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Outburst flood in the upper Rolling River
spillway, Riding Mountain uplands, Manitoba: a
physiographic and sedimentological appraisal
R.A. McGinn and K. Zaniewski, Brandon University.

Abstract: The Upper Rolling River valley represents the eastern segment of a
prominent spillway complex that initially drained supraglacial lakes on the Riding
Mountain Uplands. It is speculated that a large supraglacial lake located to the
northeast of the Upper Rolling River Spillway spilled over the stagnant ice to the
southwest. The jökulhlaup-like flows poured into the Upper Rolling River Spillway
backflooding into Glacial Lake Proven and effectively shutting down the primary
outlet of the supraglacial lake. This paper examines the physiography of the Upper
Rolling River Spillway and the sedimentary facies exposed in both the Upper
Rolling River borrow pits and the Scandinavia gravel pit in order to assess the
possibility that an outburst flood reversed the late Wisconsinan supraglacial flow
in the Upper Rolling River Spillway. Physiographic, depositional and stratigraphic
evidence supports the occurrence of a major late Wisconsinan flooding event in
the Upper Rolling River valley. Over two metres of valley fill, an associated
Hjulstrom-type delta and paleocurrent indicators suggest that the supraglacial
flow was reversed in the Upper Rolling River Spillway system.

Introduction
In the early 1960’s R.W. Klassen mapped the surficial deposits of a
major portion of the Riding Mountain Uplands, specifically, the Northern,
Western and the western half of the Eastern Uplands and proposed a late
Wisconsinan deglaciation scenario for the region (Klassen 1966). The
proposed deglaciation sequence, however, remained in the original doctoral
thesis and was not published elsewhere. Mihychuk and Groom (1979)
published a preliminary mapping of the surficial deposits of the
southeastern segment of the Eastern Uplands and throughout the last 25
years, McGinn has conducted field mapping in the Eastern and Western
Uplands. Many of Klassen’s sites were revisited as well as prominent
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exposures marked on the Mihychuk and Groom preliminary map.
Following this remapping, McGinn (1991) published a reconstruction of
the late Wisconsinan deglaciation of the Riding Mountain Uplands as it
pertained to the development and draining of prominent supraglacial lakes
in the region.
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 1979). Waning and downmelting of the last ice advance,
the Falconer Ice Advance (Fenton et al. 1983), resulted in the stagnation
of glacial ice on the Riding Mountain Uplands. The Horod Moraine (Figure
1) is believed to be the hinge point for a two-stage ice stagnation model
first postulated by Klassen (McGinn 2002). Meltwaters ponded over the
stagnant ice on the Eastern Uplands, creating small thermokarst
supraglacial lakes and later an integrated network of ice-walled supraglacial
lakes (McGinn 1991). Klassen (1966) named the largest of these icewalled lakes Glacial Lake Proven (Figure 1). Glacial Lake Proven appears
to have begun as a small shallow ice marginal lake formed between the
glaciofluvial marginal ridge the “Horod Moraine” and the stagnating ice
of the Eastern Uplands (McGinn 1991, 2002).
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 (Figure 1). 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
eastward up the regional slope to the edge of the Manitoba Escarpment
and then paralleled the crest of the escarpment, draining southward
(McGinn 1991). 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 (McGinn1991).
An intriguing aspect of the deglaciation sequence proposed by McGinn
(1991, 2002) is a flow reversal that occurs in the upper Rolling River
Spillway. It is suggested that a glacial outburst flood accounts for the
abandonment of the primary outlet through the Upper Rolling RiverMcFadden Valley-Polonia Trench to the Lower Rolling River outlet and
current drainage (Figure 2 and 3). This event, a jökulhlaup, could have
been caused by the sudden drainage of an ice/sediment-dammed lake,
collapse of a subglacial meltwater reservoir or supraglacial lake overflow
and its associated rapid ice/sediment channel incision. Although scanty,
the evidence for this critical event is based on spillway channel
physiography; paleocurrent observations taken from borrow pits in the

Figure 1:Surficial deposits in the Glacial Lake Proven basin and the McFadden Valley and Polonia
Trench.
