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ABSTRACT Researchers working in the Bow
River valley have identified a minimum of four
alluvial terraces, the upper two of which have
been designated as paired terraces. Over the
past 35 years, they have attempted to correlate
these alluvial landforms and to generate mod-
els for the development of the terraces along
the section of the Bow River between Calgary
and the Rocky Mountains. In this study,
Mazama ash and an early Holocene paleosol
are used to correlate the terrace suites exam-
ined by previous researchers and to generate
a model which accounts for the development
of the upper two sets of paired terraces.These
paired terraces reflect major episodes of
aggradation and degradation that result from
changes in independent variables such as cli-
mate and uplift. The initial episode of aggra-
dation, dating from the late Pleistocene, is the
result of paraglacial processes in a sparsely
vegetated, yet saturated environment.
Following a brief episode of degradation at the
end of the Younger Dryas, the second episode
of aggradation, dating from 9000 to 5000 BP, is
caused by increased sediment load and low-
ered stream power during the Hypsithermal.

RÉSUMÉ Évolution fluviale : élaboration d’un
modèle expliquant la formation des terrasses
le long de la Bow River, en Alberta. Les cher-
cheurs travaillant dans la vallée de la rivière
Bow ont identifié au moins quatre terrasses
alluviales, dont les deux supérieures ont été
identifiées comme étant appariées. Au cours
des 35 dernières années, ils ont essayé de
corréler entre elles ces formes alluviales et
d’élaborer des modèles appropriés à la for-
mation des terrasses le long de la Bow River,
entre Calgary et les Rocheuses. Dans la pré-
sente étude, les cendres de Mazama et un
paléosol de l’Holocène inférieur ont servi à
faire la corrélation entre les ensembles de ter-
rasses étudiés précédemment et à élaborer
un modèle pouvant expliquer la formation des
deux ensembles supérieurs de terrasses
appariées. Ces dernières résultent d’épisodes
importants d’alluvionnement et de déblaie-
ment qu’ont entraînées des modifications
apportées à des phénomènes agissant de
façon indépendante, comme le climat et le
relèvement isostasique. Le premier épisode
d’alluvionnement, survenu au Pléistocène
supérieur, est le résultat de processus para-
glaciaux agissant dans un milieu présentant
une végétation clairsemée, bien que saturé.
Après un court épisode de déblaiement à la
fin du Dryas inférieur, le deuxième épisode
d’alluvionnement (9000-5000 BP) est provo-
qué par une augmentation de la charge soli-
de dans un cours d’eau de faible compétence,
à l’Hypsithermal.

RESUMEN Evolución fluvial : elaboración de
un modelo que permita explicar la formación
de terrazas a lo largo del Bow River, en
Alberta, Canadá. Los estudios hechos en el
valle del Bow River identifican por lo menos 4
terrazas fluviales, las dos terrazas superiores
son consideradas terrazas apareadas.
Durante los últimos 35 años se ha intentado
relacionar estos relieves fluviales y generar
modelos que permitan explicar la formación
de terrazas a lo largo de la sección del Bow
River entre Calgary y las Rocosas. En este
estudio, las cenizas de Mazama y análisis de
paleosuelos datando del Holoceno tempra-
no han sido empleados para establecer una
correlación de la serie de terrazas exami-
nadas con anterioridad y así generar un
modelo que explique la formación del con-
junto de las terrazas superiores. Este par de
terrazas refleja episodios importantes de sed-
imentación y pérdida de materiales como
resultado de cambios en variables indepen-
dientes tales como el clima y el elevamiento.
El primer episodio de sedimentación data del
Pleistoceno superior, y fue el resultado de un
proceso paraglaciar acontecido en un ambi-
ente escasamente cubierto de vegetación y
sin embargo saturado. Después de un episo-
dio breve de degradación al final del periodo
de Younger Dryas, un segundo episodio de
sedimentación (situado entre 9000 y 5000
años anteriores al presente) fue provocado
por un incremento de la acumulación de sedi-
mentos ocasionado por la disminución de la
fuerza del cauce durante el Hypsithermal.
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E-mail address: gaoetela@ucalgary.ca

RIVER OF CHANGE: A MODEL FOR THE
DEVELOPMENT OF TERRACES ALONG
THE BOW RIVER, ALBERTA
Gerald A. OETELAAR, Department of Archaeology, University of Calgary, 2500 University Drive N.W., Calgary, Alberta T2N 1N4.

GPQ_56-2-3.qxd  13/05/04  9:58 AM  Page 155



G. A. OETELAAR156

Géographie physique et Quaternaire, 56(2-3), 2002

INTRODUCTION

Alluvial terraces or remnants thereof are differentially pre-
served in drainage basins of varying sizes and are often used
by geomorphologists and archeologists to reconstruct the
postglacial evolution of stream and river valleys in western
Canada (e.g., Reeves, 1967; McPherson, 1968; Rains, 1969;
Wilson, 1974; Stene, 1976, 1980; Welch, 1983; Wilson, 1983;
Ryder and Church, 1986; Rains, 1987; Rains and Welch,
1988; Bryan et al., 1987; O’Hara and Campbell, 1993; Rains
et al., 1994, Barling, 1995; Jackson, 1997). Although some of
the early studies addressed structural concerns associated
with dam construction (e.g., Pollock, 1962) or slope stabiliza-
tion (e.g., Thomson and Townsend, 1979), most of the recent
research focuses on the potential use of terraces as geomor-
phological indicators of Holocene environmental change (e.g.,
Brakenridge, 1980; Bryan et al., 1987; Rains and Welch, 1988;
O’Hara and Campbell, 1993; Rains et al., 1994). That is,
researchers attempt to relate episodes of erosion and depo-
sition to changes in climate as inferred from proxy indicators
such as pollen cores or lacustrine deposits (Jackson, 1997).
While acknowledging a possible correlation between climate
and terrace development, most researchers emphasize the
lack of a direct relationship which they attribute to poor chrono-
logical controls and the complex nature of terrace formation.

Although the identification of terraces may seem relatively
straightforward, identifying the processes responsible for the
formation of those landforms is anything but simple. At a basic
level, the formation of an alluvial terrace involves an episode
of fluvial deposition followed by one of river incision (e.g.,
Thornbury, 1969). The factors and processes responsible for
the episodes of deposition and incision, however, are numer-
ous, complex, and variable from one drainage system to the
next (e.g., Wolman and Leopold, 1957; Schumm and Lichty,
1963; Bull, 1988, 1990; Schumm, 1993; Blum and Straffin,
2001). For example, deposition may occur by channel aggra-
dation, lateral accretion and/or overbank sedimentation.
Further, these processes are influenced by local and region-
al controls such as geology, base level, channel morphology,
sediment load, and water velocity. Similarly, episodes of inci-
sion vary in intensity and are controlled by variables such as
changes in the water table, base level or water flow.
Degradation can be triggered from both upstream and down-
stream directions but always results in channel incision with
the concomitant removal of sediment and abandonment of
the floodplain. Finally, sediment delivery to the system can be
altered by any number of local, regional, or global changes in
tectonics, isostatic and/or eustatic adjustments, and climate.
More importantly, these changes can affect only part of the
river system or rejuvenate the entire drainage network. To
understand the evolution of fluvial landforms along a particu-
lar section of the river then, it is important to consider all fac-
tors influencing changes in discharge, sediment supply and
sediment storage along both the upstream and downstream
stretches of the drainage system.

