct
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Figure 5: A large zone of intense scouring is located immediately west
of large lobate gravel deposits. The scours are characterized by
elongate, water-filled depressions that are located in low area between
adjacent lobes and a very dense surface boulder pavement.

meltwater channels that trend northeast-southwest. Some of the
channels are dry while others contain permanent and ephemeral
streams and lakes that presently drain toward the southeast. The
modern Wolverine Lake is the largest lake in the area and is contained
within the westernmost channel where the flow of water
southwestward is blocked by the superimposition of the lobate gravel
deposits. Aerial photographs also reveal the presence of largescale, slightly arcuate lineations that are concave toward the
northeast. Portions of the arcuate lineations are obscured by the
subsequent formation of the meltwater streams. These extremely
subtle variations appear on the ground as small circular depressions
that are less than 1 m in diameter and are paved with boulders.
The gravel lobes are bordered on the south by an east-west
trending channel that Greer and Christiansen (1963) referred to as
the Plunkett Channel (Figure 4). The channel has indistinct origins
approximately 18 km to the west near the eastern limit of glacial
Lake Elstow. The head of the channel, however, is separated from
glacial Lake Elstow deposits by a topographic high of hummocky
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Figure 6: The floor of the Plunkett Channel is characterized by
elongate erosional remnants that have a dense covering of large,
angular boulders.

terrain that is approximately 10 to 12 m higher than the glacial lake
bed and the channel. The mouth of the Plunkett Channel is composed
of a series of small channels with highly variable depths that
converge to form a more distinct channel that is approximately 4
km wide and 10 to 15 m deep. The floor of the Plunkett Channel is
characterized by low relief hummocks and numerous water-filled
depressions. Many of the hummocks have rim ridges and are linked
in chain-like patterns in some areas. At its eastern limit, the Plunkett
Channel abruptly widens and terminates at a position that is
coincident with the position of the gravel lobes. The distributary
channels are of varying depths though they share a common point
of termination. The eastern limit of the channel quickly becomes
indiscernible from the adjacent till plain. Near its eastern limit, the
northern margin of the channel is indistinct as it grades into the
southernmost gravel lobe while the southern margin curves slightly
toward the southeast in a series of deeper, narrower channels that
are defined by prominent erosional remnants. As with the gravel
lobes, the sediments associated with the channel are superimposed
on the eroded till plain to the east, obscuring the previously incised,
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small meltwater streams. The sediments in the Plunkett Channel
are almost entirely till and are everywhere characterized by a dense
surface cover of boulders (Figure 6). Only very small and isolated
deposits of gravel are located at the margins and mouth of the
channel.
The Plunkett Channel is separated from the trough in the
hummocky terrain to the north by a small, though discrete area of
hummocky terrain that exhibits little orientation in either its overall
extent or in the pattern of hummocks and depressions. The flow
that created the lobes and that which created the Plunkett Channel
merged to define the eastern limit of the non-oriented hummocky
terrain.

Sedimentology
To determine the origin of the glacial landforms in the Rural
Municipalities of Viscount and Wolverine it was necessary to
determine the relationship between the external form of the features
and their internal structure. Sedimentological information was
gathered by logging available exposures located in active gravel
pits and by collecting samples where appropriate. Comprehensive
maps and grain size data produced by the Saskatchewan Department
of Highways and Transportation were also used to provide
information from sites that are not presently accessible.
Site WOL-01:
Site WOL-01 (SW15-34-24-W2) is located in an active portion
of a large gravel pit near the southern margin of the lobate gravel
deposits. The exposure consists of 3 m of multimodal gravel
overlying till. The clasts are mainly granule and pebble size with
smaller amounts of cobbles. There is a very low proportion of sand
and smaller grain sizes and no sediments larger than cobbles. The
deposit is poorly sorted and composed of angular to subangular
clasts of predominantly carbonate and crystalline lithologies (Figure
7). With the exception of a slightly coarser upper unit that varies in
thickness to a maximum of 0.5 m, the deposit shows very little
variation in grain size from the surface to the base. Subtly defined,
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Figure 7: The sediments in the gravel lobes are multimodal gravels
that range in depth from 2 to 4 m and are generally very uniform
throughout the entire area. Paleoflow was from west to east (right to
left in the photograph).

large-scale cross-bedding indicates a palaeoflow direction from
west to east.
