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HEART CREEK GEOLOGY

An understanding of the bedrock geology in the study area is important for two reasons. First,
it provides an understanding of the geologic groups as their erosion provides sediment sources
to Heart Creek, which is important from a sediment budget perspective. Second, the
watershed’s engineering geology may provide clues as to the type of mass movements that
feed larger rock or soil masses directly or indirectly into the channel system. This is key in
understanding the sediment supply mechanisms and possibly supply rates to the channel
network.
This chapter commences with a brief description of the regional geology and then focuses on
the engineering geology, which is important with regard to past and potential sediment delivery
into Heart Creek. The chapter concludes with a brief description of the Quaternary geology of
the area, in as far as it relates to sediment processes at Heart Creek.
A.1.1.

Bedrock Geology

A.1.1.1. Overview
The Canadian Rocky Mountains (CRM) are a fold and thrust belt, where thick units of more
erosion resistant Paleozoic carbonates were folded and thrust progressively in a north-westerly
direction over more friable Mesozoic sandstones and shales. Four main sequences of rocks
can be characterized in the Bow Valley region.
The oldest unit at the base is referred to as the basement rocks of the North American cratonic
plate (30 – 50 km thick), which bears no relevance to the present study. The next unit is the
Pre-Cambrian to Lower-Cambrian clastic and minor carbonate rock unit (~10 km thick)
composed of weathered rock from the Canadian Shield (further east). The ~ 6.5 km thick
middle carbonate unit (Middle-Cambrian to Upper Jurassic, 540 – 155 Ma) consists of marine
carbonates (limestone and dolostone) and shale. The upper unit (~ 5 km thick) is composed
of a young Jurassic to Tertiary (155 – 1.9 Ma) unit of sandstone, shale, conglomerate and coal.
This final unit consists of sediments eroded from an uplifting landscape into a foreland basin
to the east (Gadd, 1995; Henderson et al, 2009).
Osborn et al. (2006) describe the final stages of mountain building as being associated with
differential erosion of various units. The softer Mesozoic rocks led to rounded mountain tops
exposing the underlying Paleozoic and Proterozoic rocks that can support steeper and higher
slopes.
A.1.1.2. Watershed Geology
The bedrock geology of the watershed is discussed briefly to create a general overview of the
type of rocks encountered in the watershed and link the observed lithologies to geomorphic
processes that could influence the frequency, magnitude or rheology of debris floods in Heart
Creek.
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The Heart Creek watershed drains its 12.7 km2 area to Bow River from the south side of the
Bow Valley. Two notable peaks exist on the watershed boundaries: Heart Mountain with Grant
McEwan Peak to the east and Mount McGillivray to the west (Drawing 07). The individual
peaks are connected by ridges within the treeless alpine region. The upper ridge lines are
approximately perpendicular to Bow River in the vicinity of the Heart Creek fan and trend in a
north-west to south-east direction (Drawing 06). Steep cliffs with 100 to 800 m relief have
formed in various locations along the perimeter of the watershed.
Geologically, the Heart Creek watershed is located within the Front Ranges structural province
of the Southern Canadian Cordillera. Heart Mountain has been a topic of considerable geologic
interest due to its notable heart-shaped structure along the otherwise generally linear 70 km
long trace of the Exshaw Thrust, which strikes across the Heart Creek fan and through the
Hamlet of Exshaw on the north side of Bow River. The Exshaw Thrust is the primary geological
agent to the formation of the Exshaw and Heart Creek valleys. This, in turn, led to their fans
having formed exactly across from each other, leading to a pronounced Bow River floodplain
narrowing. The formation of Lac Des Arcs (Lake) upstream and the channel confinement
between the two fans have led to a sudden change in channel slope leading to higher flow
velocities (Drawing 01) (Figure A.1-1).

Exshaw Creek fan
Bow River
Lac Des Arcs

Figure A.1-1.