According to a number of recent studies (e.g., Schumm and
Brakenridge, 1987; Bull, 1988, 1990; Schumm, 1993; Blum and
Törnqvist, 2000; Blum and Straffin, 2001), major episodes of
aggradation or degradation are the result of changes in the

threshold of critical power or the ratio of stream power over
resisting power.That is, an increase in stream power relative to
resisting power results in degradation whereas the inverse
leads to aggradation.Variables that increase stream power and
thus favour degradation include stable, vegetated hill slopes
that yield very little sediment by processes of fluvial erosion or
mass movement; increases in precipitation as measured by
annual rainfall or by the frequency of high-intensity prolonged
rainfalls; tectonic uplift that increases relief, drainage density,
and longitudinal slopes of valley floors, and lowering of the rel-
ative base level. By contrast, aggradation generally is caused
by the inability of a stream to transport all of its bedload due to
decrease in stream discharge, and/or increase in amount and
size of bedload. Variables that increase resisting power and
thus favour aggradation include an abundance of stored sedi-
ment on unstable hillslopes; a decrease in vegetation cover
resulting from climatic changes or fires; an increase in rainfall
intensity; a lack of uplift, and a rise in relative base level.

The focus of this study is on the upper two, paired, late
Pleistocene and early Holocene alluvial terraces along a sec-
tion of the Bow River extending from the town of Cochrane to
the city of Calgary. Although stratigraphic profiles and sedi-
ments within the different terraces are briefly described, the
primary objective of this research is to correlate Stalker’s
(1968a) terrace sequence in Cochrane with Wilson’s (1983)
terrace suite in the city of Calgary. Although such correlations
are normally based on relative elevations and large numbers
of radiocarbon dates (e.g., Rains and Welch, 1988), this study
relies on tephrochronology to establish the contemporaneity of
specific terrace remnants along this 40-km section of the Bow
River. Six stratigraphic profiles containing Mazama ash are
used to demonstrate that Stalker’s (1968a) Terrace 4 is
penecontemporaneous with Wilson’s (1983) T-3 terrace. The
elevations, sediments, and published radiocarbon ages of
higher terrace remnants adjacent to four of the sections are
briefly described and presented.This information is then com-
bined with data on isostatic rebound, base level, climate, veg-
etation, sediment supply and stream power to reconstruct the
development of terraces along the Bow River Valley during
the late Pleistocene and early Holocene. Briefly, two intervals
of sediment accumulation and two episodes of sediment
removal are identified for the interval between 12 000 and
5000 BP. In this and all subsequent discussions, dates are
presented as uncalibrated radiocarbon years before present.

PREVIOUS STUDIES

Although early explorers and geologists have described
the terraces along the Bow River (e.g., Dawson, 1885; Dawson
and McConnell, 1895; Rutherford, 1927;Tharin, 1960), Stalker
(1968a) was the first to conduct a systematic study of these
alluvial landforms. He identified a sequence of eight terraces
in the Cochrane area which, from oldest to youngest, were
labeled as T-1 through T-8.The upper three terraces were iden-
tified as deltas formed by Bighill Creek as it emptied into
Glacial Lake Calgary whereas Terraces 4 through 8 were inter-
preted as alluvial landforms created by the Bow River. To
Stalker, the upper terraces were deposited along the shores of
Glacial Lake Calgary sometime between 15 000 and
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12 000 BP.Thereafter, the Bow River incised and then aggrad-
ed its bed to build the Bighill Creek Formation, a thick gravel
and sand unit containing vertebrate fossils dating between
11 500 and 10 500 BP. Sometime after 10 000 BP, the river cut
into the Bighill Creek Formation and formed the lower terraces
identified at Cochrane.

Although several other researchers have examined the ter-
races along the Bow River (e.g., Churcher, 1968; Rutter, 1972;
Roed and Wasylyk, 1973; Harris, 1977; Osborn, 1977; Smith,
1977; Wilson and Churcher, 1978; Jackson et al., 1982; Wilson
and Churcher, 1984; Harris, 1985), only Wilson (1974, 1983)
has provided a comparably detailed description of the late
Pleistocene and Holocene terraces in the Calgary area. From
oldest to youngest, these were identified as T-5 through T-1. In
his study, Wilson identified the gravels of the Bighill Creek
Formation and, based on dates obtained from the inclusive
vertebrate fossils, argued that these sediments formed as the
distal facies of an aggrading braided river sometime before
10 200 BP. Later, the river incised a channel into these grav-
els and formed the paired terrace remnants, which he identi-
fied as T-4. In the Calgary area, T-3 surfaces were also paired
but had a thick layer of weakly banded silt overlying the basal
gravels.These fine sediments, which consisted of silty clays to
sandy silts, contained a band of Mazama ash and a pre-
Mazama paleosol. According to Wilson (1983: 72), the T-3 fill
accumulated sometime between 9500 and 5000 BP. Finally,
the lower two terraces along this section of the Bow River
were unpaired point bar slipoffs with capping overbank silts
which formed sometime after 5000 BP.

In a series of publications, Harris (1977, 1985) and his col-
leagues (Harris and Boydell, 1972; Harris and Waters, 1977;
Harris and Ciccone, 1983, 1986) provided an alternative expla-
nation of late glacial and early postglacial events in southwest-
ern Alberta and offered a competing interpretation for the devel-
opment of terraces along this section of the Bow River. Harris
(1985) noted a strong relationship between the elevations of
the terraces and corresponding values for the bottoms of the
Glacial Lake Calgary spillways. On the basis of this informa-
tion, he concluded that the terraces formed during successive
episodes of glacial lake drainage. In his opinion then, episodes
of alluvial deposition were related to stable lake levels while
periods of incision were associated with successive drops in
base level as Glacial Lake Calgary drained through spillways at
progressively lower elevations. According to this competing
model, labeled the Glacial Lake Theory, most of the terraces
along the Bow River between Cochrane and Calgary must have
formed in a 2000-year interval between 10 000 and 8000 BP.

METHODS

In 1998, an archeological investigation of an historic ceme-
tery in Cochrane, Alberta uncovered evidence to help resolve
these conflicting interpretations of terrace formation along the
Bow River. During these excavations, a layer of Mazama ash
was exposed in the walls of several graves approximately 1.9 m
below surface. Since the graves dated from 1895 to 1905, the
sediments incorporating the Mazama ash were obviously in pri-
mary contexts. More importantly, the historic cemetery was

located on the grounds of the Nan Boothby Memorial Library
(formerly St Mary’s Catholic Church) at the corner of 1st Avenue
and 2nd Street in downtown Cochrane. As such, the cemetery
was located on Stalker’s (1968a) T-4 terrace and offered a time-
parallel marker for correlating the terraces in Cochrane with
those identified by Wilson (1983) some 40 km downstream.