Site WOL-02:
Site WOL-02 (S15-34-24-W2) is a large Saskatchewan
Department of Highways and Transportation gravel pit that covers
an area of nearly 3.5 km2, though most of it is presently inactive.
The gravel pit is located 0.5 km west of exposure WOL-01. Grain
size data derived from test holes throughout the pit indicate that the
deposit is composed of very uniform gravel that shows little variation
either areally or with depth and that the observations made from
exposure WOL-01 are generally representative of the area. Most
of the deposit is composed of multimodal gravel that is dominated
by granule to cobble sized clasts with very little sand and finer
material or material larger than cobbles. Sand, where it does occur
in significant amounts, is restricted to scattered pockets along the
margins of the lobate forms. The only areas that contain boulder
sized clasts are those that are composed of till to the surface with
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no overlying stratified sediments. These areas of till are located
near the proximal end of the lobes and are associated with northwestsoutheast trending grooves that extend into the area of the lobes.
Variations in the thickness of the gravel correspond to the
morphology of the lobate forms. The thickest units of gravel are at
least 4 m and occur near the eastern margin of the lobes. The
gravel occurs as a thin surface covering between the lobes and
near their proximal ends in the west.
Site WOL-03:
Site WOL-03 (NE35-34-24-W2) is a rehabilitated
Saskatchewan Department of Highways and Transportation gravel
pit located near the northern margin of the gravel lobes. While no
exposures are available, test hole data indicate that the sediments
are very similar to those further south. Up to 4 m of very uniform,
multimodal gravel rests on till. The thickness of the gravel varies
from 0.4 m to 4 m with a general thickening of the deposit from
west to east. Pockets of finer deposits that are composed primarily
of sand are restricted to the eastern distal portion of the lobe. Test
holes located within a groove that separates the gravel pit from the
lobe to the south are composed of till with no overlying stratified
material.
Site WOL-04:
Site WOL-04 (SE1-35-24-W2) is located 0.5 km north of site
WOL-03 in a small gravel pit at the northern edge of the gravel
lobes. Again, poorly sorted, multimodal gravel dominated by granule
to cobble sized clasts rests on till. The lobe in this area has a westeast extent of less than 0.5 km. At the margins of the lobe the
surface materials are composed of till. The morphology of the lobe
is characterized by boulder covered west-east trending ridges and
swales.
Site WOL-05:
Site WOL-05 (NE23-34-24-W2) is located on the flat surface
of a large lobe approximately midway between the northern and
southern limits of the lobes. The lobate forms in this area are large
and very clearly defined. The lobes have steep eastern margins
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that drop steeply 10 to 20 m to the eroded till plain to the east. The
gravel deposits are similar to other areas. They are poorly sorted,
multimodal sediments dominated by granule to cobble sized clasts
that overlie till. The western edge of the deposit is defined by large,
deep scours that are paved with boulders. To the north and south,
the lobe is separated from adjacent lobes by narrow grooves that
are composed of till.

Discussion
The lobate gravel deposits and the associated rudimentary
anabranching channel system in the Rural Municipalities of Viscount
and Wolverine are interpreted to be late-glacial features. While
they are likely associated with deglaciation and an ice marginal
environment, it is unlikely that they are associated with the largescale, integrated system of proglacial lake and spillway development
that characterizes the Interior Plains (Kehew and Teller 1994b).
The gravel deposits do not have the characteristics of typical
glaciofluvial facies that might be expected in such an environment.
Commonly occurring subaqueous fans that develop as meltwater
streams flowed into ice-marginal lakes are generally characterized
by well-developed bottomset, foreset, and topset deposits (Reineck
and Singh 1986). These sedimentary units are notably absent in the
deposits in the study area. Nor do the lobate gravel deposits exhibit
the proximal to the distal transition from coarse-grained glaciofluvial
sediments to fine-grained glaciolacustrine sediments that are typical
of deltas. Glaciofluvial subaqueous fan deposits also
characteristically exhibit lakeward progradation and a pattern of
migration that produces overlapping sediment lobes. The resultant
feature is typically a narrow fan-shaped ridge (Reineck and Singh
1986) which again is in sharp contrast to the broad lateral extent of
the gravel lobes and their minimal overlap.