Heart Creek fan

Exshaw and Heart Creek fans having led to a pronounced confinement of Bow
River. The longitudinal axis of the fans approximates the alignment of the Exshaw
Creek fault.
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Numerous competing interpretations of Heart Mountain geology have been published, and this
report relies on the Riggert (1983) interpretation. The heart-shaped structure at the peak is a
faulted syncline with its east limb thrust up relative to its west limb (Figure A.1-2). Riggert
(1983) observed that a true syncline exists only in one small outcrop, contrary to the continuous
syncline mapped by the Geological Survey of Canada (GSC) (Price and Mountjoy, 1970;
Drawing 06). Further contrary to the same GSC map, Riggert suggests the heart’s collar (its
competent exterior structure) is composed of the Loomis Member of the Mount Head
Formation, not Livingstone Formation, and the thrust shown immediately west of the syncline
is a zone of interbed slip rather than an extensive thrust fault.

Figure A.1-2.

Diagram showing the geologic structure and lithology of Heart Mountain peak
according to Riggert (1983). Diagram appears in Asgar-Deen and Adams, 2010.
Refer to geologic map for lithological description (Drawing 06).

Heart Creek runs roughly parallel to the dominant trend of geological groups, which are
generally parallel in orientation and strike northwest-southeast. Four thrust faults cross the
watershed in the same orientation. The ridges parallel to the creek mainstem consist of the
more competent limestones and dolomites of the Mississippian Mount Head and Livingstone
Formations. Moving downslope from Heart Mountain on the watershed’s eastern valley wall,
the Exshaw Thrust Fault separates the Livingstone Formation from the thickly-bedded and
massive upthrust Devonian Palliser Formation limestone and dolomite (Figure A.1-2). The
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Palliser Formation here creates steep canyon walls in the lower part of the watershed. Steeply
dipping rock formations are of significant interest as they may give rise to rock avalanches
along the discontinuities should they daylight in the valley below. A case in point is the
McGillivray valley to the west, where a large rock avalanche detached along such steeply
dipping and presumably daylighting joint sets on anticlinal slopes with a steep westerly dip
(Figure A.1-3).

Figure A.1-3.

The McGillivray Creek rock avalanche scarp and runout west of Heart Creek
basin. The runout area encompasses approximately 0.3 km2 and is, on average,
several metres thick. A similar event in the Heart Creek watershed would likely
impound a sizable lake and lead to a landslide dam outbreak flood.

Dips in the western slope of the Heart Creek watershed are to the southwest with dip angles
between 45˚ and 65˚ (Drawing 06). This precludes rock slides or rock avalanches along the
dip slopes of pronounced limestone bedding planes, and thus processes of the fall type are
limited to fragmental rockfall Figure A.1-4, Figure A.1-5).
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Figure A.1-4.

Westward dipping limestones of the Palliser and Alexo formations east of Mount
Gillivray which borders the Heart Creek watershed to the west. The dip direction
does not produce large rock mass failures along the western portions of the
watershed.

Figure A.1-5.

Steep rock slopes in the upper lower Heart Creek watershed with a fresh rockfall
deposit. The blue arrows in inset “A” highlight a recent rockfall deposit. 2012
Google Earth image looking west.
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The upper two-thirds of the west slope of the watershed, moving in the downslope direction,
consists of a sequence of relatively thinly-bedded Mississippian Exshaw and Banff Formations
and Devonian Palliser, Alexo, Southesk, Cairn and Pika Formations, which in combination
consist of limestone, dolomite, sandstone, chert, breccia and conglomerate. The slope is then
interrupted by the Lac Des Arcs Thrust Fault, and east of the fault lie downthrust Livingstone
and Exshaw units. The creek traverses these western units in the upper watershed, while
further downstream the valley bottom consists of lower Exshaw and Banff Formation, which is
composed of erodible shales and demarcates the transition from steep cliffs to lower angle
slopes (Drawing 06).
The weathering products of the geological groups described above result in largely bouldery
and gravelly debris with a dominantly sandy matrix. This distribution can be attributed to the
largely competent rock types with few siltstones or mudstones, which would give rise to a more
fine-grained matrix. However, along the valley bottom, there are several outcrops of dark grey
and brown shales, siltstones and cherty limestone of the Exshaw and Banff formations
(Drawing 06). In places, these have weathered into a fine-grained matrix-rich colluvial apron
that is being undercut by Heart Creek (Figure A.1-6). As noted during fieldwork in June of 2014,
Heart Creek was the only creek at the time of the field visit where water was chocolate brown
while other creeks were running clear.