The layer of Mazama ash exposed in the historic cemetery
occurred in fine-grained alluvial sediments overlying a gravel
unit of unknown thickness. Although the gravels were not
encountered during the archeological investigations, they were
uncovered some 2.5 to 3 m below surface during the excava-
tion of a nearby basement. In the Calgary area, the Mazama
ash and a pre-Mazama paleosol occurred in 2 m of fine sedi-
ments overlying the basal gravels of Wilson’s T-3 terrace. The
presence of Mazama ash indicates that these landforms are
contemporaneous while the profiles suggest that the terraces
formed under similar fluvial regimes. Of course, the correlation
would be strengthened by locating and examining additional
sections along the Bow River between Cochrane and Calgary.
Further, it would be necessary to establish the fluvial origin of
the respective landforms since the tephra and paleosol are
also preserved in coalescent fans (Wilson, 1983: 219) and bluff
edge dunes (e.g., Harrison, 1973; Wilson, 1983: 239; Oetelaar
and Zaychuk, 1997) along the margins of the valley.

A total of six stratigraphic sections were recorded along the
40-km segment of the Bow River. The locations of the expo-
sures are depicted in Figure 1 while the pertinent data are
summarized in Table I. Of these, two were exposed in archeo-
logical excavations (Localities 1 and 6), two were examined
along the banks of the river (Localities 2 and 5), one was based
on the analysis of borehole data (Locality 4), and one was
included in earlier reports (Locality 3). At each one of these
locations, terraces at higher elevations were cursorily exam-
ined and are briefly described and discussed below. Figure 2
depicts the longitudinal profile of the river as well as the ele-
vation of the T-3 terrace treads above the river. Stratigraphic
sections for T-3 at each of the locations are included in Figure
2 while descriptions of the sedimentary units are summarized
in Table II.

RESULTS

Within the study area, there are, in fact, three sets of paired
terraces at elevations of 60, 30 and 15 m above the Bow River
although the elevation of the terrace treads relative to the river
decreases somewhat downstream. The terrace treads identi-
fied in this study correspond to Wilson’s T-5 (60 m), T-4 (30 m)
and T-3 (15 m) and to Stalker’s T-3 (60 m) and T-4 (20 m).
Stalker (1968a) recognized T-4 as fluvial in origin but identified
T-3 as a deltaic deposit whereas Wilson (1983: 192) consid-
ered T-5 and T-4 to “...represent, respectively, filltop and fill-
strath terraces in the Bighill Creek Formation”. Although
Wilson’s (1983) terminology (e.g., T-5, T-4, and T-3) is adopt-
ed in this study, the nature and genesis of T-5 remains uncer-
tain and deserves further study. Similarly, for reasons of clar-
ity, only representative type sections for each of these terraces
are described below noting, where necessary, the variability
observed along the river.
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FIGURE 1. Map of the Bow River showing the location of the terraces and stratigraphic sec-
tions. 1-6 stratigraphic sections; T-3, T-4, T-5 terraces.

Carte de la Bow River montrant l’emplacement des terrasses et des coupes stratigraphiques.
Coupes stratigraphiques 1-6 ; terrasses T-3, T-4 et T-5.
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Preserved remnants of the T-5 terrace are identifiable north of
the river at Cochrane Heights (Stalker’s T-3), at the Bearspaw
dam, and in Parkdale-West Hillhurst (Fig. 1). South of the river,
T-5 occurs northeast of Springbank and south of Bowness in
Calgary (Wilson, 1983: 192). In the Cochrane area, the surface
of T-5 is approximately 60 m above the river while in the Calgary
area the difference in elevation is slightly less than 60 m.Where
present, these terraces consist of gravels overlain by a thin
(ca. 30 cm) veneer of fine-grained sediments (Wilson, 1983:
192). Although no exposures were examined as part of this
study, utility workers in Cochrane have reported the presence of
gravels beneath a thin layer of silt in the Cochrane Heights area.

Remnants of the T-4 terrace occur on the north side of the
river south of Bearspaw and in the Montgomery-Parkdale area
of Calgary (Wilson, 1983: 192). South of the river, remnants of
T-4 have been identified at Locality 2 and west of Locality 3

(this study) as well as in the Bowness area of Calgary (Wilson,
1983: 192).These terrace treads occur at 30 m above the level
of the river although this vertical distance decreases down-
stream.

At Locality 2, the surface of the terrace is truncated by a
number of relict channels reminiscent of a braided river. Here,
the stratigraphic section includes moderately sorted gravels
overlying bedrock some 10 m below the surface. The gravels
are, in turn, capped by approximately 75 cm of fine-grained
sediments, some of which display the massive structure typ-
ical of bluff edge dunes. The surface of the terrace next to
Locality 3 has a broad, relatively deep, relict channel along
the base of the upland slope and is dissected by several shal-
lower depressions reminiscent of a braided system.The strati-
graphic section at this location includes moderately sorted
gravels overlying bedrock. A thin cap (<30 cm) of fine-grained

TABLE I

Locational and basic descriptive data for the stratigraphic sections at each locality discussed in this study

1
2
3
4
5
6

9
6

10
9

11
2

3
30
1
5

26
16

26
25
25
25
24
24

4
3
3
2
2
1

1 154
1 123
1 100
1 092
1 085
1 058

3 750
3 650
3 575
3 550
3 525
3 440

23
15
15
15
15
8

75
50
50
50
50
25

Locality
number

LSD Sec Twp Rge

1.87
1.00
1.06
1.50
0.97
2.13

Depth
of ash

(m) (m) (m)(ft)

Legal description Elevation
above sea level

(m) (ft)

Elevation
above river

?
Yes
Yes
?

Yes
Yes

?
1.20
1.67

?
1.34
2.99

Paleosol
present

Depth to 
paleosol

FIGURE 2. Longitudinal profile of the Bow River showing the relative
elevations of T-3 terrace treads and upland ridges. Sedimentary units
represented in the stratigraphic sections are also presented and cor-
related. Vertical scale on the sections is exaggerated.

Profil longitudinal de la Bow River montrant l’altitude relative des
replats de la terrasse T-3 et des crêtes des collines. Les unités sédi-
mentaires représentées dans les coupes stratigraphiques sont cor-
rélées entre elles. L’échelle verticale au droit des coupes est exagérée.
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sediment is often absent, especially in areas of high traffic,
exposing the underlying gravel (Fig 3).

On the north side of the river, the T-3 terrace occurs in the
town of Cochrane (Stalker’s T-4) at Locality 1 and near the fil-
tration plant in Calgary at Locality 4.T-3 is also identifiable south-
west of Glenbow at Locality 2, near the Bearspaw dam at
Locality 3, at the Highway 1 crossing (Locality 5) and at the
Mona Lisa site in downtown Calgary (Locality 6). In general,
the surface of this terrace occurs approximately 15 m above
the river although the relative elevation actually varies from 23
and 8.5 m. The stratigraphic profile of this terrace is best rep-
resented at Locality 5 where Highway 1 intersects the Bow River
in northwest Calgary (Fig. 4).This type section has been exam-
ined and described by a number of authors but only Wilson
(1974, 1983) published a description of the sediments. As a
result, the ensuing discussion of the profile derives primarily
from his published account and my personal observations.

