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Recent legal suits have been filed by the Chipewyan and Cree First Nations
Peoples against B.C. Hydro, claiming that perched closed basin ecosystems
within the Peace Delta have been damaged by reduced frequencies of ice-jamcaused flooding due to flow regulation from the Bennett Dam in the headwaters
of the Peace River.
Results from flood-bed sediments deposited at three sites on levees by large icejam floods and of trees scarred by river ice and historic data, suggest the natural
variability of flood frequency (recurrence interval or return period) in the Peace
River Delta has not been reduced, but increased. Over the past 1100 years flood
frequency has averaged once in 16.4 years (about 6 times per century).
Between the end of the Little Ice Age and construction of the Bennett Dam
(1850-1968) 15 major flood events in these 118 years have a recurrence interval
of about once in 7.8 years (about 13 times per century) and since
construction of the Bennett Dam (1968) once in 6.8 or 4.9 years (about 15 or
20 times per century). These data suggest that the Bennett Dam has had little
or no impact on reducing the frequency of ice-jam flooding in the Peace River
Delta. Indeed, whether one includes ice-scarred tree data or not, the delta has
been flooded more frequently in recent years since construction of the Bennett
Dam than in the past. These results do not agree with the sensational
journalistic comment that, "the delta is dying" or the claims behind the filed
legal depositions by the First Nations Peoples. One caveat is that results do not
take into account duration of ice-jams, which may be the most important
hydrologic characteristic in delta flooding.

1 Introduction
Previous research has shown that only ice-jam-caused floods attain enough height to overtop
levees of the Peace River and flood the closed perched basins in the Peace River Delta (Prowse
and Conly 1998). In contrast, while peak summer discharges do not have the necessary height to
flood and recharge perched basins, they do play an important role in filling open lake basins and
abandoned channels. The height (stage or depth) difference between the two flood types is about
2.0 to 3.0 metres.
Reconstructing the history of past ice-jam flood characteristics (timing,
magnitudes, frequencies and durations) in the Peace-Athabasca Delta (PAD) has been carried out
in previous studies mainly from historic information and traditional knowledge, with minimal
hydrometric data from gauging stations. Although a temporary gauging station located near
Rocky Point has been operating since 1972, it has consistently failed to operate during major ice
breakups, drives and jamming. A long term and more reliable gauging station at Peace Point,
located 85 km upriver from Rocky Point, is too far away from the delta to provide reliable and
accurate stage records in the PAD. Therefore, to address the question of "what is the long term
natural range of variability (frequency) of ice-jam-caused flooding in the Peace River Delta",
methods alternative to existing river gauges and historical and traditional knowledge must be
developed and employed.
The objective of this study and report was to reconstruct an ice-jam flood recurrence record for
the Peace River delta reach using two such alternative methods: dendrochronology of ice-caused
tree-scars and flood-bed sediments and their radiocarbon ages. The flood-bed method developed
by Livingston (2001) was used on six sites along the Peace River delta reach. Ninety ice-scarred
trees were sampled along the Peace River delta reach. From these data long term (1100 years for
flood-beds) and short term (76 years for tree scars) ice-jam flood reconstructions were attempted.
The history of ice-jam flooding was reconstructed along the Peace River study area which
extends over the entire Peace Delta reach, from 5 km west of the Claire River distributary
channel to 6 km north of the Peace and Riviere des Rochers confluence along the Slave River, a
river distance of 50 km. Along the study reach 90 tree-scar wedges were collected (Fig. 1) along
with 6 lithostratigraphic sediment logs of flood-beds and organic material for radiocarbon dating
(Fig. 2). GPS locations and heights above the river of the 6 stratigraphic logs were tabulated in
Figure 2.

2

Methods

2.1 Tree Scar Method
The tree scar method uses dendrochronology dating of tree scar abrasions caused by river ice
(Figs. 3A & B). It is assumed that all scars found on trees growing on levees next to the channel
were caused by ice-drive and/or jam events, and therefore, scar heights represent approximate
flood water levels. This method was borrowed from Henock (1973) and further enhanced by
Reynolds (1976) and Smith and Reynolds (1983). Gerard (1981) compared heights of ice-scars
on trees on the floodplain of the Smoky River and found a close association with stream gauge
water levels, concluding that "ice scars do indeed provide a reliable indication of the maximum
breakup water levels." By simply locating ice-scarred trees along channel banks, sawing a
wedge of wood and bark that overlap the scar, and counting the rings of wood growth since the
scar had formed, one can accurately determine the year of ice injury to the tree and approximate

height of the flood. In this study the middle of the scar was interpreted as the height of the
water-ice mix during ice drives and jams. Often mid scar heights were about a metre below the
total scar height. However, caution should still be exercised because ice blocks can be shoved
up the tree trunk then sliding back into the water causing an overly high scar. With careful
inspection, however, overly high scars can be recognized. Most often such overly high scars
face upriver to the oncoming ice drive. In contrast, most reliable scars for inferring river stage
are those facing the river bank (Fig. 3A).

