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Forced meanders and glaciofluvial deposits in an 
entrenched glacial spillway: The McFadden Valley-Polonia 
Trench, Riding Mountain Uplands, Manitoba 
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Approximately 13 to 14 ka BP an integrated network of supraglacial lakes drained over/through stagnating glacial ice on the 
Eastern Uplands of Riding Mountain. The meltwaters eroded a 30 km long channel into the local diamict and bedrock sub-
strate. The McFadden Valley-Polonia Trench spillway is oriented north to south paralleling the crest line of the Riding Mountain 
Escarpment. Greatest entrenchment occurred in the northern McFadden Valley segment (60 m); down slope entrenchment is 
approximately 35 m in the southern Polonia Trench segment. In the McFadden Valley, meltwaters were diverted by active glacial 
ice and sub-cropping rock hummocks, creating valley-scale forced meanders and associated mega point bar deposits. Along 
the length of the Polonia Trench, remnant terminoglacial stream deposits near the valley rim, indicate a braided stream envi-
ronment. Small, shallow and intermittent unpaired terraces are present along the steep valley sides of the Polonia Trench. The 
McFadden Valley-Polonia Trench drained into a terminoglacial (perhaps supraglacial) lake and the eroded material is deposited 
in a lake margin sandur plain/fan composed of braided stream deposits, which grade into subaqueous fan/delta/lacustrine sedi-
ments. Three recently published OSL ages effectively bracket a 4000-year period of operation from approximately 14 ka to 11 
ka. 
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Introduction

Key Messages

• 14 ka –11 ka BP, a 30 km long, deeply entrenched glacial spillway.
• Parallels the crestline of the Manitoba Escarpment on Riding Mountain.
•	 Forced	meander	bends	and	a	variety	of	glaciofluvial	deposits.

The Laurentide Ice Sheet covered the entire Riding Mountain 
Uplands during the late Wisconsinan (20,000 to 11,000 BP) 
with	 ice	 flow	 generally	 towards	 the	 southeast	 (Klassen	 1966,	
1979;	McGinn	1991).	Waning	and	downmelting	of	the	last	ice	

advance,	named	the	Falconer	Ice	Advance	(Fenton	et	al.	1983),	
resulted in the stagnation of glacial ice on the Riding Moun-
tain Uplands and the division of the retreating Falconer ice into 
glacial sub-lobes (Figure 1). The retreating Souris Lobe (Elson 
1956;	Sun	and	Teller	1997)	or	Assiniboine	Lobe	(Klassen	1975,	
1979),	located	west	of	the	Riding	Mountain	Uplands,	advanced	
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Figure 1 
Glacial situation in southwestern Manitoba circa 14,000 BP 
Cartography: R.A. McGinn

towards the southeast, terminating in an expanding glacial Lake 
Souris	(Elson	1958;	Klassen	1975;	Sun	and	Teller	1997;	Figure	
1). At this time, glacial Lake Souris was draining by way of the 
Dand Valley into proto glacial Lake Hind, the Pembina Spill-
way, and eventually into early glacial Lake Agassiz (Sun and 
Teller	1997).	East	of	the	Riding	Mountain	Uplands,	the	Red	Riv-
er Lobe advanced southward, paralleling the Manitoba Escarp-
ment with glacial sub-lobes pushing westward into the Valley 
River	 and	Assiniboine	 re-entrants	 in	 the	 escarpment	 (Klassen	
1975),	an	advancement	phase	referred	to	as	the	Arran	Advance	
or in southeastern Manitoba as the Marchand Advance (Fenton 
et	al.	1983;	Figure	1).

Klassen	 (1966)	proposes	a	 two-stage	 ice	 stagnation	model	
for	 the	Riding	Mountain	Uplands;	 first	 on	 the	 higher	 Eastern	
Uplands and later on the Western Uplands (Figure 1). The Horod 
Moraine (HM on Figure 1) is believed to be the hinge point for 
this model. 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	ice-
walled	lakes	glacial	Lake	Proven	(Figure	1).	Glacial	
Lake Proven appears to have begun as an elongated 
shallow ice marginal supraglacial lake formed in a 
transitional zone between the stagnating ice of the 
Eastern Uplands and the active Assiniboine Lobe 
(Souris	Lobe)	to	the	southwest	(McGinn	2002).	The	
eastern ridge of the Horod Moraine was deposited 
at the northwestern extension of this transitional 
zone (Figure 1). Stratigraphic sections in the mo-
raine indicate that this feature is an ice marginal 
ridge	 (Jurgaitis	 and	 Juozapavičius	 1989)	 or	 kame	
moraine	(Klassen	1979)	characterized	by	stratified	
and	unstratified	sands	and	gravels,	large	till	inclu-
sions	and	slump	features	(McGinn	1997).

The glacigenic facies in glacial Lake Proven 
basin represent a continuum of supraglacial/termi-
noglacial lacustrine sedimentation throughout the 
history of the glacial lake. Five to eight metres of 
moderately deformed Quaternary sediments are ex-
posed	in	road	and	river	cuts	at	elevations	above	615	
m southeast of the Eastern Ridge of the Horod Mo-
raine near Bottle Lake (Figures 1 and 2). The litho-
facies and textural characteristics of the sediments 
suggest that they were deposited in a subaqueous 
environment and are supraglacial in nature. Some 
of the lacustrine deposits depict the characteristics 
of a supraglacial lacustrine complex (Brodzikows-
ki	and	van	Loon	1991),	with	alternating	 layers	of	
sand and silt. There is some regular lamination of 
the	finer	sand	and	silt,	evidence	of	coarse	intercala-
tions	and	dropstones	(McGinn	2002).	Most	of	 the	
sequence,	however,	can	be	classified	as	supraglacial	
lacustrine bottomsets consisting of coarse sand and 
granules/silty-clay	rhythmites	that	fine	upwards	to	
medium-fine	 sand/silty-clay	 rhythmites	 (McGinn	
2002).