The exposure along the bank of the river at Locality 5 is over
200 m long and includes 1.85 m of silt and sand overlying grav-
el.The gravel is moderately sorted with some interstitial silt and
occasional silt and fine gravel lenses. This sedimentary unit,
identified as Unit D in Table II, was encountered at four of the six
stratigraphic sections. Although Unit D was not encountered at
Locality 1 during the archeological investigations, this gravel
layer was exposed at a depth of 2.5 to 3 m below surface dur-
ing the excavation of a basement nearby. At Locality 3, gravel
was not encountered even though the exposure extended
2.65 m below surface (Waters and Rutter, 1984). Despite this
absence, Unit D is clearly identifiable as a coarse sediment that
has, at minimum, been partially sorted by fluvial processes.

Where exposed, the overlying fine-grained sediments vary
in thickness from a minimum of 0.96 m at Locality 5 to a max-
imum of approximately 2 m at Locality 6. As noted in Table II,
a minimum of three sedimentary units, labeled Units C, B, and
A, are represented in this portion of the stratigraphic profile. At
Locality 5, Unit C is 0.86 m thick and consists of a light brown
silt loam with evidence of bedding. Elsewhere, this sedimen-

tary unit varies from 0.75 to 1.56 m in thickness and includes
varying amounts of sand, silt and clay as well as low angle
cross beds and cut and fill structures (Waters and Rutter,
1984). Again, the nature and structure of this deposit is con-
sistent with deposition by fluvial processes.

At Locality 5, Unit C includes a very distinct, paleosol, locat-
ed approximately 32 cm below the bottom of the ash (Fig. 4).
Where present, the buried soil includes one (Localities 2 and
5), two (Locality 6) or three (Locality 3) closely spaced Ah
horizons that appear to represent a complex of welded soil
profiles. Such pedogenic units are interpreted as the result of
episodic deposition by overbank floods followed by periods of
stability and soil development (Blum and Straffin, 2001: 200).
This early Holocene paleosol has been identified at a num-
ber of localities in the Calgary area and has yielded radiocar-
bon dates ranging from 8700 to 7700 BP (e.g., Harrison, 1973;
Wilson, 1983; Waters and Rutter, 1984). In fact, a paleosol of
this age and in a similar stratigraphic position has been noted
at several localities across southern Alberta (e.g., Reeves and
Dormaar, 1972; Dormaar, 1976; Valentine et al., 1987) and
has been associated with an early Holocene episode of land-
scape stability (e.g., Sauchyn, 1990, 1993).

At Locality 5, the layer of Mazama ash is 7 cm thick and
occurs approximately 0.97 m below the surface. Identified as
Unit B, this tephra has been encountered in all of the sections
examined. In this section of the Bow River valley, the ash layer
is generally 7 to 10 cm thick and occurs a depths ranging from
0.96 to 2.0 m below surface. The tephra has been positively
identified as Mazama ash in four of the six sections whereas
the colour and thickness of the deposit at Localities 2 and 4
are consistent with this identification. Finally, the upper unit, or
Unit A, at Locality 5 is a light brown silt loam with evidence of
bedding. Interbedded lenses of clay, silt, sand and gravel are
evident in all other exposures examined, indicating that this
sedimentary unit is also of fluvial origin, probably the result of
overbank deposition.

DISCUSSION

The correlation of the stratigraphic sections along this
40 km segment of the Bow River challenges Harris’ (1985)
model of terrace formation and provides only partial support
for the fluvial model proposed by Stalker (1968a) and Wilson
(1983). Before describing the model proposed in this study, it
is perhaps informative to review briefly the interpretive frame-
work of these earlier researchers. In the most recent synthe-
sis of the data, Jackson et al. (1982) outline the following
chronology of events leading to the formation of alluvial ter-
races along the Bow River from the Rocky Mountains to the
city of Calgary. These researchers recognize an episode of
incision sometime between 15 000 and 12 000 BP following
the drainage of Glacial Lake Calgary. As mountain glaciers
receded between 12 000 and 10 000 BP, mass movement of
the unstable ice marginal deposits overloaded the mountain
streams and delivered large quantities of coarse sediment to
the major rivers including the Bow. During this interval, a braid-
ed river occupied the valley of the Bow and deposited the
gravels of the Bighill Creek Formation. A decrease in sediment

TABLE II

Descriptions of sedimentary units identified in the stratigraphic 
sections of the T-3 terrace

A a light brown silt loam from 90 to 180 cm thick with

evidence of fine horizontal bedding and interbedded

sands and gravels

Unit Legal description

B a pinkish to very pale brown volcanic ash, 7 to 10 cm

thick with a straight, abrupt lower boundary and a

somewhat less distinct upper boundary

C an olive to grayish brown sediment with textures ranging

from silty clay to sandy silt, 65 to 180 cm thick. Structure

varies from thinly bedded with discontinuous coarse

sand lenses to cut and fill and low angle crossbeds

D a moderately sorted coarse gravel with lenses of fine

gravel and sand
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FIGURE 3. Photograph of the T-4
terrace west of Locality 3 showing
cobbles (shown by arrow) exposed
on the surface. View to the east.

Photographie de la terrasse T-4 à
l’ouest du site no 3 montrant les
pierres en surface (flèche). Vue
vers l’est.

FIGURE 4. Photograph of the stra-
tigraphic section at Locality 5 sho-
wing the Mazama ash and pre-
Mazama paleosol. View to the
west. Letters indicate sedimentary
units.

Photographie de la coupe strati-
graphique au site no 5 ; on y
observe la cendre de Mazama et
le paléosol de l’Holocène inférieur.
Vue vers l’ouest. Les lettres identi-
fient les unités sédimentaires.

delivery approximately 9000 BP caused the river to change
from an aggradational braided to a degradational meander-
ing regime, a pattern which persisted until perhaps as late as
5500 or 5000 BP. By 4600 BP, the Bow River assumed its cur-
rent quasi-stable, low-sinuosity, meandering, single-channel
format and formed the lower unpaired terraces.

Although these studies outline a general chronology of ter-
race formation, they do not address adequately the variables
and processes responsible for the changes from aggradation-
al to degradational regimes.To a great extent, this shortcoming
reflects the state of the art at the time of their research. As indi-
cated previously, our perspectives of and approaches to the

study of river terraces have changed a great deal in the past
twenty years. In particular, paired terraces are generally
assumed to reflect major episodes of aggradation and degra-
dation that result primarily from changes in independent vari-
ables such as climate and uplift (Bull 1988, 1990). If this is cor-
rect, then the formation of the paired terraces along this 40-km
section of the Bow River should relate to changes in these vari-
ables. As noted below, such changes are well documented for
the study area and do correlate well with the timing of terrace
formation. In fact, it is possible to define two major episodes of
aggradation and two intervals of degradation responsible for
the formation of T-4 and T-3. Furthermore, the inferred ages
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for the changes in the threshold of critical power coincide with
dramatic changes in climate, uplift, base level, vegetation, sed-
iment load and stream discharge.The documented changes in
these variables are summarized as follows.

