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Chapter 46

Magnetostratigraphy of Quaternary
Sections in Eastern Alberta, Saskatchewan

and Manitoba

René W. Barendregt

Faculty of Arts and Science, The University of Lethbridge, 4401 University Drive, Lethbridge, Alberta, Canada TIK 3M4

46.1. INTRODUCTION

A record of continental glaciations has been developed
from extensive exposures of Quaternary sediments which
outcrop along major river valleys in western Canada.
Although ages of Late Pleistocene glacial continental
events in the study area are relatively well constrained,
the age and extent of earlier glaciations are less well
defined. Palacomagnetism, tephras, palacosols and fossils
constrain the timing of some of these glaciations.

While at least 14 glaciations are recognised in the NW
Cordillera of Canada, only about half that number can be
documented in the Interior Plains of Canada (Barendregt
and Duk-Rodkin, 2011). The magnetostratigraphical record
suggests that cold conditions had a very different impact
in western Canada than in northwest Canada (Barendregt
and Irving, 1998; Barendregt and Duk-Rodkin, 2011;
Duk-Rodkin et al., 2011).

46.2. STUDY SITES

The earliest evidence of Laurentide glaciation on the Cana-
dian Prairies occurs in the Medicine Hat, Alberta area, and
in the Wellsch Valley, Regina and Saskatoon areas of cen-
tral and southern Saskatchewan (Fig. 46.1). Of the five sites
discussed here, four are composites of multiple sections
(Medicine Hat, Alberta, Wellsch Valley and Saskatoon,
Saskatchewan and Gillam, Manitoba), and one is derived
from a single outcrop (Wascana Creek, near Regina, Sas-
katchewan). For a number of sites in Saskatchewan where
stratigraphic exposures reveal the upper units only, bore-
hole data are used to describe the lower units. The compos-
ite sections reported here have been developed from recent
work carried out in Saskatchewan, as well as from previ-
ously published and unpublished data. Section descriptions
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are based primarily on magnetostratigraphy, tephrochronol-
ogy and fossil data and do not provide detailed facies
descriptions (these are published in Christiansen, 1968,
1992; Stalker, 1969, 1976, 1982; Stalker and Wyder,
1983). Data presented here highlight extensive pre-Illinoian
(pre-Saalian) deposits which are assigned to the (late)
Matuyama Reversed Chron and the Brunhes Normal Chron
(Fig. 46.2).

46.2.1. Medicine Hat, Alberta

At least three major till sheets, referred to as the Labuma,
Maunsell and Buffalo Lake tills in the early literature, are
present in eastern Alberta, and at the Medicine Hat sites.
These tills have been correlated on the basis of lithostrati-
graphical characteristics, to the Saskatoon Group in Sas-
katchewan (Lower Floral Formation (Fm), Upper Floral
Fm, and Battleford Fm, respectively). The Labuma till
exhibits a distinctive dark colour, derived from Late Creta-
ceous shales which were incorporated into the glacial
deposits laid down by the first continental glacier to reach
the area. It forms the lowermost till at most sections
throughout eastern Alberta, and near the outskirts of Med-
icine Hat, at the Galt Island section (Figs. 46.3 and 46.4) this
till is underlain by normally magnetised preglacial sands,
silts and clays which contain the Galt Island Tephra
(0.43£0.07 Ma; Westgate et al., 1978) as well as late
Irvingtonian fossils. (This age of the Galt Island Tephra
is considered a minimum age. The tephra has a mineralog-
ical assemblage similar to that of the Wellsch Valley
Tephra (0.78£0.04 Ma) and both have a Cascadian
source.) The till is overlain by interglacial sediments, which
are Sangamon in age, based on dates obtained from organics
and fossil bones and teeth (Stalker, 1976). These sediments
are assumed to be the equivalent of the interglacial Riddell
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f0005 FIGURE 46.1 Location map of Alberta, Saskatchewan and Manitoba study sites.
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Member of the Floral Fm, in Saskatchewan. The intergla-
cial deposits are overlain by three tills, separated in places
by intertill beds, some of which are considered to mark
interglacial or interstadial conditions. The tills are clearly
Wisconsian in age, and the uppermost till can be traced
westward across southern Alberta to sites where *°Cl dates
on erratics (Jackson et al., 1999) and radiocarbon dates on
organics and bone have confirmed a Late Wisconsinan age
(Stalker, 1969, 1976, 1982; Stalker and Wyder, 1983;
Stalker and Vincent, 1993). Further refinement of the
post-Sangamon deposits at Medicine Hat into early, middle
and late Wisconsian ages has been suggested by previous
workers (Stalker, 1976). At Manyberries, Alberta (60 km
south of Medicine Hat), glacio-lacustrine sediments depos-
ited by receding ice of the last glaciation contain the 12,000
14C ka BP Glacier Peak Tephra (Westgate, 1968), further
supporting a Late Wisconsinan age for the surface till in
southern Alberta.