Five	GeoProbe®	cores	extracted	from	the	glacial	Lake	Prov-
en basin (Figure 2) indicate that there was a rich supply of sedi-
ment	into	the	lake	in	that	up	to	7.5	m	of	lacustrine	material	was	
deposited in the deeper regions of the terminoglacial lake. Sedi-
ments exposed in the cores represent a variety of terminoglacial 
lacustrine facies: lacustrine complexes, lacustrine bottomsets, 
and lacustrine complexes grading to shallow-water lake-margin 
deposits consisting of relatively thick units (> 1.0 m) of lami-
nated	medium	to	fine	sand	or	fine	sand	and	silt	(McGinn	et	al.	
2009).	There	is	often	evidence	of	coarse	intercalations	and	ma-
terial supplied by mass movement or wash-off and numerous 
dropstones	(McGinn	et	al.	2009).

Four cores were extracted from the Otter Lake sub-basin 
(Figure 2). Sedimentary sequences exposed in the progressively 
up	valley	series	of	GeoProbe	cores	demonstrate	that	supraglacial	
Lake Otter extended northeast farther up the present-day Upper 
Rolling River Valley (Figure 2). The sediments represent a vari-
ety	of	supraglacial/terminoglacial	lacustrine	deposits;	lacustrine	
complexes grading to shallow-water lake-margin deposits (Za-
niewski	et	al.	2007).	Thick	units	(2	m	to	3	m)	of	Holocene	fluvial	
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Figure 2 
Surficial deposits in the glacial Lake Proven basin and the McFadden Valley and Polonia Trench 
Cartography: R.A. McGinn

complexes	and	sheetflood	deposits	(Brodzikowski	and	van	Loon	
1991)	overlay	the	glacial	lacustrine	deposits.

To date, diatoms, pollen, and other datable organics have 
not been found in the glacial Lake Proven basin deposits. Con-
sequently, there is no absolute or relative chronology for the 
glacial Lake Proven stratigraphy or any estimates as to the lon-
gevity of the lake. To some extent this is not surprising, as the 
supraglacial	 subenvironment	 is	 located	 a	 significant	 distance	
from acknowledged ice margins. Stratigraphic position and in-
terpretation become the default relative dating technique.

Early glacial Lake Proven drained over stagnant ice into the 
Otter Lake sub-basin (OL on Figures 1 and 2) and then eastward 
into the McFadden Valley-Polonia Trench (MVPT) spillway 
system (MV and PT on Figure 1). As glacial Lake Proven en-
larged, transitioning from a supraglacial lake to a terminoglacial 
lake, the higher elevation ice marginal outlet channel was aban-
doned in favour of the relatively lower elevation Upper Roll-
ing River outlet, which drained into the same eastern spillway 
system	(McGinn	1991,	2002;	Figures	1	and	2).	It	appears	that	
the MVPT spillway system was in operation for a long period, 
probably	throughout	the	history	of	glacial	Lake	Proven.	At	first,	
the	supraglacial	meltwaters	flowed	eastward	down	the	ice	sheet	
gradient to the edge of the Manitoba Escarpment and then paral-
leled	the	crest	of	the	escarpment,	draining	southward	(McGinn	

1991).	The	meltwater	channel	rapidly	entrenched	into	the	sub-
stratum and a subaqueous fan/delta was deposited as the dis-
charge entered a small supraglacial/terminoglacial lake south-
east	of	glacial	Lake	Proven	(McGinn	1991;	Figures	1	and	2).

Objective

This research examines the geomorphology and paleohydrol-
ogy of the MVPT spillway system and the relationship to glacial 
Lake Proven.

Glacigenic sediments

In	1989,	the	INQUA	Commission	on	the	Genesis	and	Lithology	
of	Quaternary	Deposits	published	a	genetic	classification	of	gla-
cigenic	deposits	(Goldthwait	and	Matsch	1989).	In	this	volume,	
Ashley	 (1989)	 reviews	 the	 sedimentary	processes	 and	 lithofa-
cies units in glacier-fed lakes and establishes lithofacies groups 
with commonly occurring lithofacies units. The lithologic crite-
ria outlined in this publication are used in the current research.

Brodzikowski	and	van	Loon	 (1991)	present	a	 synthesis	of	
glacigenic sediments and establish a four-level systematic clas-
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Figure 3 
Physiographic components of the McFadden Valley-Polonia Trench spillway system 
Cartography: R.A. McGinn

sification	 based	 on	 a	 general	 “glacial”	 or	 “periglacial”	 envi-
ronment, the depositional subenvironment (e.g., supraglacial, 
englacial, subglacial), facies, and the characteristics of the de-
posits. The fourth level indicates the deposits associated with 
a	specific	depositional	mechanism.	For	example,	three	types	of	
deposits can be distinguished in the continental glacial, supra-
glacial, lacustrine facies: complexes, lake-margin deposits and 
bottomsets.	The	Brodzikowski	and	van	Loon	(1991)	nomencla-
ture is employed in this research.

Procedures and methodology

Standard sedimentological observations were made (Stow 
2005);	 specifically,	 site	 locality	 and	 lithofacies	 descriptions.	
Lithofacies observations include bed thickness, texture (use of 
comparator charts, hand lens and experience), and a description 
of sedimentary structures present: erosional, deformational, and 
bedding/lamination (parallel, wavy, cross, and graded). Observ-
able paleocurrent indicators and fabric were measured with a 
conventional pocket transit (Brunton compass). Other lithofa-
cies parameters recorded include Munsell colour, grain/clast 
morphology and lithology. Digital photographs were taken and 
sectional sketches, sketch logs and graphic logs constructed. 
GeoProbe	and	other	cores	are	conventionally	 logged	 from	the	
top down, whereas stratigraphic sections are described from the 

base	unit	upwards	 (Stow	2005).	Lithofacies	units	 identified	 in	
the stratigraphic section logs and core descriptions are compared 
to	the	characteristics	of	the	Brodzikowski	and	van	Loon	(1991)	
four-level	 classification	 system	 derived	 for	 glacigenic	 sedi-
ments.	Specifically,	the	characteristics	of	the	“melting	ice,”	“flu-
vial,”	“lacustrine,”	and	“mass-transport”	facies	and	the	deposits	
associated	with	the	“supraglacial”	and	“terminoglacial”	suben-
vironments.	 The	 Brodzikowski	 and	 van	 Loon	 (1991)	 criteria	
formulate the basis used for all facies interpretations in this text.