AGGRADATION EPISODE 1

Chronology

For the reach under consideration in this research, the cur-
rent river appears to flow in a preglacial valley carved in the
local bedrock.The preglacial valley includes a minimum of two
coarse gravel fills which vary somewhat in age and origin.The
Saskatchewan Gravels and Sands (e.g., Stalker, 1968b),
which have been identified in a number of river valleys in
southern Alberta, represent a preglacial deposit that contains
the remains of Pleistocene fauna dating between 45 000 and
20 000 BP (Stalker, 1968a; Wilson, 1983; Burns, 1996). The
Bighill Creek Formation, in turn, contains poorly sorted grav-
els and sands with a similar assemblage of faunal remains, but
dating between 12 000 and 10 000 BP (Burns, 1996).
Although there are subtle differences between these alluvial
gravels, often only the radiocarbon dates obtained on the sam-
ples of wood or bone allow researchers to segregate the sed-
iments with any degree of confidence.This identification prob-
lem becomes particularly important when one attempts to use
these data to determine the nature and age of the upper ter-
race along this section of the Bow River. However, the distri-
bution of dated material within the valley clearly indicates an
episode of incision into the Saskatchewan Gravels and Sands
prior to the deposition of the Bighill Creek Formation
(Churcher, 1968; Stalker, 1968a, Wilson and Churcher, 1978;
Wilson, 1983). Given the age of the latter, this interval of
degradation occurred sometime during the initial retreat of the
Late Wisconsinan Laurentide Ice Sheet from this area. The
incision of the river into the preglacial gravel was probably the
result of isostatic rebound and water draining from glacial
lakes. Based on the available radiocarbon ages from materi-
als in the Bighill Creek Formation, the subsequent period of
aggradation started sometime before 11 500 BP and, for rea-
sons outlined later, lasted until 10 000 BP.

Climate

The interval between 11 000 and 10 000 BP is identified
as an episode of slight Cordilleran glacial advance coeval with
the Younger Dryas (Reasoner et al., 1994). In the Bow River
Valley, for example, the Crowfoot Advance occurred between
ca. 11 330 and 10 100 BP (Reasoner et al., 1994). The
Cordilleran ice advance, although limited in extent, probably
reduced the amount of meltwater delivered to the Bow drainage
system. Similarly, in extreme northeastern Alberta, the Beaver
River moraine was created by a Laurentide glacial readvance
during the Younger Dryas cold interval (Fisher, 1993).

Isostacy

The glacial re-advance during the Younger Dryas would
have decreased, even more, the rate of isostatic rebound

which, at this point in time, was considerably slower than dur-
ing the preceding episode of incision. That is, by 11 500 BP,
the Cordilleran ice sheets had retreated to their present loca-
tion in the mountains (Reasoner et al., 1994) while the margin
of the continental ice sheet was located in the northeast cor-
ner of the province (Dyke and Prest, 1987). Similarly, many
of the ice marginal and proglacial lakes in the province had
drained before this date (St-Onge, 1972). As a result, the rate
of isostatic uplift in the mountains and foothills was already in
decline when the Cordilleran and continental ice sheets start-
ed to expand around 11 000 BP. The lowered rate of uplift in
the upstream stretches of the drainage system at this time
favoured net sediment accumulation. At the same time, the
meltwaters accumulating in Glacial Lake Agassiz gradually
increased the relative base level of the drainage system.When
combined then, the lowered rate of isostatic rebound upstream
and the higher relative base level downstream created a sys-
tem favouring net sediment accumulation.

Vegetation

Pollen cores from mountain lakes indicate the presence of
a sedge and grass community but one with sparse vegetation
(Reasoner and Huber, 1999). At Crowfoot Lake, the pollen
and macroscopic remains in Zone 1, dating from 11 330 to
10 100 BP, suggest a sparsely vegetated, unstable landscape
associated with recently deglaciated terrain in the upper Bow
Valley. Comparable vegetation communities are represented
for roughly the same interval in pollen cores from Lake O’Hara
(Reasoner and Hickman, 1989), Copper Lake and Kingfisher
Pond (White, 1987), and Yamnuska Bog (MacDonald, 1982).
In the Foothills at Toboggan Lake, the local vegetation at this
time is generally sparse and dominated by herbs and shrubs,
namely Artemisia and Gramineae (MacDonald, 1989). Further
east, the few scattered pollen cores with early Holocene
records indicate the presence of a community dominated by
Picea and Artemisia (Ritchie, 1976). This sparsely vegetated
landscape was susceptible to episodes of erosion which
increased the sediment delivered to the drainage system.

Sediment load

During this interval, paraglacial activity was responsible for
the delivery of substantial amounts of sediments into the
mountain drainages as various ice-marginal deposits lost the
physical support previously afforded by ice lobes (Jackson et
al., 1982). The rapid delivery to the Bow (Fedje et al., 1995)
and Kananaskis rivers of large volumes of sediment contain-
ing a significant coarse fraction overloaded these streams in
terms of sediment load and clast size. The predictable hydro-
logic response of aggradation and braided channel develop-
ment ensued, resulting in the deposition of the Bighill Creek
Formation. Even though the wedges of coarse sediment
extended down the valleys well beyond the mountains, unsta-
ble landscapes were also present in the foothills and plains.
Here, the steepened slopes created by the ice and water
adjusted to more stable profiles by mass-wasting, thereby
increasing the sediment loads delivered to the lower reaches
of the river (Wilson, 1983: 207-212). Stream discharge was
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adequate to flush out the fine-grained glacial lake sediments
but left behind a large amount of coarse gravel in the Bow
River valley. In short, paraglacial processes and erosion of
the sparsely vegetated landscape increased the sediment load
being delivered to the river system during this interval

Stream discharge

Even though the cooler climate reduced the amount of melt-
water being generated by the ice sheets, a substantial amount
of ground-water was still being contributed to the drainage sys-
tem from the saturated sediments and the water trapped in
ponds and lakes scattered across the landscape, especially in
the mountains. Similarly, the sparse vegetation probably con-
tributed to increased runoff especially during heavy rainfalls.
Thus, stream power was still substantial, enabling the rivers
and streams to transport sediment loads in excess of those
observed today. That is, stream discharge was sufficient to
remove the fine sediment and to displace the coarser materi-
als downstream, particularly during flood episodes. Such
coarse-grained channel belts are, in fact, characteristic of gla-
cial period fluvial deposits (Blum and Straffin, 2001).

Summary

The decreasing rate of isostatic rebound and the increase in
base level tended to flatten the longitudinal profile of the system
during this interval. At the same time, the climate was respon-
sible for a decrease in discharge and, by extension, stream
power. Finally, the sparse vegetation and paraglacial activity
combined to increase the sediment load introduced into the
drainage system.When combined, these factors created a sys-
tem favouring net sediment accumulation and were responsible
for the episode of aggradation illustrated in Figure 5a.