All sediments at the Medicine Hat sections (including
Galt Island) are normally magnetised (Barendregt, 1976;
Barendregt ef al., 1977, 1988) and are assigned to the
Brunhes Normal Chron. This assignment is supported by
tephra and fossil data, as well as stratigraphical correlations
with nearby sites at Wellsch Valley, Saskatchewan. Pregla-
cial sediments in the Medicine Hat area are normally
magnetised, and based on the Galt Island Tephra and
late Irvingtonian fossils found there, are mid to early
Brunhes in age (0.78-0.30 Ma; Marine Isotope Stage
(MIS) 9-19).

46.2.2. Wellsch Valley Sections, near Swift
Current, Saskatchewan

Preglacial, glacial and non-glacial deposits of Late Pliocene
to Late Pleistocene age near Wellsch Valley, Saskatchewan
(Figs. 46.1 and 46.5) have been described from surface
exposures and borecores. Preglacial sediments at Wellsch
Valley are reversely magnetised (Barendregt et al., 1991,
1998a,b) and contain the Wellsch Valley Tephra
(0.78£0.04 Ma) as well as early Irvingtonian fossils
(Stalker, 1969, 1976, 1982; Szabo et al., 1973; Zymela
et al., 1988; Stalker and Vincent, 1993; Stewart and
Seymour, 1996), and therefore the sediments fall within
the late Matuyama (1.0-0.78 Ma). These and underlying
normally magnetised preglacial sediments are assigned to
the Empress Group, which ranges from the late Gauss
Normal Chron to the late Matuyama Reversed Chron
(Figs. 46.2 and 46.5). The overlying glacial tills (five in
total) are all normally magnetised and assigned to the
Brunhes Normal Chron. These tills can be correlated to out-
crop and borehole records near Regina and Saskatoon based
on lithostratigraphical characteristics described in Chris-
tiansen (1968, 1992). Overlying the preglacial sediments
is the upper till of the Dundurn Formation. This till is recog-
nised through large parts of Saskatchewan. At the Wascana
Creek site near Regina (Figs. 46.1 and 46.5), the Dundurn
is overlain by glacio-lacustrine sediments containing
the Wascana Creek Tephra, which is equivalent to
the Lava Creek B Tephra in the American Midwest
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0010 FIGURE 46.2 Geomagnetic polarity time scale (Cande and Kent, 1995) for LRO4 benthic 6'®0 palaeotemperature profile (Lisiecki and Raymo, 2005).
Black/white intervals represent normal/reversed polarity. Marine isotope stages (MIS) are labelled on LR04 (even numbers represent glacials; odd numbers
interglacials). MIS numbering scheme follows Ruddiman ez al. (1986, 1989) and Raymo et al. (1989, 1992) from present to MIS 104, and Shackleton ez al.
(1995) in the Gauss Chron. Arrow marks Holocene mean 5'%0 (Raymo, 1992).
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f0015 FIGURE 46.3 Late Neogene stratigraphy at Galt Island (Redcliff) section near Medicine Hat, Alberta.
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(0.639 £0.002 Ma; Lanphere et al., 2002). The association
of the ash with sediments of the Dundurn deglaciation
implies that this till was deposited during an MIS 16 glaci-
ation. The Dundurn is overlain by the normally magnetised
Warman Fm (MIS 14?) (Fullerton et al., 2004) which in
turn is overlain by lower and upper tills of the Floral Fm
(MIS 6 and 4), and by the Battleford Fm (MIS 2) at the
surface.

46.2.3. Wascana Creek Section and Borecore
near Regina, Saskatchewan

The Wascana Creek Tephra site is located 19 km northwest
of Regina, Saskatchewan. Only the upper two-thirds of the

Quaternary sediments outcrop along the west bank of the
Wascana Creek valley. The lower third has been studied
from borecores (Fig. 46.6). Outcrop and borecore records
reveal four tills (Mennon, upper till of the Dundurn, War-
man and Battleford formations) whose characteristics can
be correlated with type sections to the north, near Saska-
toon, Saskatchewan. Of note at this site is the presence of
the Wascana Creek Tephra (0.639 £+0.002 Ma; Lanphere
et al., 2002) within glacio-lacustrine sediments associated
with the Dundurn Fm and overlain by the Warman till. This
tephra is equivalent to the Lava Creek B Tephra, a Pearlette
ash from the Yellowstone area, and is found in a number of
localities in the American Midwest. It clearly dates the
Upper till of the Dundurn Fm to MIS 16 and points to the
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ISOTOPE  DATING MAGNETIC
SEDIMENTS AGE  STAGE  TOOLS POLARITY SITES

No Shield Stones

Upper Cretaceous
Foremost Fm.