Physiography of the McFadden Valley-Polonia 
Trench

The MVPT spillway system can be subdivided into four phys-
iographic	regions;	the	McFadden	Valley,	a	transitional	zone,	the	
Polonia Trench, and the spillway outlet/fan (Figure 3).

McFadden Valley
Overflow	from	supraglacial	Lake	Otter	drained	eastward	through	
two contemporaneous channels into the McFadden Valley ice-
marginal channel (Figure 4). The late Wisconsinan McFadden 
channel drained south paralleling the active lateral margin of the 
Red River Lobe as it pressed up and over the Manitoba Escarp-
ment. The McFadden Valley channel is approximately 14 km 
long,	0.75	km	wide	and	deeply	entrenched	(45	m	to	55	m)	into	
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Figure 4 
Physiography of the McFadden Valley 
Cartography: R.A. McGinn

the underlying Zelena Formation (Zelena Till) and the Odanah 
Member	of	the	Pierre	Shale	Formation	(Figure	5).	The	flat-bot-
tomed	valley	floor	is	approximately	0.5	km	wide	and	occupied	
by the Holocene Birnie Creek, several small ponds and numer-
ous wetlands (Figure 4). While relatively straight, the ancestral 
McFadden	Valley	has	three	prominent	meander	bends;	a	limited	
meander bend in the north and two forced meanders in the south 
(Figure	4).	Simons	(1971)	classifies	entrenched	stream	morpho-
logical	bends	as	“limited”	and	“forced”	meanders	based	on	the	

ratio of the length of radius of curvature (r) to the mean bankfull 
channel width in the bend (w), that is, r/w. The limited bend 
develops in consolidated material such as glacial diamict, which 
inhibits	lateral	erosion	and	mean	r/w	ratios	exceed	7.0.	Forced	
meander bends have a r/w ratio less than 3.0 indicating a sharp 
constricted bend often attributed to stream impingement at an 
angle	of	60°	to	100°	on	relatively	consolidated	and	impermeable	
bank material.

The	McFadden	Valley	 channel	 slopes	 at	 2.5	 m	 km-1 (s = 
0.0025).	This	segment	of	the	spillway	system	is	erosion	domi-
nated. There are no exposed sand and gravel deposits partly be-
cause most of the McFadden Valley is located in Riding Moun-
tain	National	Park	and	there	are	few	trails	and	no	road	access.	
There is some topographic evidence of terrace development in 
the southern region.

Based on the r/w ratios illustrated on Figure 4, the initial 
channel was a 100 m to 200 m wide braid plain coursing over 
debris-rich	stagnant	glacial	ice	and	flowing	parallel	to	the	margin	
of	active	Red	River	ice	to	the	east.	As	flow	volumes	increased,	
the anastomosing channel began to entrench into the subsurface 
Zelena diamict and eventually into the basement Odanah Mem-
ber of the Pierre Shale Formation.

The	Zelena	Formation,	on	average,	is	0.5	m	to	5.0	m	thick	
in the region and represents the uppermost tills (two) and inter-
till sediments on the Riding Mountain Uplands deposited during 
the	final	stages	of	glacial	stagnation	(Klassen	1979;	Figure	6).	
The Zelena Formation is composed of a supraglacial meltout 
complex, which overlies a slightly more compact supraglacial 
ablation	till	(McGinn	2000).	The	meltout	complex	is	usually	a	
typical	diamict	(38%	sand,	31%	silt,	31%	clay),	massive	in	ap-
pearance but with occasional concentrations of relatively coarse 
or	fine	material	forming	vague	lenses	(Klassen	1979).	The	abla-
tion	till	is	massive,	and	slightly	more	compact;	49%	sand,	27%	
silt,	24%	clay	(Klassen	1979).	Oxidized	Zelena	Till	 is	usually	
yellowish brown or very dark grey brown in colour. Fresh (un-
oxidized) exposures are dark olive grey or very dark grey. The 
till is shale rich but since Odanah Shale clasts tend to disinte-

Figure 5 
McFadden Valley: Deeply entrenched (55 m) into the underlying 
till and Cretaceous shale bedrock 
Photography: R.A. McGinn
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Figure 6 
Zelena Formation: Uppermost tills and intertill sediments on the 
Riding Mountain Uplands 
Photography: R.A. McGinn

grate	when	removed	from	the	matrix,	it	is	difficult	to	determine	
a percentage composition. Interlake carbonates constitute ap-
proximately	26%	to	36%	of	the	clasts	(Klassen	1979).

The Odonah Member of the Pierre Shale Formation is de-
scribed as hard olive-grey siliceous shale with soft interbeds of 
darker	olive-grey	shale	(McNeil	and	Caldwell	1981;	Figure	7).	
The Cretaceous shales are composed of clay-sized siliceous par-
ticles, which show no sign of biogenic origin. The mineralogy 
is described as amorphous silica and illite with traces of quartz 
and	organic	carbon	(Bannatyne	1970).	Odanah	Shale	is	jointed.	
Joints stain reddish to purplish brown and ironstone concre-
tions are common. Dried out and weathered Odanah Shale is 
usually	 light	 olive	 grey	 in	 colour,	 non-calcareous,	 sub-fissile,	
siliceous	and	hard	(McNeil	and	Caldwell	1981).	Light	brown	to	
dark-yellowish-orange patches are common on some weathered 
fracture surfaces. Odanah Shales have high moisture absorption 
rates	(approximately	20%)	and	air	dry	shrinkage	rates	of	4%	to	
8%	(Bannatyne	1970).	Consequently,	theses	shales	are	suscep-

tible to hydration weathering, rapidly breaking down into small 
blade-like	 shapes	 over	 three	 to	 five	 wet/dry	 cycles	 (McGinn	
2000;	 Figure	 8).	 Mean	ASCE	 (Corey)	 Shape	 Factor	 (c/ab0.5) 
equals	0.296	±	0.064.	Mean	relative	density	(specific	gravity)	is	
measured	at	1.8	(Blais	and	McGinn	2011).	It	is	speculated	that	
sub-cropping Odanah Shale is responsible for the forced bends 
in south McFadden Valley.