DEGRADATION EPISODE 1

Chronology

Since this episode represents an interval of net sediment
removal or incision, the onset cannot precede the most recent
date for the Bighill Creek Formation, the sedimentary unit
deposited during the preceding interval. According to Wilson
(1983: 189), the most recent acceptable date obtained on fau-
nal remains recovered from the Bighill Creek Formation is
10 200 ± 280 BP (GSC-3065) or approximately 10 000 BP.
Even though the sample of dated materials has increased sig-
nificantly since 1980, the limiting dates for the Bighill Creek
Formation have remained unchanged (Churcher, 1968; Burns,
1996; Kooyman et al., 2001). A date of 10 000 BP for the onset
of this episode of degradation is also consistent with the dra-
matic change in climate marking the end of the Younger Dryas
Chron (Dansgaard et al., 1989) and the concomitant changes
in vegetation (MacDonald and McLeod, 1996). Finally, this
episode of degradation is coincident with a dramatic lowering
of the water level in Glacial Lake Agassiz at about 9900 BP
(Smith and Fisher, 1993). For reasons discussed in a later
section, this episode of incision was comparatively brief, end-
ing sometime around 9000 BP.

FIGURE 5. Late Pleistocene and Holocene stratigraphic framework for
the Bow River. A) Schematic cross-section of the pre-glacial valley with
Saskatchewan Gravels and Sands and the aggraded surface after dep-
osition of Bighill Creek Formation. B) Schematic cross-section of the
Bow River after the first episode of degradation. C) Schematic cross-
section of the Bow River after the episode of early Holocene aggrada-
tion. D) Schematic cross-section of the Bow River today after the onset
of the second episode of degradation. T-4, T-3, T-2, T-1 terraces.

Cadre stratigraphique de la Bow River au Pléistocène supérieur et à
l’Holocène. A) Coupe schématique de la vallée pré-glaciaire montrant
les Saskatchewan Gravels and Sands et la surface d’alluvionnement
après le dépôt de la Formation de Bighill Creek. B) Coupe schéma-
tique de la Bow River après le premier épisode de déblaiement.
C) Coupe schématique de la Bow River après l’épisode d’alluvion-
nement de l’Holocène inférieur. D) Coupe schématique de la Bow River
actuelle après le début du deuxième épisode de déblaiement.Terrasses
T-4, T-3, T-2 et T-1.
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Climate

Sometime around 10 000 BP, there was a rapid change in
temperature associated with the end of the Younger Dryas
Chron (Alley et al., 1993). In the cores from Crowfoot Lake, for
example, the sandy clays deposited during the Crowfoot
Advance are overlain by 18 cm of laminated gyttja with marl
laminae in the lower 4 cm (Reasoner and Huber, 1999).
According to these authors, the sudden change from clastic to
organic sediments and the presence of a marl layer record the
dramatic change in climate associated with the end of the
Younger Dryas. Beierle (1997: 95-100; Beierle and Smith, 1998)
noted similar changes in the sedimentary facies and the pres-
ence of a marl layer in a number of cores from lakes in the Bow
River valley. He correlated the abrupt transition to organic sed-
imentation at 10 000 BP with the dramatic increase in temper-
ature recorded in the DYE-3 Greenland ice core (Dansgaard et
al., 1989) and the GISP-2 core (Alley et al.,1993). According to
Beierle and Smith (1998), the dramatic increase in tempera-
ture recorded in the lake cores was coincident with decreases
in precipitation and increases in surface evaporation.

Isostacy

According to Beierle (1997), the increase in temperature at
the end of the Younger Dryas caused substantial ablation of
the alpine glaciers. If this inference is correct, the sudden
decrease in ice mass may have initiated a minor increase in the
rate of isostatic rebound in the upper reaches of the drainage
system. At approximately the same time, there is evidence for
a dramatic drop in the level of Glacial Lake Agassiz which has
been attributed to the opening of the northwest outlet (Fisher,
1993; Smith and Fisher, 1993; Fisher and Smith, 1994; Smith,
1994; Fisher and Souch, 1998). A series of radiocarbon dates
from buried wood and peat in the lower Athabasca River valley
suggest that the waters of Glacial Lake Agassiz breached the
Beaver River moraine sometime around 9900 BP.The ensuing
rapid drawdown lowered the level of Glacial Lake Agassiz by
52 m and, by extension, the base level for the Saskatchewan
River and its tributaries, including the Bow River.

The change in base level as well as the rebound associat-
ed with the dramatic lowering of Glacial Lake Agassiz probably
initiated an episode of incision but the extent of the degradation
is equivocal. According to Leopold and Bull (1979), for exam-
ple, a change in base level only affects the lower reaches of a
river system. In Schumm’s (1993) opinion, a 50 m drop in base
level is consistent with 45 m of incision near the coast but not
with 30 m of incision 320 km inland from the coast. Conversely,
Törnqvist (1998) has recently suggested that sea level changes
have influenced terrace formation a distance of 400 km
upstream of the shoreline. Finally, Blum and Törnqvist (2000)
argue that the landward limit of incision, given a drop in relative
base level, will not extend very far upstream unless sediment
supply from upstream sources decreases such that degrada-
tion is also occurring in the upstream reaches of the system. In
short, isostatic rebound and changes in relative base level dur-
ing this interval were consistent with river incision although
these conditions alone were obviously not sufficient to cause
the degree of down-cutting represented in Figure 5b.

Vegetation

The dramatic change recorded in the stratigraphy of the lake
cores is reflected by a sudden change in vegetation. In Crowfoot
Lake, for example, the interval beginning at 10 100 BP
(Reasoner and Huber, 1999) represents the stabilization of the
landscape and the appearance of abundant forest vegetation in
the vicinity of the lake as indicated by the presence of macro-
scopic remains from spruce.This early Pinus-dominated forest
included persistent areas of open vegetation. A similar pattern
is evident at Lake O’Hara (Reasoner and Hickman, 1989),
Copper Lake and Kingfisher Pond (White, 1987), Yamnuska
Bog and Wedge Lake (MacDonald, 1982). Together, these
palaeoenvironmental reconstructions from alpine sites in west-
ern Canada indicate that the interval from 10 000 to 7000 BP
was a period of relative warmth associated with elevated alpine
timberlines. Shortly after 10 000 BP, arboreal vegetation became
dominant in the Foothills at Toboggan Lake (MacDonald 1989)
but less common on the Plains further downstream (Barnosky
et al., 1987; Sauchyn and Sauchyn, 1991). Nevertheless, trees
were very common around prairie potholes for a very brief inter-
val around 10 000 BP (Beaudoin, 1992; Yansa, 1998; Yansa
and Basinger, 1999).

Sediment load

By 10 000 BP, many of the mountain slopes had attained
relatively stable profiles thereby moderating the effects of
paraglacial activity (Jackson et al., 1982). At the same time,
the sudden appearance of forest vegetation, especially in the
mountains and foothills, served to stabilize the landscape and
reduce the amount of sediment being introduced into the
drainages. In the mountains then, sediment delivery was
restricted to small alluvial fans at the heads of streams where-
as, in the Foothills and the Plains, very little material was being
added to the waterways.This decrease in sediment load is also
represented as a change from clastic to organic sediments in
the cores of subalpine lakes (Beierle and Smith, 1998). In short,
the stable slopes and vegetation cover combined to reduce
the sediment load being delivered to the Bow River at this time.