Fig. 1. Map of tree scar sample sites along the Peace River delta reach. (Base map from Prowse
et al., 1996)

Fig. 2. Map of lithostratigraphic logs and frequent jam sites along Peace River delta reach.
(Base map from Prowse et al., 1996)

2.2 Sediment Flood-Bed Method
The sediment flood-bed method is borrowed from an M.Sc. research thesis project, currently in
progress, by Joanne Livingston (see Livingston 2001) , Department of Geography, University of
Calgary, under my supervision. Livingston is reconstructing the ice-jam flood history at three
sites along the Yukon River in the Yukon Territory, Canada, and east-central Alaska, U.S.A.
According to nearby ice-caused tree scars and personal observations by local residents, some ice
jams along the Yukon River cause water levels to rise up to 9m above winter ice levels and 5m
above the floodplain. At Moosehide Island, 6km north and downriver of Dawson City, water
levels behind the 1979 ice-jam were 5m above the floodplain surface and 3m at Dawson,
devastating the community. These observations concur with the conclusions of Gerard et al.
(1984).
In using the flood-bed method, Livingston (2001) assumes that each sediment layer (flood-bed of
silt and fine-grained sand) exposed in the upper cutbanks of the Yukon River represents one
major ice-jam flood event (exceeding bankfull or floodplain levels). She also assumes that
summer rainfall floods never attain floodplain heights. Sediment in each flood-bed is
sandwiched by organic material (leaves, needles, bark, twigs, etc.) that accumulate in non-flood
years. Thus, each organic-sandwiched flood-bed appears as a distinct rhythmite. She proposes
that fine-grained river bed and bank sediment (fine sand and silt) is first eroded by moving ice,
becomes entrained and suspended in the water during an ice breakup and remains suspended

within the water/ice mix until an ice-jam forms (Livingston, 2001). Once an ice-jam forms,
water and ice blocks stop moving and pond, thus allowing sediment to settle out of the water and
onto the floodplain within the backwater zone behind the jam. Sometimes pebbles and cobbles
melt out of ice blocks and become included within the flood-beds, further suggesting ice-breakup
and jamming. In the years following deposition of a flood-bed, organic material covers the
sediment until it is buried by the next ice-jam flood.
Assuming some amount of lateral stability of channels, this results in a long term sedimentary
record of multiple flood-beds. In the Yukon River, Livingston (2001) has a 3000-year ice-jam
flood record from flood-beds. If there are repetitive floods in back-to-back years, they may not
be recognizable as two discrete events if not enough organic material was able to accumulate or
survive the next flood. Radiocarbon ages of the organic material between sediment layers are
used to date the sediment and associated paleo ice-jam flood event. The flood-bed method
assumes that summer flood levels are too low to add sediment onto the floodplain, and that the
heights of ice-jam floods greatly exceed the levels of summer floods for most northern rivers.
Based on other research studies, this assumption seems to generally hold (Gerard et al. 1984,
Prowse and Conly 1998, Smith and Pearce 2002). The flood-bed method also assumes that
sediment was not deposited by a surge of water and ice moving downriver resulting from a the
breakup of an ice-jam upriver, as was reported from the Athabasca River (Hicks 2002).
Field data collection for the flood-bed method consisted of first cleaning off loose sediment,
roots and other debris with a shovel, axe, saw and trowel from a recently-eroded river bank
(Figs. 4A & B). Next, flood-beds were examined for lateral continuity for at least a half metre
but preferably several metres. Finally, a lithostratigraphic log (vertical distance versus sediment
grain size) was recorded. A detailed stratigraphic log from the floodplain/levee surface to the
deepest discernable flood-bed was recorded at a resolution of 1cm. The deepest stratigraphic log
was 3.6m (log #1); however, most logs ended at about 2m. On a bed-by-bed basis sediment
grain size was recorded using a field microscope (30X) and CanStrat grain size chart, which
works well for sand. Silt (sediment grain size finer than sand) was approximated by using the
grittiness test between the teeth or the inability to visually detect individual sediment grains.
Clay was approximated by wetting and rolling bed samples into ribbons. In some stratigraphic
logs (#1 and #5) at least two persons counted poorly-defined flood-beds to determine the correct
number. Heights of cutbanks or levees above corrected river levels were not consistent but
varied from 4.5 to 7.45m. It is probable that the highest levees would be the oldest levees and
have the longest record of paleo-floods.
2.3 Radiocarbon Dating Of Organic Material
Organic material between flood beds was also logged. Twenty organic beds were sampled and
stored in plastic bags for future radiocarbon dating. Organic samples were carefully examined
and cleaned of root hairs and other contaminants before being sent for lab analysis (age
determination) to Beta Analytic Inc., Miami Florida, USA. The premise is that the age of an
overlying flood-bed is approximately the age of the immediate underlying organic material.
All older radiocarbon dates are presented as calendar AD or BC dates rather then the customary
BP (before present, present indexed to 1950). These corrected ages are calibrated against