Transitional zone
The McFadden Valley transitions into the Polonia Trench 
through	a	6	km	long	transitional	zone	featuring	 two	spectacu-
lar	 forced	meander	bends	(Figure	9).	Eastward	flow	down	the	
ancestral McFadden Valley was diverted by active glacial ice as 
the western margin of the Red River Lobe pressed westward, up 
and	over	the	Manitoba	Escarpment	slope	face	(Figure	9).	A	3	km	
long,	180°	forced	meander	bend	diverted	the	flow	west.	Active	
ice and sub-cropping Odanah Shale formed the cut bank (the 
left bank) of the forced bend, and on the right bank braid plain 

Figure 7 
Odanah Member of the Pierre Shale Formation: A hard olive-grey 
siliceous shale with mean relative density (specific gravity) of 1.8 
Photography: R.A. McGinn
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Figure 8 
Weathered Odanah Shales: Hydration weathering rapidly breaks 
down the shale into small blade like gravels 
Photography: R.A. McGinn

(longitudinal bar) deposits evolved in a mega point bar deposit. 
Within	1	km,	the	westward	flow	impinged	on	sub-cropping	hard	
olive-grey	siliceous	Odanah	Shale	and	once	again,	a	90°	forced	
meander	 diverted	 the	 flow	 south,	 paralleling	 the	 crest	 of	 the	
Manitoba	Escarpment	(Figure	9).

Transitional zone deposits: The mega 
point bar. Mega point bar deposits are 
exposed in four aggregate extraction 
pits	 (Figure	6;	NTS	14U	459865.0	E,	
5589784.0	 N.).	 Stratigraphic	 sections	
in the mega point bar deposits suggest 
four zones of deposition. In the upper 
pit (A on Figure 10) coarse sand-sized 
shale exhibits parallel bedding and 
flow	 features	 characteristic	 of	 a	 lon-
gitudinal bar (Brodzikowski and van 
Loon	1991).	Here,	braid	plain	deposits	
predominately	sand	and	fine	gravel	in-
terfinger	with	a	 lateral	accreting	point	
bar deposit. The longitudinal bar de-
posits were sampled for optically stim-
ulated luminescence (OSL), but since 
this sand is composed of predominant-
ly Odanah shale and void of quartz and 
feldspar, the deposit is unsuitable for 
OSL dating.

The laterally accreting mid-bar de-
posits (B on Figure 10) are described 
as massive, horizontally bedded, clast 

supported gravel and cobbles with numerous boulder-sized 
clasts	 (Giles	 1987;	 Figure	 11).	 The	 slightly	 inclined,	 curved	
bedding	 generally	 fines	 upwards.	 Interlake	 carbonates	 and	
Shield-derived granitoids and metasedimentary rocks represent 
the	predominate	gravel	and	cobble	lithologies;	coarse	sand	and	
granule-sized	shale	fill	the	voids.

At a lower elevation (13 m below the laterally accreting 
surface), in an upstream position (C on Figure 10), a clast sup-
ported cobble and gravel deposit with a high boulder component 
is present. This deposit is interpreted as a combined channel lag 
deposit	with	infill	fluvial	sand	and	gravel.	Large	(up	to	2	m	in	di-
ameter) boulders are indicative of till washout and a channel lag 
or	washover	deposit	(Giles	1987).	Downstream	from	pit	C,	and	
only 10 m from the base of the modern day channel (D on Fig-
ure	10),	a	stratified	sandy-pebbly	gravel	deposit	fines	upwards	
into	a	20	cm	thick	silty-clay	drape	(Giles	1987).	Overlying	this	
overbank	fill,	a	cross-bedded	medium	sand	unit	was	sampled	for	
OSL datable material (OSL sample B1, Table 1).

Transitional zone stream piracy. During the early Holocene, 
three steeply graded streams draining the escarpment slope, vig-
orously eroded headward into the Cretaceous shale scarp face 
and	breached	the	eastern	wall	of	the	MVPT.	Georgison	(1988)	
describes several scenarios for a multiple stream piracy in the 
MVPT. The most probable sequence has Eden Creek captur-

Figure 9 
The transitional zone: McFadden Valley-
Polonia Trench 
Cartography: R.A. McGinn
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Figure 10 
Mega point bar deposits and other sediments in the transition zone 
Cartography and photography: R.A. McGinn

ing	the	ancestral	McFadden	Valley	drainage	(Figure	9).	Short-
ly	 thereafter,	 Birnie	 Creek	 beheads	 the	MV-Eden	 Creek	 flow	
approximately 3.0 km upstream of the Eden Creek elbow of 
capture.	Some	time	later	Neepawa	Creek	captures	 the	Polonia	
Trench drainage.

Polonia Trench
The Polonia Trench is a 13 km long straight channel exhibit-
ing no meander bends (Figure 12). The ancestral channel, 1.2 
km	wide	at	the	rim	and	0.6	km	wide	at	the	base,	is	deeply	en-
trenched,	approximately	40	m	to	50	m	in	the	northern	sections	

and 20 m to 30 m in the southern por-
tion. For descriptive purposes, the Polo-
nia Trench can be subdivided into two 
regions;	 North	 Polonia	 Trench	 (NPT),	
the entrenched valley north of the village 
of	 Polonia	 on	 Provincial	Highway	 357,	
and South Polonia Trench (SPT), the en-
trenched valley south of Polonia (Figure 
12).

The general stratigraphy of the Po-
lonia Trench is exposed in a road cut on 
the	 west	 side	 of	 the	 valley	 (NTS	 14U	
453545.0	 E,	 5577483.0	 N;	 Figure	 13).	
Here	4.5	m	of	stratified	sand	and	gravel	
overlies	approximately	5.0	m	of	diamict,	
which overlie Odanah Shale. The diamict 
exhibits the characteristic colour, texture, 
and structure of the Zelena ablation till, 
and the carbonate and Shield clasts have 
a weak north to south orientation (Mc-
Ginn	2000).	 In-situ	Odanah	shale	 is	ex-
posed at the base of the 13 m deep road 
cut.