Similarly, the lobate gravel deposits do not have the
characteristics of subaerial deposition in an outwash plain or sandur
deposit. These types of deposits begin where glacial meltwater
streams form braided outwash plains and fans (Reineck and Singh
1986). As a stream fans out from a point source most of its coarse
load is deposited in a low-slope flood fan. Where multiple meltwater
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streams form, individual fans may coalesce to produce a broad,
gently sloping plain that is incised by the streams. The outwash
plains, therefore, are composed of stratified glacial sediments
transported and deposited in bars and channels by fluvial action.
As with subaqueous fans, there is a marked, though not necessarily
uniform, decrease in grain size and an increase in pebble roundness
in a downflow direction away from glacial deposits. The outwash
deposits are typically characterized by poor to moderate sorting,
rapid alternation of beds that vary in degree of sorting, abundant
scour and fill structures, and multimodal grain size distributions.
With glacier retreat, outwash plains are deposited successively over
glacial deposits (Reineck and Singh 1986).
Ice contact features composed of glaciofluvial stratified
sediment, such as kames, also commonly occur in the Interior Plains.
Kames are mound-like features that occur in isolation or in groups
that are deposited near the ice margin under the influence of flowing
water. The steep-faced mounds of stratified material are left on
the landscape as the ice recedes. Typically the sedimentary structure
of the kame deposits conform to the outer shape of the mound in a
concentric peel pattern with abundant penecontemporaneous
deformation structures (Reineck and Singh 1986).
In contrast to these commonly occurring types of features, the
lobate gravel deposits in the Wolverine and Viscount area are notable
for their marked uniformity in grain size diameter and distribution
with little lateral or longitudinal variation. In addition, the gravels
lobes do not have the distinctive elements of subaqueous or subaerial
fans or ice-contact features in either internal structure or external
morphology. The sediments in the lobes are weakly stratified,
multimodal gravels that are primarily granule to cobble size with a
small fraction of finer than sand-sized particles. The multimodal
grain size distribution and lack of obvious bedding represents an
environment of continuous deposition of bedload and suspended
load with a continuum of sizes (Shaw and Gorrell 1991). The deposit
represents a high energy facies with a powerful, unidirectional flow
that rapidly deposited the gravel lobes during a single, short-lived
event. There is no obvious evidence of a point source for the
meltwater or of divergent and overlapping flows that would be
expected in the case of a subaqueous fan or an outwash plains.
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The lobes in this case were simultaneously formed, in contrast to
the multiple lobes of fans that form in response to changing flow
conditions. There is no geomorphic evidence that the deposition of
the gravel was related to a strongly channelized flow.
In addition, there are no deformation structures in the sediments
indicating that the subsequent glacial action evident in most ice
contact features did not occur. The very sharply defined lobate
forms at the eastern margin of the deposit indicate a very abrupt
cessation of the formative flow. Deposition may have occurred in
a subaqueous or subaerial environment. The preservation of the
steep-fronted lobate form and the lack of evidence of reworking by
fluvial or lacustrine processes subsequent to the deposition of the
lobes suggests that deposition in a subaerial environment was more
likely.
Further evidence for a high energy, turbulent, non-channelized
flow of water as the formative mechanism of the gravel lobes lies
in the boulder-paved depressions immediately upflow of the lobes.
The orientation of the longitudinal depressions between the individual
lobes indicates a flow direction approximately from west to east in
accordance with the palaeoflow that deposited the gravel. Fluvial
erosion is the only process that could have had the sorting capability
to form the boulder lag. Furthermore, the size of the boulders
indicates that the flow must have been very vigorous. The depressions
are scour zones that are, at least in part, the source area for the
material in the gravel lobes. The density of the surface boulder
pavement indicates that large amounts of diamicton were eroded
and removed from the area during the formative flow. Predominantly
granule to cobble sized material with minimal amounts of finer
sediments were immediately deposited forming the lobate features.
The meltwater flow that scoured the terrain and deposited the gravel
was not channelized, but instead was a sheet flow that was at least
as wide as the 10 km north-south extent of the scoured area.