“*minimum age, Westgate et al . 1878

antiquity of the underlying tills (lower till of the Dundurn
and the Mennon). If the latter two tills represent separate
glaciations, then the Mennon would be expected to fall in
MIS 20 or older and should be reversely magnetised. In fact,
recent measurements (Barendregt ez al., 2007, 2010a) made
from borecore sediments at Wascana Creek and Sutherland
(see below) indicate that the Mennon indeed falls within the
Matuyama Reversed Chron. The Mennon is underlain by
reversely magnetised sediments (gravels, clays and sands)
of the Empress Formation, and these sediments are proba-
bly of the same age as the preglacial sediments at Wellsch
Valley (latest Matuyama). Beneath the reversely magne-
tised sediments of the Empress Formation, at the base of
both the Wascana Creek and Sutherland borecores

[ Preglacial 1 Glacial 2 Interglacial [——] Postglacial

f0020 FIGURE 46.4 Late Neogene composite stratigraphy at Medicine Hat, Alberta.

(described below), is an interval of normally magnetised
sediments, also assigned to the Empress (Fig. 46.7). This
normal interval may be one of the Early Pleistocene normal
subchrons within the Matuyama (i.e. Jaramillo or Olduvai),
or may be Gauss age (>2.58 Ma).

46.2.4. Sutherland Borecore, Within City
Limits of Saskatoon, Saskatchewan

s0030

Borecores drilled in the Sutherland district of the City of poo4o

Saskatoon were collected from the reference sites for the
Sutherland Group (Christiansen, 1968). The Sutherland
Group (Fig. 46.7) includes all sediments between the
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f0025 FIGURE 46.5 Late Neogene composite stratigraphy from borecores and outcrops at the Wellsch Valley sites, near Swift Current, Saskatchewan.

preglacial Empress Group and the Saskatoon Group (Illi-
noian and younger deposits). Results (Barendregt et al.,
2007) from the first borecore were mixed, with a number
of tills yielding incoherent magnetisations and therefore a
second core was collected nearby. (Incoherent magnetisa-
tion may result from insufficient water content of till slur-
ries at time of deposition, preventing silt and clay-sized
ferromagnetic minerals from becoming oriented in the
earth’s field.) While some of the units produced incoherent
results in both cores, the Mennon, upper Dundurn and upper
Floral gave good results (Barendregt et al., 2007, 2010a).
The Mennon (lowermost till in Saskatchewan) is reversely
magnetised, while the Dundurn Fm (upper till) and the Flo-
ral Fm (upper till) are normally magnetised. Results from
the lower till of the Dundurn Fm as well as the Warman
and Floral Fm (lower till) were incoherent. Only the lower
part of the Empress Fm was sampled, and it is normal.
Taken together, the records from Wellsch Valley and
Wascana Creek, and Sutherland confirm a reversely

magnetised till (late Matuyama) at the base of the Quater-
nary sequence, underlain by preglacial sediments which are
likewise reversed, and based on the age and position of the
Wellsch Valley Tephra, were probably deposited right up
until the first continental (Laurentide) ice sheet arrived in
this region of Saskatchewan.

46.2.5. Lower Nelson/Hayes River Area near
Gillam, Manitoba

Thick sequences of both glacial and non-glacial sediments
(Fig. 46.8) are exposed where major rivers in the Hudson
Bay Lowlands are deeply incised through Quaternary
deposits. Four tills have been identified on the basis of prov-
enance, lithological composition, texture and colour. They
are, from oldest to youngest: Sundance till, Amery till,
Long Spruce till and Sky Pilot till. Sundance till is a sandy
granitic till of northwestern (Keewatin) provenance, while
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f0030 FIGURE 46.6 Late Neogene composite stratigraphy from borecore and outcrop records at the Wascana Creek valley site, near Regina, Saskatchewan.

the others are calcareous and of eastern (Labrador) prove-
nance (Dredge and Nielsen, 1987; Roy, 1998).

Non-glacial beds have been identified between tills at a
number of sites and have been correlated on the basis of
their stratigraphic position relative to the tills and on
palaeoecological criteria. They yield infinite radiocarbon
dates, and on the basis of palacogeographic and palacoeco-
logical constraints, indicate an ice-free Hudson Bay. The
top of the oldest till has a 2-m-thick leached zone containing
a subarctic pollen assemblage, which is therefore inter-
preted as a truncated palacosol. Amino acid racemization
studies of shells contained in non-glacial sediments and
in the Amery till suggest several marine inundations during
the Middle to Late Pleistocene.