The Polonia Trench slopes at 2.3 m km-1	(0.0023).	The	flat-
bottomed	channel	is	occupied	by	the	Holocene	Neepawa	Creek	
and numerous wetland regions (Figure 12). There is sedimen-
tological and topographic evidence of terrace development and 
valley rim deposits in both sub-regions. Unpaired terraces have 
been	observed	at	elevations	of	620	m	and	601	m	ASL	on	the	east	
side	of	the	valley	and	at	608	m	and	600	m	ASL	on	the	west	side	
(Figures 2 and 13). There are few exposures in these shallow 
deposits;	typically,	scoop	pits	which	unearth	shale	rich	gravel	of	
little commercial value. These deposits are topographically dis-
tinct from remnant valley rim braid plain deposits located on the 
east	side	of	the	NPT	at	elevations	of	642	m	ASL	(Figures	12	and	

Figure 11 
Laterally accreting mega point bar deposits: Horizontally bedded, 
slightly inclined, massive clast supported gravels and cobbles 
Photography: R.A. McGinn

Table 1 
Optically-stimulated luminescence dates from the Riding Mountain 
uplands and adjacent Lake Agassiz beaches

Source: Teller et al. 2018
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Figure 12 
Physiography of the Polonia Trench 
Cartography: R.A. McGinn
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Figure 13 
McFadden Valley-Polonia Trench – Bethany fan sediments 
Cartography: R.A. McGinn
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13). Similar valley rim deposits are found at lower elevations 
(630	m	to	635	m	ASL)	on	the	western	rim	of	the	SPT	sub-region.	
These	thin	(<	3	m)	valley	rim	sediments	composed	of	stratified	
sands	and	gravels	are	indicative	of	longitudinal	bar,	streamflood,	
and	sheetflood	deposits.

Streamflood	and	sheetflood	deposits	form	during	and	follow-
ing sudden outbursts of sediment rich meltwater (Brodzikows-
ki	 and	 van	 Loon	 1991).	 Deposits	 are	 of	 irregular	 thickness	
and	 commonly	 interfinger	 with	 fluvial/glaciofluvial	 deposits.	
Streamflood	 valley	 rim	 deposits	 consist	 of	 relatively	 coarse	
gravel	fining	upward	to	coarse	sand.	The	sand	grains	are	com-
posed of local shale and considered unsuitable for OLS dating. 
Gravel-sized	 clasts	 are	 shale	 rich	but	 appear	 to	 contain	 a	 dis-
proportionate number of sub-angular to sub-rounded carbon-
ates and Shield granitoids and metasedimentaries. The more 
numerous gravel to cobble-sized shale exposed in extraction 
pits	rapidly	weather	to	fine	gravel	and	very	coarse	sand.	Sheet-
flood	deposits	 in	 the	region	are	 thinner,	horizontally	stratified,	
and poorly sorted shale sands and gravel with stringers of buff 
coloured carbonate pebbles.

There	 is	 little	evidence	of	glaciofluvial	gravel	 forming	 the	
base of the Polonia Trench. However, a small Holocene alluvial 
fan	has	spread	shale	rich	alluvium	across	the	floor	of	the	NPT	
(Figure 13). These shale rich alluvial gravels are of little com-
mercial	value,	used	by	locals	for	fill	and	farm	lane	grading.

The	Polonia	Trench	ends	in	a	110°	forced	meander	(Figure	
12) exiting the entrenched channel towards the west and spread-
ing	across	a	2.5	km	wide,	7.0	km	long	deposit	interpreted	as	a	
shallow	water	underflow	fan/delta	(Benn	and	Evans	2010).

Klassen	 (1979)	 speculates	 that	 a	 late	 glacial	 advance	 of	
the Red River Lobe east of the Manitoba Escarpment pushed 
westward into the Swan River, Valley River and Assiniboine re-
entrants	(Figure	1).	Other	authors	(Nielson	1988;	Groom	2006;	
Hodder	and	Trommelen	2015)	refer	to	this	late	glacial	advance	
in southern Manitoba as the Arran Advance depositing a carbon-
ate	rich	till	sheet	in	the	re-entrants;	the	Arran	Formation.	Fenton	
et	al.	(1983)	refer	to	this	late	Wisconsinan	advance	in	the	east-
ern Agassiz basin as the Marchand Advance, occurring approxi-
mately 11.2 ka BP. Along the northern edge of the Assiniboine 
re-entrant active glacial ice pressed up and over the 230 m high 
Manitoba Escarpment. A carbonate rich till (Arran Fm?), de-
posited over distorted sands and gravels, exposed in a small pit 
(NTS	14U	455346.00	E,	5579550.00	N	626	m)	supports	this	hy-
pothesis. Two and one half km to the southwest, the advancing 
Assiniboine sub-lobe blocked the natural outlet of the Polonia 
Trench	and	consequently,	diverted	flow	westward	across	stag-
nant ice. MVPT meltwaters drained into a small supraglacial or 
terminoglacial	Lake	Bethany	(McGinn	1991)	depositing	a	braid	
plain/subaqueous fan/delta.

Arran Fm. Till is, on average, 2 m to 3 m thick, along the 
eastern margin of the Polonia Trench. The carbonate rich, yel-
low-brown ablation till is loose, similar in texture to the Zelena 
Till	and	the	youngest	diamict	in	the	region	(Klassen	1979).	In-
terlake	carbonates	 (34%	to	65%),	weathered	Shield	granitoids	
and	metasediments	 (approximately	30%),	and	fractured	shales	
constitute the typical clasts. Two dimensional fabric analyses of 

the carbonate and Shield clasts indicate a preferred east to west 
orientation	(McGinn,	unpublished	data).	The	similar	Zelena	Till	
west of the Polonia Trench has a weak north-northwest to south-
southeast	preferred	orientation	(Klassen	1979;	Groom	2008).