The area of gravel deposition is very sharply defined indicating
an abrupt change in flow conditions that caused a sudden decrease
in the competence of the flow to carry its sediment load. Such
conditions could arise from the sudden release of constrained water
and subsequent flow expansion. There is no geomorphological
evidence to suggest that meltwater was released by the breaching
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of morainal deposits. Furthermore, the separation of the area of
scouring from proglacial lake deposits to the west by a topographic
high of hummocky terrain eliminates the catastrophic drainage from
a proglacial lake as the source of the flow. Alternatively, the required
conditions of flow could have been produced by the release of a
subglacial, englacial, or supraglacial reservoir of meltwater from
the ice sheet. Such a flow moving toward the ice margin, under
conditions of high pressure and high velocity, would be expected to
be highly erosive. Upon reaching the ice margin, the meltwater
would continue unrestrained in a jökulhlaup-type flow. Sharpe and
Cowan (1990) described comparable conditions in their interpretation
of stratified end moraines in northwestern Ontario where
widespread outbursts of subglacial meltwater are hypothesized to
have flowed into glacial Lake Agassiz, depositing broad and
coalescing subaqueous lacustrine fans.
The source of the meltwater flow that deposited the gravel
lobes in the Wolverine and Viscount area is difficult to determine
due to the lack of geomorphological evidence. Such evidence would
not necessarily exist if the source of the water was subglacial or
englacial. The erosive activity of the water, however, would be
expected to be in evidence in areas adjacent to the zone of intense
scouring and subsequent deposition. The variation in the character
of different zones of hummocky terrain upflow of the gravel lobes
may also be due to the subglacial meltwater flow. The tract of
hummocky terrain immediately west of the gravel lobes is
characterized by a dense, poorly integrated network of small-scale,
rudimentary channels and a larger groove and ridge morphology at
its northern margin. The overall orientation of the channels and the
groove is generally from west to east. Most significantly this area
truncates a zone of higher elevation and higher relief hummocky
terrain to the north that has prominent north-south trending lineations.
The truncation of the northern zone of hummocky terrain suggests
that the landscape was produced by erosional processes. The
development of the rudimentary channels and the relationship
between the hummocky terrain and the zone of scouring and gravel
deposition suggests that fluvial processes were also responsible for
the formation of the hummocky terrain. There are no
sedimentological data available from the hummocky terrain in this
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portion of the study area to confirm that the hummocks are in fact
erosional features. Investigations in other regions (Rains et al. 1993;
Munro et al. 1996; Grant 1997) however, do suggest that subglacial
fluvial erosion was a possible formative agent of hummocky terrain.
The surface on which the gravel lobes were deposited provides
further indications of the repeated occurrence of turbulent
sheetflows of subglacial meltwater. The gravel lobes are
superimposed on a north-south trending tract of eroded till plain.
The plain is very flat and almost featureless with the exception of
very low relief, slightly arcuate transverse ridges and shallow, circular
scours. The scours are preferentially located within swales between
subparallel ridges. The ridges are interpreted to be remnants
resulting from the erosion of the intervening swales. The dense
network of small, shallow, generally circular scours are paved with
boulders indicating a very high energy, turbulent formative flow.
The absence of surface sorted sediments indicates that the eroded
material was completely removed from the area.
The only significant subsequent modification of the till plain
was the incision of a series of small-scale, shallow, subparallel
meltwater channels that trend northeast to southwest. The meltwater
channels cross cut the transverse lineations and therefore formed
at some time after the ridges. The meltwater channels contain
modern lakes and ephemeral streams that generally do not drain
out of the area. The development of the meltwater channels may
be associated with deglaciation and a progressively westward
retreating ice lobe as interpreted by Edmunds (1962) and Greer
and Christiansen (1963). A subglacial flow of meltwater, however,
cannot be discounted as a possible origin for the channels.
Regardless of the process that incised the meltwater channels, their
development occurred prior to the event that scoured the terrain to
the west and deposited the gravel lobes. The gravel lobes are
superimposed on portions of the meltwater channels, disrupting the
southwestward flow of water. Reincision of the channels did not
occur subsequent to the deposition of the gravel lobes.
The formation of the Plunkett Channel represents the
progressive channelization during the waning flow stage of the initial
subglacial sheet flow event. Shoemaker (1992a, 1992b)
hypothesized the transition of subglacial sheet flows to tunnel
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channels due to the inherent instability of sheet flows induced by
lateral pressure gradients. Sjogren and Rains (1995) describe a
network of integrated channels in east-central Alberta that were
interpreted to have formed in a subglacial environment under
hydrostatic pressure by a single, highly erosive, meltwater flow.