Figure A.1-6.

Side slope failures in colluvium and glacial till. Note the coloration of the
sediments is much darker than late Pleistocene sediments found flanking creeks
elsewhere in the Bow Valley. Given the tills dark colour it is believed that it is
derived from local glacial erosion of dark shales and siltstones of the Exshaw
and Banff formations.

The key aspects of the geologic units described in this section are that the stratigraphy dips at
moderately steep angles towards the southwest on the west slope which results in relatively
few large rock slope failures. On the east slope, the upper strata are folded and dip towards
the northeast. The stratigraphy is interrupted by the Exshaw Thrust below which the units dip
to the southwest. Rock failures are likely precluded on the east slope because the thrust does
not daylight. The east slope would otherwise be expected to experience rock failures, similar
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to the rock avalanche on the east slope of McGillivray Creek (Figure A.1-3). The relevance of
these points are discussed in greater detail in the following section.
A.1.2.

Engineering Geology

As described in the previous section, Heart Creek parallels units of sedimentary rocks that are
thrust up in various thicknesses and is limited by a northwest-southeast trending anticline to
the west and a similarly trending syncline to the east.
BGC did not encounter a rock avalanche or rock slide deposit in the watershed, which is likely
due to the dominance of strike slopes that appear to preclude very large rock mass
detachments. It may also be partially due to extensive glacial scour during the Quaternary,
which may have removed large unstable rock masses. The only exception to this is the steeply
dipping rocks of the Palliser Formation downslope of the Exshaw Thrust (Figure A.1-7). Here,
occasional detachments of rock slabs along steeply dipping joints have occurred and may feed
rockfall debris into the channel system.

Figure A.1-7.

Image of outcrops of the Palliser formation with steeply westerly dipping
limestone strata and scarps of previous rock slab failures indicated in a red
dashed line. Photo: BGC, June 16, 2013.

However, no signs of a rock slide nor rock avalanche were encountered that indicate that a
large rock avalanche or rock slide has dammed Heart Creek in the past. While rockfall
continues to feed talus slopes at the base of rock cliffs in the watershed, it is not believed to
Heart Creek Hazard FINAL - Appendix A Geology.docx

BGC ENGINEERING INC.

Page A-7

Municipal District of Bighorn No. 8, Heart Creek
Debris-Flood Hazard Assessment - FINAL

April 30, 2015
Project No.: 1286005

be the principal provider of debris to the drainage channel network. Instead, we believe that
the extensive late Pleistocene till that covers the lower watershed provides the majority of
sediment to the channel system.
In the lowermost sections of the Heart Creek watershed, several locations were encountered
where unstable rock masses of the Palliser Formation may lead to fragmental rockfall or
perhaps small (< 1000 m3) rock slides that could impact Heart Creek, but are unlikely to dam
the creek given their limited fall height, and thus the largely coarse nature would be highly
permeable. Figure A.1-8 shows an example for such potential rock mass failure.

Figure A.1-8.

A.1.3.

Unstable rock mass approximately 1 km upstream from the fan apex and
approximately 70 m above the Heart Creek floodplain on the west slope. A
potential very steeply dipping (~50-70˚) release joint set is outlined in a red
dashed line. Cross-joints are delineated in a blue dashed line.