Glacial Lake Bethany and associated underflow fan
Glacial	Lake	Bethany,	a	shallow	glacial	lake	(possibly	a	supra-
glacial lake), was surrounded by wasting stagnant ice on the 
southern margin of the Eastern Uplands (Figures 2 and 13). 
The small lake was fed by local meltwaters and the meltwater 
discharge from the Polonia Trench. There are no exposures of 
glacial	Lake	Bethany	deposits	 and	no	 topographically	defined	
shoreline. Consequently, mapping lake boundaries is specula-
tive,	 relying	 on	 the	 distribution	 of	 fine-grained	 soils	 evolving	
over lacustrine parent material displayed on the Reconnaissance 
Soil Survey Map of the West-Lake Map Sheet Area (Ehrlich et 
al.	1958).

The Onanole Clay Loam is a degrading black meadow soil 
“developed	 on	medium	 to	 coarse	 textured	 lacustrine	 deposits	
which	lie	over…	till”	(Ehrlich	et	al.	1958,	57).	In	the	Bethany	
region, topographies associated with the Onanole Clay Loam are 
described as gently sloping to irregular gently sloping. This ob-
servation	suggests	that	a	relatively	flat	Lake	Bethany	lacustrine	
plain may have experienced post depositional deformation, as-
sociated with the meltout of the underlying stagnant ice. The 
same lacustrine-based soil series has developed on nearby gla-
cial Lake Proven and glacial Lake Otter lacustrine deposits.

A	significant	portion	of	the	Lake	Bethany	sediment	is	over-
lain	 by	 underflow	 fan/delta	 glaciofluvial	 deposits	 (Figure	 13).	
Marringhurst soils are well-drained, weakly developed black 
soils composed of coarse sands and gravels, evolving on glacio-
fluvial	deposits	(Ehrlich	et	al.	1958).	In	the	Bethany	region,	the	
Marringhurst shale variant soil has evolved over the subaque-
ous fan/delta deposit in glacial Lake Bethany (Figure 13). As 
discussed below, numerous active and depleted gravel extrac-
tion	pits	speckle	the	underflow	fan/delta	aggregate	deposit.	Lake	
Bethany appears to have drained westward into the ancestral 
Little	Saskatchewan	River	drainage	system	(McGinn	1991).

Benn and Evans (2010) describe three general types of gla-
cial	fed	deltas:	the	shallow	water	Hjulstrom-type	or	underflow	
fan/delta,	the	deeper	water	Gilbert-type	delta,	and	the	interme-
diate	 in	 character,	 Salisbury	 delta	 (Church	 and	Gilbert	 1975).	
Brodzikowski	 and	 van	Loon	 (1991)	 subdivide	 the	Hjulstrom-
type	 delta	 into	 “fan-type”	 deltas	 and	 “braid-type”	 deltas.	 Fan	
deltas	are	formed	by	the	progradation	of	a	glaciofluvial	fan	into	
a terminoglacial lake whereas braid deltas are formed by a pro-
grading sandur into a proglacial lake.

The	Bethany	underflow	fan/delta	appears	to	be	a	subaqueous	
shallow	water	Hjulstrom-type	deposit	in	an	ice-walled	termino-
glacial lake, constructed by the discharge of a steep to moderate 
gradient	high	energy	inflow	stream;	the	MVPT.	The	aggregate	
resource	 deposit	 appears	 on	 Mihychuk	 and	 Groom’s	 (1979)	
preliminary	map	 and	 the	Manitoba	 Energy	 and	Mines	 (1988)	
Aggregate	Resources	Map	AR88	1-7.	The	resource	is	described	
as sandy coarse pebble gravel with high shale content (Young 
1982).
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Benn and Evans (2010) indicate 
that	 the	 Hjulstrom-type	 fan/delta	 has	
three depositional sub-regions: apex 
aerial sandur topsets, delta front fore-
sets, and pro-delta bottomsets. Apex 
sandur topsets are characterized by 
coarse bedload, clast supported, braid 
plain	 streamflood	 deposits	 (Benn	 and	
Evans 2010). Delta front foresets are 
often massive, poorly sorted, class 
supported cobbles, pebbles, and grav-
els with a coarse sand matrix and/
or graded bedded sands and gravels, 
commonly deposited by high-density 
turbulent	 underflows	 (Benn	 and	 Ev-
ans 2010). Foresets vary in inclination 
from	0°	to	30°	and	are	typically	coarser	
in	the	upper	slopes,	fining	down	fore-
set. The distal pro-delta bottomsets are 
deposited by subaqueous traction cur-
rents,	 density	 flows	 and	 underflows,	
which	frequently	interfinger	lacustrine	
sediments (Benn and Evans 2010).

Giles	(1987)	describes	the	Bethany	
fan apex delta/sandur topsets as strati-
fied,	 horizontally	 laminated	 pebbly	
sand and gravel, grading upward into 
coarse	 to	fine	sands.	The	deposit	 is	overlain	by	poorly	sorted,	
moderately rounded, very coarse pebbly gravel with interchan-
nel	sands	and	gravels.	Giles	(1987)	interprets	the	stratigraphic	
section	 to	 represents	 a	 transition	or	 “wedging	out”	of	 stream-
flood	deposits	to	“fan-type”	deltaic	topsets.

Delta	foresets	are	exposed	in	a	large,	active	extraction	pit	5.9	
km	east-northeast	of	Bethany,	(NTS	14U	451908	E,	5575968	N,	
600	m	asl.,	Figures	14	and	15).	Coarse	gravel	foresets,	dipping	
southwest are exposed at the base of the section. This unit is 
overlain by a 2 m thick sandy silt drape, coarsening upward into 
very	coarse	sand,	granules,	and	fine	gravel	that	dips	west	at	5°.	
Sand in the unit was sampled for OSL dating (OSL samples A1 
and A2, Table 1). This sand unit is overlain by a 2 m thick gravel 
unit,	which	 coarsens	 upward	 from	 a	fine	 gravel-granule-sand,	
dipping west, to a matrix-supported gravel of mixed lithology 
(Figure	 15).	 The	 matrix	 is	 predominantly	 sand	 and	 granule-
sized	clasts	composed	of	shale.	This	unit	is	overlain	by	over	6	
m of foreset beds composed of class supported, cobble-pebble 
gravels	up	 to	20	cm	 in	diameter	and	dipping	30°	 to	 the	west.	
A detailed description of the Bethany fan stratigraphic section 
is found in Appendix 1. Samples collected from the delta front 
exhibit	mean	textural	values	of	74%	cobbles/pebbles/granules,	
23%	sands,	and	3%	fines	(Young	1982).