radiocarbon dated tree ring ages. Therefore some corrected ages will be younger and some will
be older than measured radiocarbon ages.

A major problem with radiocarbon dating occurs with ages less than 400 years old. To have
95% confidence or probability of age correctness, material dated less than 400 years is somewhat
unreliable and the sample can be any age between 1950 and 1550 AD. For material older than
400 years old the 95% confidence level for an age is more constrained. All of the radiocarbon
dates have been corrected to calendar dates using corrections by Stuiver et al. (1995).

2.4 Calculation Of Ice-Jam Flood Return Periods
Frequency (recurrence intervals, return periods or exceedence probability) of ice-jam floods in
the Peace River Delta were determined very simply by dividing the number of radiocarbon years
of flood record by the number of flood-beds. While this method is not statistically perfect, it does
provide an acceptable approximation for rivers where there is no long term hydrometric record.
And in the case of the Peace River at the PAD, up to 1100-year of record from three sites can be
reconstructed, as compared to 100 years of hydrometric record for the longest operating stations
in Alberta. Moreover, unless an observer is at a hydrometric station during the passage of an icejam-caused flood, most recording instruments are disabled during flood events. For many
remote sites, such as the Peace River Delta, indirect evidence of past ice-jam floods, such as
from tree scars and flood-beds, may provide the only long term record available.

3 Results
3.1 Ice-Scarred Trees
The ice-scar method assumes that abrasion of tree bark by river ice during a jam will record the
event in the tree rings (Fig. 5). Ninety ice-scarred trees growing on levees at the top of cutbanks
adjacent to the Peace River in the delta reach were sampled from 5km upriver of the Claire River
distributary offtake channel to 6km down the Slave River from the Peace-Riviere des Rochers
confluence (Fig. 1). Ages over the last 76 years and locations of the 90 ice-scarred trees over a
distance are presented in Table 1 and the results summarized in Table 2.
Analysis of ice-jam-caused scars on 90 tree trunks growing on levees along the Peace River
Delta indicates there have been 5 years since construction of the Bennett Dam with particularly
numerous ice-scars, suggesting large ice-jams and probable floods (Table 2). These dates are
1972, 1974, 1979, 1986 and 1994, which account for 62 of the 90 scars. These five years are
regarded as important overbank floods in the delta, in spite of the fact that these events were not
observed or recorded at the Rocky Point gauging station because of equipment failure. Six less
frequent scarring events occurring in 1976, 1990, 1992, 1996, 1997 and 2000 are recorded from
10 more scars (Table 2). The remaining 18 trees sampled were scarred between 1926 and 1968,
yielding probable ice-jam flood dates of 1926, 1937, 1942, 1943, 1948, 1958, 1963 and 1965.
Heights of tree scars above the levee range from 0.2-2.8m, with mid-scar heights averaging
1.3m, which indicates the approximate depth of water and ice above levees during floods (Fig.
5).

If, indeed, 5 major ice-jam floods occurred between 1968 and 2002 (34 years) coupled with the
1996 and 1997 observed floods (7 events in total), then there has been an average recurrence
interval of ice-jam flooding of once in 4.9 years (about 20 times/century) since construction of
the Bennett Dam. These results do not take into account duration of ice-jams, which may be the
most important hydrologic characteristic of ice-jam-caused flooding in the delta. Results from
only limited hydrometric data and limited aerial and ground observations, suggest that ice-jamcaused floods have recurred on average of once in 6.8 years .

3.2 Flood-Bed Sediments
Lithostratigraphic logs were recorded at 6 sites along 49km of channel cutbanks of the Peace and
Slave rivers (Fig. 2). The stratigraphic logs and associated radiocarbon ages of inter-flood-bed
organic material are presented in Figures 6-12. The ages and sample depths of fifteen
radiocarbon samples from 5 of the 6 stratigraphic logs are presented in Table 3. Log #2
contained too short of a record to be useful. None of the ages from log #6 were acceptable,
because all were less then 290 years old, falling within the questionable radiocarbon time period
described above and the ages were in reversed sequence. Because of the limited information
from logs #2 and #6, they were excluded from this paper.
Lithostratigraphic log #1 (Fig. 6) contained several unusually thick flood-beds (beds 2, 5 and 7).
The thickest, bed # 7, was 77cm thick, consisting of fine-grained sand with current ripple
structures. The radiocarbon age from this thickest bed varied from 1680 to 1950 yrs BP, which
is of limited use, falling in that time period of unreliability for radiocarbon dating. The next
radiocarbon date in Figure 7, 1520 to 1620 AD. is from 2.3m deep.