Geomorphic Processes and Landforms in the Periglacial Belt

Due to the prevalence of exposed rock slopes in the upper watershed, very few periglacial
landforms can be discerned (such as gelifluction slopes and rock glaciers). Frost shattering is
occurring on bedrock ridges as evidenced by a veneer of colluvium covering slopes even
where there are no rockfall sources. Slopes with a northern aspect above treeline may be
underlain by permafrost.
Due to the presumably low permeability of the bedrock slopes in the upper eastern watershed,
rapid runoff and short runoff concentration times can be expected during intense rainfall
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events. Runoff is captured within first order basins and descends in steep bedrock gullies to
the point of interception by colluvial cones. At this point the flowing water begins to entrain
colluvium and through sediment entrainment evolves into debris flows. Evidence of these first
order stream debris flows includes well-developed lateral levees and boulder lobes (Figure
A.1-4, Figure A.1-5). These colluvial cones in the upper north-facing cirques are likely
underlain by permafrost which will hinder erosion past the depth of the active layer (the
seasonally thawed layer), precluding very deep channel erosion and thus providing a finite
debris volume for individual events. In other cases, intermittently outcropping bedrock limits
the amount of sediment that could be entrained. In thicker cone deposits, increasing
hydrological conductivity in the lower cones due to increasing grain size will allow water to
infiltrate, more quickly which hampers further debris entrainment. In other cases, the steep
cirque headwaters strongly flatten in the upper cirques which will promote debris flow
deposition rather than continued transport (Figure A.1-9).
Therefore, for many first order channels, the amount of sediment entrained in debris flows is
not necessarily being conveyed to the next higher order stream and at least the larger grain
size fraction (pebbles and boulders) is being temporarily stored. This lack of connectivity even
during extreme events will limit the amount of sediment delivered to the mainstem channel and
thus limit the amount of sediment that can be transported to the alluvial fan during major flood
events.

Recently deposited
debris-flow levees

Figure A.1-9.

Debris-flow gully in upper Heart Creek watershed showing a well-developed
channel and debris flow runout. North is to the right. The peak in the top centre
is Skogan Peak with an elevation of 2662 m. The vertical relief of this east-facing
fall is approximately 600 m. Image: Google Earth. Sept. 23, 2012.
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Several debris-flow prone creeks descend directly into Heart Creek. Due to the further ridge
set-back from the thalweg of Heart Creek on the west, watershed are larger and can thus
recruit higher amounts of debris to the main channel of Heart Creek (Figure A.1-5). These are
further described in Section 4 of the main report.
In summary, there are few distinct periglacial landforms in the Heart Creek watershed with
direct connectivity to Heart Creek. Rockfall and small debris flows in the upper watershed do
supply some material to the channel system, but this connectivity is indirect for a large portion
of the watershed. In the middle reaches of the watershed (some 3.8 km to 1.3 km upstream
of the fan apex) tributaries deliver debris flows episodically to the main channel system. Those
are likely the most significant coarse sediment supply mechanism from tributaries. Additional
debris is delivered though undercutting and slumping of late Pleistocene sediments flanking
the valley side slopes.
A.1.4.

Quaternary Geology

The late Pleistocene epoch (past 126,000 to approximately 11,700 years before present [BP])
of the Bow Valley and Heart Creek fan development needs to be considered because
geomorphic processes, particularly during the latter part of the late Pleistocene, supplied
sediment to the channel system and influenced fan formation processes that followed the
retreat of ice. Up to 50 m thick late Pleistocene deposits continue to provide large quantities
of sediment to lower reaches of Heart Creek (Figure A.1-10).