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Figure 2:Flow reversal in the Upper Rolling River Spillway System.

Upper Rolling River Spillway and from the measurements and descriptions
of sections in the Scandinavia Pit (Figure 3).
The purpose of this study is to assess the possibility of an outburst
flood reversing the late Wisconsinan supraglacial flow in the Upper Rolling
River Spillway by re-examining the physiography of the Upper Rolling
River Spillway and the sedimentary facies exposed in the Upper Rolling
River borrow pits and the Scandinavia gravel pit.

Figure 3: The Upper Rolling River Spillway System.
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Spillway Physiography
The Upper Rolling River Spillway may be subdivided into three valley
reaches and a storage basin: the Muskrat Creek valley, the Rolling River
valley, the Proven Lake basin valley linkage and the Otter Lake storage
basin (Figure 3). McGinn’s outburst flood (McGinn 1991, 2002),
theoretically, would not affect the Muskrat Creek valley as the flow waters
entered the spillway downstream of the Muskrat Creek interfluve. The
flood, however, would impact on the Rolling River reach and perhaps the
Proven Lake basin valley linkage. It could be argued that if the Otter
Lake basin accommodated some of the discharge and attenuated the flow,
the Proven Lake linkage might not have been significantly eroded.
Table 1 summarizes the reach and storage basin geometric parameters
of the Upper Rolling River Spillway. The data were derived from the
National Topographic Database and included a hypsometric elevation layer.
The Spatial Analyst extension of the ArcGIS 8.2 was used to generate the
TIN surface representation and to obtain numerous morphometric
measurements, summarized in Table 1. The area analyzed corresponds
with the NTS map sheet 62J12.
The physiography of the Upper Rolling River Spillway indicates that
the 9-11m scoured depths in all three reaches are for the most part identical
(Table 1), not an unexpected result since base level was probably unaffected
by the supraglacial lake outburst. The width of the Rolling River valley
Table 1: Physiography of the Upper Rolling River Spillway System.
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segment, however, is twice that of Muskrat Creek valley and twice the
width of the Proven Lake basin linkage valley (Table 1), suggesting greater
lateral scour has occurred in the Rolling River valley. What accounts for
the greater volume of erosion in this reach? It could be argued that it was
associated with the outburst flood and that much of the scoured material
was deposited in the Scandinavia outwash fan (Figures 2 and 3) as the
flow entered the rising waters in the Otter Lake sub-basin (McGinn 1991).
Storage in the Otter Lake sub-basin has been calculated to exceed
205,000 dam3 if post-outburst water levels were to rise seven metres from
the current lake level (618 m) to 625 m elevation (Table 1). This storage
value certainly would not contain the theoretical outburst flood but could
attenuate the flow and back flood into Glacial Lake Proven. This could
perhaps result in the raising of a non-supraglacial lake level to the
topographic divide of 624 m, and spill down the Lower Rolling River. It
is probable that the water levels in the Otter Lake sub-basin achieved
631m (4 m above the fan surface). Storage capacity at 631m elevation
was estimated to be 683,000 dam3 (Table 1). In this scenario, it is possible
that back flooding could raise Glacial Lake Proven water levels above the
supraglacial topographic divide.
The Scandinavia deposit (Mihychuk and Groom 1979) has the
planimetric shape of a composite sandur or Hjulstrom-type delta deposited
by northeastern and western flows entering the Otter Lake sub-basin
(Figures 1, 2 and 3). Hjulstrom-type delta is a gently sloping, shallow
water (subaqueous)-landform deposited at the distal end of a sandur plain
(Benn and Evans, 1998).

Sediments in the Upper Rolling River Spillway
Upper Rolling River Borrow Pits:
The Upper Rolling River borrow pit (> 2m of fluvial sands and gravels)
mapped by McGinn in 1989 has been landscaped. However a second
borrow pit recently excavated in the lower reaches of the Kerr Creek
exposed a 2 m thickness of fluvial sands and gravels. While there was no
evidence of small-scale paleocurrent indicators (ripples, dune foresets etc.),
the sand and gravel plane beds dip slightly towards the west. Pebbles
were elongated down flow towards the west and the a-b planes paralleled
the sedimentary surface.