Several shallow exposure pits are found in the pro-delta re-
gion approximately 2 km east-northeast of Bethany, Manitoba 
(NTS	14U	4483577.0	E,	5574577.0	N,	574	m	ASL.).	Here	strat-
ified	fine	to	medium	texture	shale	gravel,	interbedded	with	silt	
and clay, form the parent material for the Marringhurst shale 
variant soil. The predominance of shale gravel in the normally 

fine-grained	pro-delta	bottomsets	is	probably	due	to	the	low	spe-
cific	gravity	of	the	Odanah	Shale	(1.8)	and	hydration	weather-
ing	that	produces	a	fluid	dynamic	blade	shape	that	facilitates	the	
transport	of	these	fine	gravels	down	low	energy	gradients.	Pro-
delta core and exposure samples record mean textural values of 
55%	pebbles/granules,	41%	sands,	and	3%	fines	(Young	1982).

Figure 14 
Bethany fan sediments 
Cartography and photography: R.A. McGinn

Figure 15 
Bethany fan sediments: Inclined foresets of mixed lithology. OSL 
calibrated ages of 13.8 to 12.5 ka 
Photography: R.A. McGinn
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Omars
Omars,	an	abbreviated	term	proposed	by	Prest	(1990)	for	clasts	
derived from the Omarolluk Formation, are distinctive glacial er-
ratics composed of massive siliceous greywacke, characterized 
by buff-weathering sub-spherical calcareous concretions (Figure 
16).	The	Omarolluk	Formation	is	a	thick	Proterozoic	turbidite-
flysch	deposit	outcropping	in	the	Belcher	Islands,	southeastern	
Hudson	Bay	 (Ricketts	 and	Donaldson	1981).	Omars	 found	 in	
southern Manitoba have experienced a minimum of two epi-
sodes	of	Late	Wisconsinan	glacial	dispersal;	an	early	northwest	
to	westward	flow	from	the	Belcher	Islands	source	region	(Lab-
rador	Sector	ice	flow),	followed	by	the	north	to	south-southeast	
dispersal	 by	 the	Keewatin	Sector	 ice	flow	 (Prest	 et	 al.	 2000).	
Their occurrence on the Riding Mountain Uplands are rare 
but have been found in the mega point bar deposit (Pit B), the 
Bethany fan, the Horod Moraine ice marginal ridge deposit, the 
Onanole Outwash (Beatty Pit #1 and the eastern outwash pit), 
and the Scandinavia Outwash fan (Figure 2). The occurrence of 
omars	on	the	Riding	Mountain	Uplands	supports	ice	flow	direc-
tions	proposed	by	Klassen	 (1975,	1979),	Groom	(1980,	2006,	
2008),	Nielsen	(1988),	McGinn	(2000),	and	Hodder	and	Trom-
melen	(2015).

Discussion

The MVPT formed shortly after stagnation and downwasting 
of the Laurentide Ice Sheet on the Eastern Uplands of Riding 
Mountain. Meltwaters, ponding in supraglacial Lake Proven and 
glacial Lake Otter, drained over stagnant ice towards the east. 
Active ice remained east of Riding Mountain. Here the Red Riv-
er Lobe advanced south towards the current day American bor-
der and beyond, the lateral margin pressing westward against the 
Manitoba Escarpment along the eastern edge of Riding Moun-
tain and occupying the Assiniboine re-entrant (Figure 1). Con-
sequently, the natural drainage from the Eastern Uplands down 
the escarpment slope was blocked and meltwater drainage was 
diverted southward paralleling the western margin of the Red 
River	Lobe.	During	this	time,	the	MVPT	entrenched	35	m	to	60	
m into the underlying stagnant ice, the Zelena Formation and the 
basement Odanah Member of the Pierre Shale Formation. Along 
the southern boundary of the Eastern Uplands, drainage over the 
escarpment crest into the Assiniboine re-entrant was blocked by 
glacial	ice	(the	Assiniboine	Sub-lobe)	and	meltwater	flows	were	
diverted westward, ponding in glacial Lake Bethany (Figure 2). 
Shale rich sediments derived from the MVPT were deposited 
in	an	underflow	fan/delta	building	into	the	supra/terminoglacial	
lake	 (Figure	2).	Glacial	Lake	Bethany	drained	west	 along	 the	
northern	margin	of	the	Assiniboine	Sub-lobe	to	join	the	ances-
tral Little Saskatchewan River and drain into glacial Lake Hind 
(Figure 1).

Two sediment samples, extracted from foreset beds in the 
Bethany	fan	and	dated	at	13.8	ka	and	12.5	ka,	yield	a	mean	age	
of	13.2	cal	ka	(Site	A,	Table	1;	Teller	et	al.	2018).	A	third	OSL	
age, derived from a sample taken near the base of the McFad-
den Valley is dated at 10.1 ka (Site B, Table 1). The three OSL 

ages	effectively	bracket	a	4000-year	period	of	flow	and	sediment	
deposition for the MVPT (Table 1).

The mean OSL age of 13.2 ka for a well-established, en-
trenched MVPT is older than the earliest radiocarbon age (13 cal 
ka BP) for Assiniboine River outwash near Brandon, Manitoba 
and consequently, an unobstructed Assiniboine River draining 
into	glacial	Lake	Agassiz	 (Dyke	 and	Prest	 1987).	New	 radio-
carbon	dates	for	the	drainage	of	glacial	Lake	Hind	confirm	that	
the Assiniboine Sub-lobe was breached near Brandon approxi-
mately	13	cal	ka	BP	(Teller	et	al.	2015).