Figure A.1-10. Thick (several tens of metres) outcrops of presumably late Pleistocene glacial
tills and interbedded glaciofluvial sediments. Heart Creek is undercutting those
in numerous locations within the lower 4 kilometers of the channel thereby
creating a continuous debris supply to the main channel.
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The Heart Creek watershed is located in a region that was affected by phases of glaciation
and de-glaciation during the Holocene period (11,700 years BP to present). The Late
Pleistocene and Holocene epochs of the Quaternary Period in the Canadian Rockies represent
a period of climate change, which led to a transition from extensive glaciation to de-glaciation.
This transition ended the cycle of glacial erosion and heralded the cycle of deposition on
tributary fans. This section describes the paleo-climatic conditions, the specific glacial
advances, and addresses the sedimentation that resulted.
A.1.4.1. Bow Valley Glaciation
The Quaternary geology of the Canadian Rockies has been well studied. Rutter in the 1960s
and 1970s described four glacial events (Rutter, 1965, 1966a, 1966b, 1972). The events are
the Pre-Bow Valley Advance, Bow Valley Advance, Canmore Advance and Eisenhower
Junction Advance. Rutter later discarded the notion of the Pre-Bow Valley Advance
(Bobrowski and Rutter, 1992) and it is excluded from the discussion.
Bow Valley Advance
The timing of the Bow Valley Advance (BVA) is not conclusive, but was interpreted by Rutter
(1972) and Clague (1989) as occurring between 25,000 and 21,000 years before present. The
BVA is represented by breaks in slope due to glacial erosion as well as thick accumulations of
till overlying glaciofluvial outwash gravels. The BVA extended into the foothills of the Rockies
and retreated to the area of the Banff town site (Rutter, 1972). This advance likely deposited
significant amounts of sediment at the mouth of Heart Creek and into the lower watershed that
was subsequently eroded by creek processes. In particular, the thick sequences of till that line
the lower Heart Creek canyon may have formed during this period.
Canmore Advance
Following the retreat of BVA, the Canmore Advance included glacial advance to a position
near Mount Yamnuska. Rutter (1972) determined the thickness of the ice by observing the
break in slope due to glacial erosion (Table A.1-1). Jackson (1980) concluded that the ice from
the Canmore Advance was in retreat by 12,000 years BP. As for the BVA, this glacial advance
likely supplied ice marginal sediments and morainal material in the vicinity of the Heart Creek
outlet but was then quickly eroded by fluvial processes.
Table A.1-1.

Estimated ice thickness of the Canmore advance (modified from Rutter, 1972).
Location

Maximum Ice
Elevation
(masl)

Approximate
Ice Thickness
(m)

Park Boundary on SW side of Bow Valley

1554

230

Near Canmore, SW side of Bow Valley

1509

150

Near Canmore, SW side of Bow Valley

1554

230

Heart Creek Hazard FINAL - Appendix A Geology.docx

BGC ENGINEERING INC.

Page A-11

Municipal District of Bighorn No. 8, Heart Creek
Debris-Flood Hazard Assessment - FINAL