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The Scandinavia Pit:
The Scandinavia Pit exposes the sedimentary sequence deposited in
the northern part of the Scandinavia deposit (Figure 2). The site was
visited on five different occasions. Observations and photographs were
taken. Four stratigraphic sections were described and textural, lithological
and fabric samples were collected. The Scandinavia Pit can be subdivided
into four working units: the inactive Far East Pit, the Northeast Pit, the
Southeast Pit and the newly exposed and active West Pit (Figure 2). The
Far East and Southeast pits have been inactive for many years. There
appears to be no information available from the Mihychuk and Groom
(1979) or Groom (1980) mappings. McGinn visited the Northeast Pit in
1989. Two photographs and west wall section notes are available for
evaluation.
The Northeast Pit: Description and Interpretation of the Stratigraphic
Section:
The general description of the west wall of the Northeast Pit (Appendix
I) is derived from 1989 notes, sketches and photographs. Three
stratigraphic units are described. Unit 1 is interpreted as a fluvial or
glaciofluvial deposit of fine to medium gravels with well-sorted sand lenses.
Unit 2 is described as a diamict-type deposit, a glacial till (melting ice
facies), or more likely a mass transport deposit, perhaps laid down in an
aqueous environment (a “flowtill”). Unit 3 is interpreted as massive
glaciofluvial (ice contact) sands and gravels. Paleocurrent indicators (dune
foresets) suggest a flow towards the west or southwest.
The West Pit: Description and Interpretation of the Stratigraphic
Sections:
Four stratigraphic sections in the active West Pit were mapped, two
along the south wall (S1 and S2) and two along the west wall (W1 and
W2). Later the four sections were combined to produce a south wall view
(S), a west wall view (W) and a composite stratigraphic section (Appendix
II and Figure 4).
Three stratigraphic units have been identified. Unit 1 is described as
a fining upwards, stratified, horizontally laminated deposit of sand and
gravel. The a-b planes of flattened clasts parallel the sedimentary surface.
The unit is interpreted to be a transition from terminoglacial deltaic
complexes and or topsets of an Hjulstrom-type delta to a terminoglacial
fluvial facies (stream deposits).
Unit 2 is a 1.5m thick diamict-type deposit. The deposit is massive
and unsorted but can be sub-divided into five relatively distinct sub-units.
The matrix composition generally fines upward. The largest cobbles and
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Figure 4:A composite stratigraphic section of the Scandinavia gravel pits.
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boulders, however, occur at the top of the unit. Most of the fines appear
to have been washed out during transport as the matrix composition is
described as very coarse gravels to coarse sands. Clast fabrics in Unit
2B2 show a strong NNE to SSW fabric. Fabrics in Unit 2B1 are bidirectional, ENE to WSW and perpendicular to the primary direction (ESE
to WNW). The unit is interpreted to be a subaqueous mass transport
facies, a high concentration debris flow.
Unit 3 is a supraglacial fluvial or terminoglacial fluvial facies. The
fluvial complexes and streamflood deposits are a poorly sorted massive
coarse-grained deposit with gravel or diamict-type mixtures. Clast
imbrications, particularly at the base of the sediment are indicative of the
presence of strong currents. The deposits are associated with high-energy
flow conditions and rapidly changing flow regimes. Waning flows result
in a general fining upward.

Interpretation and Discussion
The sedimentary sequences exposed in the Scandinavia pit are
interpreted to represent a transition from supraglacial/terminoglacial fluvial
complexes and/or streamflood deposits to deltaic complexes and or topsets,
themselves transitioning to a fluvial facies as flows subsided and lake
levels began to drop. The lower part of the sedimentary sequence (Unit 3)
is similar to the vertical lithofacies profiles of Icelandic “limno-glacial
jokulhlaup sandurs” described by Maizels (1993). This general sequence
has been interrupted by a significant mass transport intercalation that
probably occurred as water levels rose in the Otter Lake sub-basin.