Stream discharge

The interval between 10 000 and 9000 BP was a time of
maximum summer insolation in the northern hemisphere and,
by extension, a period of maximum aridity characterized by
decreased precipitation and increased evaporation (Kutzbach
and Guetter, 1986). This interval also represents the winter
insolation minimum but it is unknown whether or not the cold-
er winters were characterized by greater snowfall.The arboreal
vegetation present on the slopes of the mountains and in the
neighbouring Foothills is, at least, consistent with an increase
in winter precipitation during this interval. At the same time, the
dramatic increase in temperature at the end of the Younger
Dryas may have caused substantial ablation of alpine glaciers
(Beierle, 1997; Beierle and Smith, 1998). The resultant
increase in meltwater runoff would have raised the levels of the
mountain lakes, many of which were created by debris flows
and alluvial fan development. The addition of water to these
mountain reservoirs, especially during spring runoff following

GPQ_56-2-3.qxd  13/05/04  9:58 AM  Page 164



RIVER OF CHANGE: A MODEL FOR THE DEVELOPMENT OF TERRACES 165

Géographie physique et Quaternaire, 56(2-3), 2002

late winter snowstorms (Bull, 1988; Stene, 1976), could have
caused lakes to breach their dams and thus initiate a period
of rapid incision. The erosive power of the Bow River would
have been substantially increased as the flood waters caused
successive dams to fail. This sequence of events could have
initiated the episode of down-cutting inferred for this interval.

Summary

The stable, forested mountain slopes contributed little sed-
iment to the system while the melting of the alpine glaciers
increased the rate of discharge, at least seasonally. The
increased runoff probably caused one or more of the dammed
reservoirs to fail, thereby initiating one or more floods capable
of substantial erosion. While these variables were affecting
the upstream reaches of the Bow system, the dramatic drop
in base level as Glacial Lake Agassiz drained through the
northwest outlet would have caused the lower reaches to go
through the same episode of degradation. The net result was
a 1000-year interval during which the Bow River incised a new
channel into the previously deposited gravels and sands of
the Bighill Creek Formation (Fig. 5b).

AGGRADATION EPISODE 2

Chronology

The chronology for the onset of this interval is based pri-
marily on the earliest dates from the T-3 terrace deposits.This
set of paired terraces contains a layer of Mazama ash, dated
at 6730 BP (Hallett et al., 1997), and an early Holocene paleo-
sol. In the sections examined, the tephra normally occurs
approximately 1 to 2 m below the surface and a comparable
distance above the basal gravels (Fig. 2). Similarly, the paleo-
sol occurs from 10 to 50 cm below the ash and has been
dated at 8000 to 8500 BP (e.g., Harrison, 1973; Wilson, 1983;
Waters and Rutter, 1984).The presence of the ash and paleo-
sol in most of the sections examined suggests that this alluvial
fill started to accumulate sometime before 8500 BP.
Downstream, the level of Glacial Lake Agassiz may have sta-
bilized or risen slightly as the northwest outlet cut down to
bedrock sometime around 9100 BP (Fisher and Souch, 1998).
On the basis of this evidence, it is suggested that the second
episode of aggradation started at about 9000 BP and, for rea-
sons noted later, lasted until sometime around 5000 BP.

Climate

The Holocene Thermal Maximum or Hypsithermal persist-
ed throughout most of this interval. In middle northern lati-
tudes, precipitation increased around 9000 BP but evaporation
increased even more, leading to soil-moisture deficits
(Kutzbach and Guetter, 1986). In the mountains and in central
Alberta, maximum aridity occurred at the beginning of the
interval (Schweger and Hickman, 1989; Beierle and Smith,
1998) whereas further east the episode of moisture deficit
lasted from 9000 to 6000 BP (Vance, 1986) with the greatest
drought being recorded from 7700 to 6800 BP (Sauchyn and

Sauchyn, 1991). In the mountains and foothills of Alberta,
water levels in closed basin lakes dropped by 6 m, presumably
reflecting a lowering of the water table and moisture deficits
resulting from decreases in precipitation or increases in evap-
oration (Beierle, 1997; Beierle and Smith, 1998). In central
Alberta at this time, shallow basin lakes began flooding as
early as 7500 BP but salinity remained high as a result of con-
tinued high evaporation rates (Schweger and Hickman, 1989).
Similar moisture deficits were recorded as dramatic changes
in water levels within the deep basin lakes of the area
(Schweger and Hickman, 1989). In short, the interval between
9000 and 5000 BP is best characterized as one of moisture
deficits arising primarily from the high rates of evaporation.

Isostacy

By 9000 BP, the rate of isostatic rebound had probably abat-
ed somewhat and thus had limited influence on the upstream
stretches of the drainage basin. Initially, the lower reaches of
the river system may have been affected by minor fluctuations
in the level of Glacial Lake Agassiz but the lake had drained by
8000 BP (Teller and Thorleifson,1983). Thereafter, the down-
stream stretches of the drainage were influenced by the com-
bined effects of isostatic rebound in the recently deglaciated
Canadian Shield and the eustatic rise in sea level. In general,
however, the effects of isostatic rebound were much less than
those experienced during the earlier intervals.

Vegetation

The persistence of the thermal maximum throughout most
of this interval affected the local and regional vegetation. In the
mountain valleys, for example, the treeline attained its highest
level between 8500 and 7000 BP (Reasoner and Hickman,
1989) whereas a gradual replacement of forest by prairie
occurred in the Foothills between 8500 and 5000 BP (e.g.,
MacDonald, 1989). In the Parklands, grass pollen becomes
increasingly common in the Lofty Lake core between 9000 and
6000 BP (Vance, 1986) whereas a similar change in vegetation
is recorded in the Harris Lake core for the interval dating
between 7700 and 6800 BP. The interval between 9000 and
5000 BP thus represents an episode of grassland expansion at
the expense of the forest, although the continued high evapo-
ration rates also contributed to a decrease in vegetation cover.
The pollen records also indicate that fire became an important
agent of disturbance as early as 9000 BP.Whether or not these
fires were of natural or human origin remains uncertain but they
did influence the nature and density of vegetation in the area.

Sediment load

At the same time, the sediment load was increasing in two
separate stages. Initially, the unstable slopes created by the
rapid down-cutting of the previous episode achieved stable
profiles through mass wasting (Wilson, 1983: 207). These
processes contributed primarily coarse gravels from the over-
steepened banks. Shortly thereafter, glacial lake sediments
from the neighbouring uplands were added to the sediment
load as the network of tributary streams started to develop or
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reoccupied their preglacial valleys (Welch, 1983; Rains and
Welch, 1988). A similar trend is evident in the mountains
where many of the alluvial fans contain a layer of Mazama
ash near their surfaces (Roed and Wasylyk, 1973). Although
some of the coarser materials in the fans related to earlier
episodes of paraglacial activity, the near-surface deposits
derived mainly from erosional processes within the valleys.
Following this episode of slope adjustment, the river valley
was relatively stable for some time as indicated by the paleo-
sol.Thereafter, a second interval of net sediment accumulation
occurred that reflected primarily the change in plant commu-
nities and the decrease in vegetation cover (Sauchyn, 1990).
When combined with the increased incidence of fires, these
changes in vegetation accelerated the rate of erosion and thus
contributed additional fine-grained sediment to the drainage
system. That the surface deposits were prone to erosion dur-
ing this interval is evident from the presence of bluff edge
dunes with layers of Mazama ash along the margins of the
Bow River valley (Oetelaar et al., 1996; Oetelaar and Boyd,
1997; Oetelaar and Zaychuk, 1997; Oetelaar and Gillespie,
2001). In summary then, the unstable slopes, the establish-
ment of upland drainages, and the nature of the vegetation
cover combined to increase the rate of sediment delivery to the
various reaches of the drainage system during the interval
from 9000 to 5000 BP.