Six sections in the lower Nelson/Hayes River area were
selected for palacomagnetic study. These are Limestone,
Henday, Sundance, Port Nelson, Stupart Creek and Echoing
Creek. They were chosen because each contains an exten-
sive glacial and non-glacial stratigraphy, which are well
preserved in a major preglacial valley system (of Tertiary
age). Collectively, the deposits span a considerable amount
of time, based on the presence of multiple tills sheets (of
differing provenance), the amount of time required to raise
and lower sea level by substantial amounts, the considerable
thicknesses of interglacial sediments, as well as extended
periods of soil development. As no absolute dating tech-
niques could be applied to the older sediments, palacomag-
netic measurements were made to determine whether
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FIGURE 46.7 Magnetostratigraphic correlation of Saskatchewan outcrop and borehole data from the Wellsch Valley, Wascana Creek and

Sutherland sites.

reversely magnetised (Matuyama Chron; 2.6-0.78 Ma) sed-
iments are present in the Hudson Bay Lowlands.

All units exhibit normal magnetisations (Barendregt
et al., 2007, 2010b), indicating that the Quaternary record
in the Hudson Bay Lowlands can be assigned to the Brunhes
Chron (<0.78 Ma) and falls within the Middle to Late
Pleistocene age (Fig. 46.2). The magnetostratigraphy of
the Hudson Bay Lowlands indicates that Brunhes Chron
glaciations occurred repeatedly in this region.

46.3. DISCUSSION

The age of North American Interior Plains glaciations is
less well constrained than Cordilleran glaciations, both in
terms of age and extent (Barendregt and Duk-Rodkin,
2011; Duk-Rodkin and Barendregt, 2011). Only in the
American Midwest (Minnesota, Nebraska, Iowa, Kansas
and Missouri) have reversely magnetised continental tills
been reported (Roy et al., 2004; Balco et al., 2005). Based
on tephra dates, these reversely magnetised glacial sedi-
ments fall within the early as well as late Matuyama
Reversed Chron (2.60-0.78 Ma). Barendregt et al. (2007)

reported the results of palacomagnetic measurements made
on borecore samples from south-central Saskatchewan.
A single reversely magnetised till (Mennon Fm) can be con-
fidently assigned to the latest Matuyama (MIS 20), based on
underlying and overlying tephras. Other than this MIS 20
glaciation, no Early Pleistocene continental tills have been
found. To the west, in Alberta, only a single (Late Wiscon-
sinan) glaciation covered most of the province, while areas
to the east of the ~700 m contour line saw two or more gla-
ciations. In south-central Saskatchewan, evidence for seven
glaciations is reported. Of these, six fall within the Brunhes
Normal Chron [one is Late Wisconsinan (MIS 2), one is
Early Wisconsinan (MIS 4), one is Illinoian (MIS 6) and
three are pre-Illinoian (>0.40 Ma; MIS 14?7, 16? and
18?]. The earliest glaciation falls within the latest
Matuyama Reversed Chron (> 0.78 Ma; MIS 20), based
on palaeomagnetism, tephras and fossil data.

46.4. CONCLUSIONS

In 1998, Barendregt and Irving provided a summary of the
magnetostratigraphical data for western Canada and the
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f0040 FIGURE 46.8 Late Neogene composite stratigraphy of Hudson Bay Lowland near Gillam, Manitoba.

northwestern USA. In these summaries, distribution and
extent of ice sheets in western North America are recon-
structed, based on some 70 magnetostratigraphic records,
and show marked differences between the Matuyama
and Brunhes Chrons (see Fig. 46.3 in Barendregt and Duk-
Rodkin, 2011, Chapter 32). During the Matuyama Chron,
ice appears to have been largely absent from large areas of
the southern prairie provinces in Canada and the adjacent
states of Montana and North Dakota, as well as from much
of the Arctic Islands. In the Late Matuyama a modest Kee-
watin ice centre formed, delivering ice as far distant as Banks
Island, North West Territories (NWT) and south-central Sas-
katchewan. In contrast, the Labrador/Hudson Bay ice centre
delivered ice as far south as Kansas during both the Early and
Late Matuyama (Roy et al.,2003; Balco et al.,2005). During
the Brunhes Chron, ice caps appear for the most part to have
been far more extensive than in the Matuyama, and only in
the southern Midwestern states did Brunhes-age ice not
reach previous limits. During the last major glaciation (Late
Wisconsinan), ice cover was continuous from Atlantic to
Pacific, with Cordilleran and Keewatin ice sheets in contact
in western Alberta, and along the eastern margin of the Mac-
kenzie Mountains in the NWT.
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Abstract

This paper summarises the continental (Laurentide) glacial history of the northern Interior Plains of Canada (Alberta,
Saskatchewan, and Manitoba) using magnetostratigraphy, tephrochronology, and paleosol data collected at type sections.
The use of borecores for retrieval of oriented till samples for paleomagnetic analysis, is discussed.
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