The thick diamict type intercalation may be a subaqueous debris flow
associated with the outburst (a sediment-laden dam), erosive oversteepened
valley sides, or from a large iceberg. The low percentages of fines and
moderate to strong fabrics indicate a subaqueous mass transport under
strong current conditions.
As water levels rose in the Otter Lake sub-basin, the sheetflood
deposits transitioned to a subaqueous Hjulstrom-type delta complex and
or topsets characterized by stratified coarse sands and gravels. Later, as
water levels subsided, perhaps due to the opening of a lower elevation
outlet to Glacial Lake Proven, the upper part of the delta became subaerial
and terminoglacial stream sediments were deposited.
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Summary and Conclusions
The purpose of this study is to assess the possibility of an outburst
flood reversing the late Wisconsinan supraglacial flow in the Upper Rolling
River Spillway. Physiographic, depositional and stratigraphic evidence
supports the occurrence of a major late Wisconsinan flooding event
(perhaps an outburst flood) in the Upper Rolling River valley. Associated
paleocurrent indicators, an Hjulstrom-type delta, and more than two metres
of valley fill indicate that the supraglacial flow was reversed in the Upper
Rolling River Spillway system. Whether this event resulted in a significant
backflooding into Glacial Lake Proven and the opening of a lower outlet
remains speculative.
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Appendix I
Section of the Northeast Pit (West Wall):
Derived from notes, sketches and photographs.
Three stratigraphic units are described.
Unit 1A
Approximately 50 cm thick. Matrix supported fine-medium gravels.
Unit 1B
Approximately 50 cm thick. A progressive non-erosive contact with
1A. Stratified fine to medium gravels with well-sorted sand lenses.
A fluvial facies (plane beds) with alternating flow regimes. Bird holes.
Unit 1C
Approximately 40 cm thick. A progressive non-erosive contact with
1B. A coarse gravel matrix transition to 1B. A few sand lineations.
No bird holes.
Unit 2
Variable thickness (10 cm -50 cm). An erosive contact with 1C. A
diamict type deposit coarsening upward. Very poorly sorted. Cobbles/
boulders and large clasts of shield metasedimentary or Interlake
carbonate lithologies occur near the top of the unit.
Unit 3
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Greater than 1.0 m thick. An erosive contact with Unit 2. Massive
glaciofluvial (?) coarse sands and gravels. Lenses of sand, 10 to 20
cm thick, are common in the matrix-supported medium to coarse
gravels. Paleocurrent indicators (dune foreset beds in the sand lenses)
suggest a flow towards the west and southwest.

Appendix II
The composite section of the West Pit (South Wall and West Wall):
Unit 1 interpreted to be a deltaic topset to fluvial facies transition and
has been sub-divided into three sub-units.
0.0 Unit 1A
Approximately 40 cm thick. Matrix supported silt/fine sand with
fine-medium gravels lineations. A gradational boundary to 1B. No
bird holes.
0.5 Unit 1B
Approximately 1.0 m thick. A progressive non-erosive contact with
1A. Stratified medium to fine gravels with well-sorted sand lenses. A
fluvial facies (plane beds) with alternating flow regimes. Bird holes.
Bird holes tend to be constructed in the sand lenses. The floor of the
bird holes tends to be finer sands, silt or gravel size clasts. There are
no apparent sedimentary structures, deformation structures or
paleocurrent indicators.
1.45 Unit 1C
Approximately 0.05 - 0.1m thick. A progressive non-erosive contact
with 1B. A coarse gravel matrix transition to 1B. No bird holes.
There are no apparent sedimentary structures, deformation structures
or paleocurrent indicators.
1.50 Unit 2A
1.50Unit 2A is interpreted to be a washed over diamict type deposit.