Stream discharge

By 9000 BP, the alpine glaciers were substantially smaller
and most of the mountain reservoirs had drained.Thus, the rate
of discharge depended largely on runoff from precipitation which
also had decreased as indicated by the water levels in the
mountain lakes (Beierle and Smith, 1998). Similarly, the low-
ered lake levels in central Alberta indicate a moisture deficit,
even though precipitation increased during this interval prima-
rily as summer storms (Schweger and Hickman, 1989). As a
result, stream power was inadequate to remove the slowly accu-
mulating sediment or even to move the fine sediments very far
downstream.

Summary

During this interval, the relatively arid climate decreased
both vegetation cover and stream power.The sparse vegetation
cover increased sediment load which, when combined with the
decrease in stream power, effectively reduced the ability of the
river to remove the sediment from the system. As a result, the
sediment load was deposited on the floodplain, primarily in the
form of overbank deposits (Fig. 5c). Again, such thick accu-
mulations of fine-grained sediments are common on terraces
formed during the Holocene (Brakenridge, 1980; Blum and
Straffin, 2001).

DEGRADATION EPISODE 2

Chronology

Although limited in number, the radiocarbon dates currently
available suggest that the subsequent episode of river inci-

sion started somewhere around 5000 BP (Jackson et al.,
1982; Wilson, 1983). The majority of the dates derive from
materials collected during the excavation of archeological sites
discovered on the lower unpaired T-2 terraces in the Calgary
area (Wilson, 1983). The samples, however, were recovered
from intact, buried cultural layers with good stratigraphic asso-
ciation and the dates of 4600 BP are consistent with a date of
5000 BP for the onset of incision.

Climate

The relatively arid conditions of the preceding interval start-
ed to abate by 6000 BP but the return to a cooler, wetter cli-
mate appears to have been time-transgressive beginning at
5500 BP around Toboggan Lake (MacDonald, 1989) and at
5000 BP in the vicinity of Harris Lake (Sauchyn and Sauchyn,
1991). Wetter conditions are also apparent in central Alberta
where shallow lakes experienced a peak in flooding between
5000 and 4000 BP. By contrast, Vance’s (1986) calibration of
the pollen record and simulation of precipitation patterns sug-
gest only a slight increase in precipitation around 4000 BP but
an obvious cooling trend at about the same time. As a result,
less of the precipitation would have been lost to the system
through evaporation.

Isostacy

There is, in fact, very little evidence for isostatic uplift in the
upper reaches of the drainage or for changes in relative base
level within the lower stretches of the river. Under these cir-
cumstances, rivers adjust to fluctuations in sediment load and
stream discharge through changes in channel configuration
and river morphology (Schumm, 1993). That is, rivers tend to
adjust by lateral incision and increased sinuosity, processes
that favour the formation of complex response terraces, most
of which are unpaired (Bull, 1990).

Vegetation

In the mountains, essentially modern plant communities
become established around 5000 BP (Luckman and Kearney,
1986; Reasoner and Huber, 1999) although there is evidence
for a neoglacial advance starting approximately 3000 BP
(Reasoner and Hickman, 1989). A similar pattern is recorded
for the Foothills (MacDonald, 1989) while Sauchyn and
Sauchyn (1991) document increases in forest cover around
Harris Lake starting as early as 5000 BP.

Sediment load

During this interval, the mountain slopes were stable and
covered with forests except for the presence of alpine mea-
dows and clearings being maintained by fire. By this time, allu-
vial fans were growing at a slower pace and thus contributed
little sediment to the drainages. In the Foothills and on the
Plains, most of the slopes had attained stable profiles and the
neighbouring uplands were covered with vegetation. As a
result, the delivery of sediment to the drainages was limited,
with perhaps occasional fluctuations resulting from landslides
and summer storms.
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Stream discharge

The increase in precipitation obviously served to increase
the rate of discharge but the change was not adequate to ini-
tiate a major episode of down-cutting. Instead, stream dischar-
ge was sufficient to remove the sediment being introduced into
the system and to lower the stream bed gradually by incision.

Summary

During the past 5000 years, the Bow River appears to have
approximated a state of equilibrium where the variables influ-
encing degradation only marginally exceeded those favouring
aggradation. The river has adjusted to these slight changes in
stream power and resisting power by lateral migration and inci-
sion, resulting in the formation of unpaired terraces (Fig. 5d).

CONCLUSION

This study has identified a minimum of three paired terraces
along a reach of the Bow River extending from Cochrane to
Calgary, Alberta. Of these, the upper two sets occur at eleva-
tions of 60 and 30 m above the level of the river and, based on
the inclusive faunal remains, date to the interval from 12 000 to
10 000 BP. The stratigraphic profiles reveal thick gravel layers
overlain by thin veneers of alluvium and loess. The surfaces
of these terraces often are dissected by relict channels of a
braided river. The third set of paired terraces occurs at eleva-
tions of 15 m above the level of the river and date to the inter-
val between 9000 and 5000 BP.The stratigraphic profiles con-
sist of basal gravels overlain by two or more metres of
fine-grained sediments that include a layer of Mazama ash and
a pre-Mazama paleosol.The sedimentology of the fine-grained
sediment is consistent with aggradation by overbank deposition
although there are also signs of lateral accretion.

On the basis of this evidence, it is argued that the paired
terraces along this stretch of the Bow River represent, at least,
two major episodes of degradation and aggradation by the
river. Following an early episode of incision by meltwater, the
Bow River aggraded its bed during the interval between
11 500 and 10 000 BP. Thereafter, the river incised a relative-
ly deep channel during a brief interval lasting from 10 000 to
perhaps 9000 BP, before again aggrading its bed between
9000 and 5000 BP. At this time, the river began its latest
episode of gradual incision which has continued to the pres-
ent. This basic outline of the chronology of terrace formation
is generally comparable to that proposed by Wilson (1983)
two decades ago. However, this study actually correlates the
terraces identified by Wilson (1983) and by Stalker (1968a),
thereby demonstrating that the variables and processes
responsible for these changes from aggradation to degrada-
tion affected a long stretch of the river.

Recent research on the formation of terraces suggests that
the presence of paired terraces over long stretches of a river
tend to reflect changes in independent variables or external forc-
ing mechanisms such as climate change, glaciation, isostatic
rebound and relative base level. As a result, this study has used
current information on local and regional changes in isostatic
rebound, base level, and climate to develop a model for the for-

mation of terraces along the river.The results suggest that each
of the major episodes of aggradation and degradation corre-
sponds to dramatic changes in climate, isostatic rebound, rela-
tive base level, vegetation, sediment load and stream discharge.
When combined, these variables help explain the processes
responsible for the formation of paired terraces along the Bow
River and thus allow us to relate Wilson’s (1983) chronological
framework to changes in the surrounding landscape.
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