Teller	et	al.	(2018)	published	two	dates	from	the	Lake	Agas-
siz	Norcross	beach	series	located	on	the	Agassiz	lake	plain,	near	
Eden,	Manitoba;	10	km	east	and	230	m	below	the	Bethany	fan	
deposit (Site C, Table 1). A mean OSL age of 13.3 ka suggests 
that the LIS had vacated the Assiniboine re-entrant at this time 
and	 retreated	 north	 of	 present	 day	Neepawa,	Manitoba.	Early	
glacial	Lake	Agassiz	(Norcross	phase)	expanded	into	the	area.	
The	Norcross	beach	OSL	ages	(Teller	et	al	2018)	are	within	the	
error	estimates	of	the	13.6	ka	mean	OSL	age	for	the	Norcross	
strandline in the Lake Traverse, Minnesota area (Lepper et al. 
2013)	and	a	13.4	ka	OSL	age	for	the	Norcross	beach	series	near	
Morden,	Manitoba	 (Teller	et	 al.	2018).	However,	 a	 third	OSL	
age	of	12.1	 for	 a	Norcross	beach	 sample	 taken	2.2	km	north-
northeast of Sample Site C (Site D, Table 1) changes the av-
erage	OSL	 age	 for	 the	Norcross	 beach	 in	 the	 Eden	 region	 to	
12.9	ka,	an	age	arguably	in	accordance	with	the	lower	elevation	
Tintah	strandline	(for	discussion,	see	Teller	et	al.	2018).	Further	
research with respect to the relative physiography and geomor-
phology	of	the	Herman-Norcross-Tintah	(HNT)	strandline	series	
and respective OSL dates in the Eden/Arden region is required.

Summary and conclusion

During deglaciation of the Eastern Uplands on Riding Moun-
tain, stagnating ice was bordered by ice marginal disintegra-

Figure 16 
Omar found in the Bethany fan. A massive siliceous greywacke, 
characterized by a buff-weathering spherical calcareous concretion. 
Provenance: Belcher Island, Hudson Bay, Canada 
Photography: R.A. McGinn
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tion ridges (kame moraine) and supraglacial/terminoglacial 
lakes and ponds. Entrenched channels and spillways such as 
the MVPT, ancestral Little Saskatchewan River and the Roll-
ing River drained meltwaters from the Eastern Uplands south 
into proto glacial Lake Hind and eventually into glacial Lake 
Agassiz. It is estimated that the MVPT spillway/channel drain-
ing glacial Lake Proven/glacial Lake Otter was active for ap-
proximately 4000 years from approximately 14 ka to 10 ka. 
During this time interval, MVPT sediments were deposited as 
valley	rim	deposits,	in	unpaired	terraces	and	in	a	Hjulstorm-type	
underflow	 fan-type	 delta.	Today,	 shale	 rich	 glaciofluvial	 sedi-
ments	provide	approximately	16	million	m3 of medium quality 
aggregate resources that are marginally suitable for asphalt, road 
base,	sub-base,	shoulders	and	traffic	gravel,	but	are	not	suitable	
for	concrete	aggregate	or	cement	(Young	1982).
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APPENDIX 1
Description of the Bethany fan/delta section, OSL sample 
sites A1 and A2 after Teller et al. (2018) and personal ob-
servations (2010).

0.5	m	 Soil

3 m Cobbly bedded, clast supported, gravel (10 cm di-
ameter, maximum 20 cm diameter). Fines upward 
to a pebbly gravel of mixed lithology. Distinct an-
gular lower  contact.

3 m Very coarse, matrix supported, pebbly sand and 
gravel	(1	to	5	cm	diameter).	Thick	cross-beds	dip-
ping	30°	W.	Distinct	lower	contact,	undulating.

0.1–1.5	m	 Matrix	supported	gravel	(2	to	5	cm	diameter),	sand	
and occasional cobbles. Mixed lithology, sub-  
rounded metasedimentaries and carbonates.   
Distinct undulating lower contact.

0.1–0.4	m	 Very	 coarse-fine	 gravel,	 granules	 and	 sand;	Dip-
ping W. Dune bedform with an overlying drape. 
Distinct lower contact.

0.1–2.0 m Silt, coarsening upwards. Sandy in upper part, 
clayey	 in	 lower	 part.	 Scour	 and	 fill	 structures	
throughout. Irregular but distinct lower contact. 
OSL	Sample	A1,	55	cm	from	top	of	the	unit.	OSL	
Sample	A2,	28	cm	from	top	of	the	unit.

0.2 m Sandy, pebbly gravel.

>2.0	m	 Coarse	gravel-fine	gravely	sand.

Description of the Bethany fan/delta section after Giles 
(1987) and personal observations (2010).

Unit 1 Unconsolidated clast supported poorly sorted grav-
el. Sub-rounded to round metasedimentaries and 
carbonate	lithologies.	Relic	foreset	structures,	18°	
NW;	also	30°	W.

Unit	2		 0.5–1.0	 m	 silt-clay	 drape.	 Small,	 well	 defined,	
cross	beds	and	foresets	dipping	at	10°	WNW.	Oc-
casional pebble.

Unit	3	 Gravel	and	cobbles,	shallow	foresets	dipping	5°	W.

Unit	4	 Pebbly	sandy	gravel	beds	30	to	50	cm	thick	infill-
ing	in	a	shallow	trough.	Small	foresets	dipping	28°	
W. Unit pinches out to the west and, upstream is 
over 1.0 m thick in the east.

Base	Unit	 Interbedded	but	generally	well	sorted	(25	cm	thick)	
cobble,	pebble	and	granules	beds	that	dip	20°	SW.
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Author’s	Note:
Comparing written descriptions of the same stratigraphic sec-
tion,	 described	 at	 different	 times,	 for	 example	 Giles	 (1987),	
Teller	et	al.	(2018),	and	personal	observations	(the	2010	photo-
graph,	Figure	15),	is	complicated.	Gravel	pit	operations	continu-
ally modify the pit face, exposing a slightly different perspec-
tive, thickness and position (depth) of described units, sub-units 
and contacts. The text on page 12 is a general summary of the 
stratigraphy of the collective observations and will not precisely 
match	units	illustrated	in	Figure	15.