Variable thickness, approximately 0.15-0.25m thick. An erosive
contact with 1C. Cobbles/boulders and large clasts. All cobble/
boulder size clasts are of shield metasedimentary or Interlake
carbonate lithologies. The matrix Graphic Mean size [(f84 + f50 +
f16)/3] (Folk and Ward 1957) is approximately +0.05f, (0.96mm
diameter). The matrix median size is +0.40f, (0.75mm). The Graphic
Standard Deviation [(f84 - f16)/2] (Folk and Ward 1957), which can
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be interpreted as a sorting coefficient is equal to 3.52 f units. The
sample contained only 6% by weight fines.
1.70 Unit 2B
1.70Unit 2B is approximately 0.7-0.9 m. thick and is sub-dividend
into two sub-units. The unit is interpreted to be a subaqueous mass
transport flow.
Unit 2B1
Variable thickness, approximately 0.3-0.4m thick. A progressive nonerosive contact with 2A. A diamict type deposit fining upward with
occasional gravel stringers. The matrix Graphic Mean size is
approximately +0.22f (0.84mm). The matrix median size is +0.75f
(0.60mm). The Graphic Standard Deviation is 3.45 f units, very poorly
sorted (Folk and Ward 1957). The sample contained approximately
9% by weight fines and fewer clasts and cobbles than 2A. The obvious
higher moisture content as evidenced by a darker colour and a wetter
feel may be attributed to the higher percentage of silt and clay than
any other sub-unit. A bi-directional fabric. Primary azimuths of 60o240o, secondary azimuths of 120o-300o.
2.05 Unit 2B2
Variable thickness, approximately 0.4 - 0.7m thick. Progressive nonerosive contact with 2B1. A diamict type deposit, fining upward but
coarser than 2B1. The matrix Graphic Mean size is approximately –
0.83f (1.78mm). The matrix median size is calculated to be -0.55f
(1.45mm). The Graphic Standard Deviation is 2.73 f units, very poorly
sorted (Folk and Ward 1957). The sample contained approximately
4% by weight fines and there are more clasts and more frequent gravel
stringers than in 2B1. A strong fabric, azimuths of 30o-210o.
2.50 Unit 2C
Approximately 0.5-0.7m thick.
Unit 2C1
Variable thickness, approximately 20-40cm thick. Progressive nonerosive contact with 2B2. A matrix supported gravel diamict type
deposit, coarser than B. The matrix Graphic Mean size is
approximately –0.57f (1.48mm). The median size is -0.12f (1.10mm).
The Graphic Standard Deviation of 2.55 f units indicates very poor
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sorting (Folk and Ward 1957). The sample contained approximately
3% by weight fines.
2.80 Unit 2C2
Variable thickness, approximately 20-40cm thick. A progressive nonerosive contact with 2C1. An extrapolated matrix Graphic Mean size
of approximately –2.50f (5.65mm). The median size is –2.5f
(5.65mm). The extrapolated Graphic Standard Deviation of 2.49 f
units indicates very poor sorting. The sample contained less than 1%
by weight fines. Matrix supported poorly sorted sands and gravels. A
field lithology sample indicates 31% Shield igneous and
metasedimentaries, 40% Interlake carbonates and 29% shales.
3.10 Unit 3
Greater than 2.10 m thick. The unit is interpreted to be a supraglacial
fluvial or terminoglacial fluvial facies composed of fluvial complexes
and streamflood deposits.
Unit 3A
Massive glaciofluvial coarse sands and gravels. An erosive contact
with 2C2. Distorted ripple and horizontal laminations occur in the
20cm-40cm thick sand lenses exposed in the west wall of the section.
In the same sand lenses there are prominent compressive folds and
minor reverse faults, perhaps associated with the deposition of Unit
II and later dewatering.
3.35 Unit 3B
Greater than 1.80 m thick. A progressive non-erosive contact with
3A. Massive matrix supported medium to coarse gravels. There is
the impression of coarsening downwards with cobbles at base of
section. Shale pebble imbrications are common in the poorly sorted,
clast supported, gravel beds, particularly at the base of the sediment.
The a-b plane of other lithologies parallels the sedimentary surface
and generally dips towards the west.