April 30, 2015
Project No.: 1286005

A.1.4.2. Late Pleistocene and Holocene History of the Canmore Area
The Late Pleistocene and Early Holocene (127,000 years BP to present) are the latter epochs
of the Quaternary geologic time period which experienced alternating colder periods with
extensive glaciation and short interglacial periods.
Late Pleistocene glaciers reached their maximum extent in the Canadian Rockies around
16,500 years BP after which significant climatic warming led to the decay of the extensive
mountain ice sheets (Menounos et al., 2009). During the Holocene there have been some
minor periods of glacial advance and retreat that were restricted to the high elevation icefields
and cirques (Reasoner et al., 1994). Such advances provided sediments to the channel
system and likely locally over-steepened some slopes. BGC did not identify moraines in the
upper watershed of Heart Creek.
Tributary valleys were likely ice-free when there was still a sizable glacier in Bow Valley. This
glacier would have created an ice dam against which ponding would have occurred in tributary
valleys. Glaciolacustrine1 sediments were observed by BGC at the margins of Heart Creek
that were occupied in June 2014 fieldwork and were also in Cougar Creek and Grotto Creek.
This indicates the development of glacially-dammed lakes that may have persisted for an
unknown length of time. At times, such lakes may have overtopped the main trunk glacier in
the Bow Valley or drained through subglacial conduits. The frequency of such events is
unknown.
The early Holocene experienced a period of drought called the Hypsithermal that caused the
lowering of lake levels and higher treelines. The early Holocene also witnessed the complete
ablation of glaciers between 10,000 years BP and 9,400 years BP. According to studies in
lake sediment cores, the glaciers did not re-establish until 6,800 years BP (Beierle, 1997;
Beierle and Smith, 1998).
The term “Little Ice Age” is used to describe the late Holocene cooling time period beginning
in approximately the 1200s and terminating in the mid-1800s with the present day warming
trend. Summit Icefields, valley glaciers and cirques reached their Holocene maximum extent
during this period of time (Luckman, 2000) but evidence was not encountered in the Heart
Creek watershed.
A.1.4.3. Late Pleistocene and Holocene Sedimentation
Kame Terraces2
Sediment terraces flank the main valleys of the Canmore area and were interpreted as kame
terraces by Rutter (1972). They are composed primarily of fluvial sands and gravels with some
lacustrine sediment resulting from glacial meltwater ponding. Unlike, for example Three