The channels are characterized by varying degrees of anabranching
and highly variable sizes, shapes, and orientations. Longitudinal
grooves, abundant boulder deposits, composite and residual
streamlined hills indicate formation by the flow of highly turbulent
water. The position of the channels on top of a modern drainage
divide, evidence of reverse gradients, and localized glaciotectonic
features induced by pressure from overlying ice were interpreted
to indicate a subglacial origin for the channels.
The Plunkett Channel is a short, relatively broad meltwater
channel which was formed by the same event that deposited the
gravel lobes. The indistinct head of the channel is separated from
lacustrine deposits to the west by a topographic high that does not
appear to be breached at any point along its length. The flow that
eroded the Plunkett Channel, therefore, was likely initiated in a
subglacial or englacial environment. In contrast to the head of the
channel, the distal portion is deeper and has better defined margins.
The floor of the channel in all areas, however, is characterized by
densely spaced hummocks and depressions and smaller, poorly
defined subchannels that were formed by more intense erosion.
The Plunkett Channel widens abruptly at its mouth and diverges
into a series of more distinct subchannels that are separated by
large, streamlined erosional remnants and a narrow zone of gravel
deposition. The gravel deposits are superimposed on the northeast
to southwest trending meltwater channel that was previously incised
into the adjacent till plain. The gravel deposits at the mouth of the
channel quickly terminate where they are superimposed on the
eroded till plain. These characteristics of the mouth of the Plunkett
Channel coincide with comparable aspects of the scoured zone and
gravel lobes to the north.
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Summary and Conclusion
The gravel lobes in the Rural Municipalities of Wolverine and
Viscount represent a depositional event that is related to the larger
scale erosion of the immediate upflow landscape by a turbulent
sheet flow and the erosion of the laterally adjacent Plunkett Channel
by a highly turbulent channelized flow. The sediments in the lobes
indicate a depositional environment of high velocity and rapid
sedimentation. The source for the gravel was the glacial sediments
immediately upflow. The most intense erosion occurred at the
western margin of the lobes that resulted in large elongate scours
that are paved with boulders. Less intense erosion produced the
hummocky terrain at least as far as the higher ground that separates
it from the hummocky terrain and lacustrine deposits approximately
25 km to the west. The width of the sheet flow that eroded the
landscape was at least as wide as the zone of gravel deposition.
The gravel lobes appear to mark the northern extent of the sheet
flow as indicated by its relationship to the immediately adjacent
tract of older hummocky terrain to the north. The southern limit,
however, is more difficult to discern. It may correspond to the
Plunkett Channel, or the Plunkett Channel may have been incised
into a portion of the landscape that was influenced by the sheet
flow. South of the Plunkett Channel the effects of the sheet flow
may grade imperceptibly into the surrounding hummocky terrain.
The Plunkett Channel represents channelized flow that would be
expected to occur during the waning flow of the sheet flood.
The geomorphological relationships between the various
elements of this landscape provide evidence for the likely sequence
of events that shaped the landscape. The fluvial erosion of the till
plain upon which the gravel lobes and mouth of the Plunkett Channel
are superimposed occurred when ice covered the region.
Subsequent to the creation of the eroded till plain, very little further
geomorphic activity shaped the landscape until the deposition of the
gravel lobes. The northeast to southwest trending meltwater channels
are very shallow and narrow and were likely formed as meltwater
drained along a retreating ice margin or at some time under the ice
prior to the deposition of the lobes. The lobate form of the gravel
deposits indicates a very abrupt change in the flow conditions that
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eroded the hummocky terrain and the scours. They represent
conditions of sudden flow expansion and a consequent reduction in
the capacity for the flow to transport its sediment load. Such
conditions might be expected to develop as water driven under
hydrostatic pressure in a subglacial environment issued from the
ice front into a subaerial or subaqueous environment. Given this
interpretation, the position of the ice front would, therefore,
correspond to the position of the zone of intense scouring and the
proximal end of the gravel lobes. Similarly, the flow through the
Plunkett Channel was highly erosive through the portion that was
incised in a subglacial environment. Erosional remnants, differential
scouring and a dense boulder lag throughout the channel with minimal
deposition were caused by a highly turbulent flow. As the
channelized flow reached the ice margin, abrupt flow expansion
caused a reduction in velocity and the deposition of the coarsest
fraction of the sediment load. The finer material was transported
away from the area by the meltwater flow event.
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