1
2

Sediments deposited at the bottom of lakes dammed by glaciers
Kame terraces are gently sloping depositional terraces perched on valley sides and are deposited by meltwater
streams flowing between glacier margins and the adjacent valley walls
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Sisters Creek to the west, kame terraces are absent at Heart Creek. Bow Valley is at its
narrowest at this location (1.6 km) which may have led to a dominance of glacial scour, rather
than ice-marginal deposition. An alternative explanation is that kame terraces have been
completely eroded by Heart Creek over the past 10,000 years as it incised into its bed. BGC
favours the former explanation as, in the latter, some kame remnants are expected to persist
to this day.
Paraglacial Processes
An important component of the development of Quaternary sedimentation is the notion of the
paraglacial cycle that introduces non-stationarity in the sediment delivery processes. Church
and Ryder (1972) defined the term as ‘non-glacial processes that are directly conditioned by
glaciation’. The ‘paraglacial period’, in which enhanced sediment yields occur, begins during
the commencement of deglaciation and follows an exponential decline through time based on
the proportion of sediment that is available to be reworked. The timing and magnitude of
sediment yield can be influenced by the size of deglaciated watersheds, with smaller basins
having a peak sediment yield early after deglaciation and larger basins having a longer more
gradual peak (Harbor and Warburton, 1993). Ballantyne (2002) discussed the occurrence of
‘renewed paraglacial sediment reworking’ by ‘extrinsic effects’ including ‘climate change,
extreme climatic events’ and ‘anthropogenic activity’. This renewed sediment release can
occur millennia after deglaciation occurs. The importance of the paraglacial period lies in the
early fan formation and the fact that fan aggradation rates may not have been constant during
the Holocene. This realization is key when using fan volumes to compare with the frequencymagnitude relationship (Section 7).
Glacial Lacustrine
Kostaschuk and Smith (1983) interpreted the origin of late Quaternary lacustrine and deltaic
sediments in the Bow Valley, Alberta. Sedimentological evidence in the form of beach gravel
and near shore sands (~ 1400 m elevation) indicated that the ice-dammed Glacial Lake
Vermilion (10.5 km2) developed during the retreat of the Canmore Advance (Rutter, 1972).
When the glacial ice continued retreating to the west, Proglacial Lake Vermilion (15 km2)
formed at the elevation of the present day valley floor (~ 1383 m). Between 10,000 and 8000
years BP, the third stage termed Holocene Lake Vermilion (11 km2) formed and the Bow River
delta prograded into the lake to produce the present Vermilion Lakes.
Some exposed low-permeability silts that were interpreted to be glaciolacustrine sediments
were found in the lower watershed under largely bouldery material at the margins of Heart
Creek’s present-day channel, suggesting that the creek may have been dammed by glaciers
in the past.
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Colluvial and Alluvial Fans
Most of the colluvial3 and alluvial4 fan development occurred in the lower Bow Valley between
the retreat of trunk valley ice (~12,000 years BP) and the Hypsithermal (~ 6000 years BP), as
determined by the stratigraphic location of Mazama tephra (~7,600 years BP) in the upper
sediments of a number of fans (Roed and Waslyk, 1973). Kostaschuk (1980) discussed two
distinct types of colluvial and alluvial fans in the Bow Valley: colluvial fans, built primarily from
debris-flow deposition, appear to have witnessed higher sediment delivery rates during the
Early Holocene prior to 6,600 years BP, whereas alluvial fans built primarily by debris-flood
and flood deposition maintained a more constant rate of sediment delivery during the
Holocene. The debris-flow fans are characterized by muddy matrix-supported unsorted clasts,
while the fluvial fans consist of generally well sorted gravels. Jackson (1987) determined that
fans with a slope angle greater than 8% are generally debris-flow dominated and those of a
lesser angle tend to be fluvial (including debris-flood) dominated.
Heart Creek fan is an anomaly to the typical fan stratigraphy in Bow Valley. Due to the sudden
valley narrowing between Exshaw and Heart Creek fans, Lac des Arcs has formed upstream.
In the past and prior to the construction of the riprap groin paralleling Bow River upstream of
the Heart Creek fan, the lake (Lac des Arcs), dried up (Cooper, pers. comm., 2013) during low
flows. Due to the high wind speeds prevailing in this narrow valley section predominantly from
west to east, those lake bottom sediments were mobilized and deposited preferentially on the
western flanks of Heart Creek fan. Here several metres of aeolian (wind-borne) overlie fan
deposits. The aeolian silts range from 10 m height on the western fan fringe to a few
centimetres towards the north-south trending axis of Heart Creek fan. This has bearing on fan
processes as explain in Section 4. Debris floods or floods avulsing from the present channel
towards the western fan sections could quickly erode through the highly erodible sandy silts,
creating gullies that could lead to significant damage to nearby buildings.
Tephras in the Study Area
During the Holocene, several volcanic eruptions distributed volcanic ash (tephra) over the
region. While there are several known tephras distributed further north in the Canadian
Rockies, the two tephras generally found in the Lower Bow Valley are the Mazama tephra
(Crater Lake, Oregon) and the Bridge River tephra (Mount Meager, British Columbia) (Osborn
et al., 2001). Kostaschuk and Smith (1983) located Mazama and Bridge River tephras within
sediments near Banff, Alberta. Mazama tephras generally have a bed thickness of greater
than 10 cm.

3

Fans primarily formed by debris flows.

4

Fans primarily formed by floods or debris floods, the latter are significantly lower gradient than the
former.
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According to Osborn et al. (2001), the Mazama tephra has a radiocarbon age of ca. 6,730
years BP (7627+/-150 calendar years BP5, lab analysis) and the Bridge River tephra 2,332
years BP (2360 calendar years BP, lab analysis) based on varve counts from Hector Lake.
These deposits are stratigraphic markers as the age of eruptions is known and are thus useful
when encountered in test trenches to determine fan aggradation rates at the specific location
where the tephra is encountered.
At Heart Creek, the truncated fan edge on the northern margin provides perhaps the best
outcrop of the Mazama Ash in the Bow Valley. The identification of this ash layer as being the
Mazama ash is informative as it allows approximations of fan aggradation rates along this fan
sector. This is further discussed in Section 7 of this report.

5

Since atmospheric carbon has fluctuated in the past, a calibration curve is used to convert between
radiocarbon and calendar ages. 6,730 BP is equivalent to 7,627 calendar years BP. Radiocarbon ages
report what the age of the sample would be if atmospheric carbon was always constant, which it hasn’t
been.
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