Using this sample's mid-range age of 432 years old and dividing by 24, the number of overlying
flood-beds, produces a recurrence interval of about once in 18 years. The oldest flood-bed #69,
dated at 883 AD yielded an average ice-jam flood recurrence interval of once in 16.2 years.
Lithostratigraphic log #2 across the channel from Moose Island is a short record only 0.87m
deep. Only one radiocarbon date was obtained and it fell within the period of unreliability.
Therefore this sediment sequence has limited value.
Lithostratigraphic log #3 has one reliable radiocarbon date below flood-bed #28 at 1.78m deep
(Fig. 7). The radiocarbon age varies from 1530 to 1630 AD. The resulting average recurrence
interval varies from once in 13.3 years to once in 16.8 years.
Lithostratigraphic log #4 is the only log taken on the north side of the Peace River channel, and
the flood-beds overlie sand deposited from glacial Lake McConnell (discussed in the next
section) at 2.3m deep (Fig. 8). The most useful radiocarbon age in log #4 comes from glacial
Lake McConnell sediments dated at 9700 cal BP or 7750 BC. This date marks the approximate

end of Lake McConnell. The other three radiocarbon ages are good dates but not useful, because
of cryoturbation (sediment mixed by ice processes) of adjacent flood-beds.

Fig. 6. Lithostratigraphic log from near the Claire River Distributary channel offtake (site #1)
from the Peace River.
Lithotratigraphic log # 5 contained 37 flood beds, plus an additional unlogged 20 flood beds
between 1.7 and 2.15m deep (Fig. 9). The photograph in Figure 4B shows a typical view of 6
upper flood beds, spaced about 4cm apart. Flood beds are generally thicker near the surface,
have fining-up grain size trends, and one bed (#2) contained current ripples. As a general trend,
flood beds become finer-grained and thinner with depth. This trend may be explained by
progressive erosion of the cutbank over time, whereby finer-grained beds were deposited at a
more distal position on the levee versus recent, uppermost, thicker, coarser-grained beds
deposited more proximal to the channel bank. At depth, organic material becomes thinner, less
present and more disturbed and disorganized, possibly due to cryo and bioturbation. Only the
two lowermost radiocarbon dates can be regarded as reliable for estimating ice-jam flood
recurrence intervals. For the period from about 1345 AD to 2002 there are 36 flood-beds, which
resulted in an average recurrence interval of 18.25 years or 5.5 times per century. The oldest
radiocarbon age of 1080 AD, from a sample which underlies 57 flood-beds, yielded a recurrence
interval of 16.2 years, or about 6.2 times per century.

Fig. 7. Lithostratigraphic log of Quatre Fourches South (site #3)

Fig. 8. Lithostratigraphic log of Quatre Fourches North (site #4). Note that sediments from
glacial Lake McConnell were encountered at 2.3m and a wood was radiocarbon dated at
9700 yr BP.

Fig. 9. Lithostratigraphic log from the right bank of the Peace River opposite a small island,
here called Wood Island (site #5).
In summary, three lithostratigraphic logs (#1, 3 and 5) had old enough dates to indicate reliable
long term recurrence intervals of ice-jam floods. The ice-jam flood recurrence intervals were
remarkabley close in age for the three sites, once in 16.2 years, once in 16.8 years and once in
16.2 years, respectively. Therefore, on average ice-jam floods have occurred at each of these
lithostratigraphic log sites about 6 times per century over the past 1100 years.

4 Discussion of Ice-jam Flood Frequencies
Results from ice-scarred trees along the Peace River in the delta reach indicate a post-Bennett
Dam period (1968-2002) ice-jam flood recurrence interval of between once in 6.8 and once in
4.9 years. If one considers only large numbers of ice-scarred trees along the delta reach for a
specific ice-jam date as being reliable, then one must include 1972, 1974, 1979, 1986 and 1994
between 1968 and 2002 (34 years). These 5 years then result in an average flood frequency of
once in 6.8 years (about 15 times per century); however, if one includes two additional observed
floods of 1996 and 1997 (7 events in 34 years), then the average recurrence is once in 4.9 years
(about 20 times per century, Table 2). In spite of the fact that the ice-jam floods of 1979, 1986
and 1994 were not recorded because of faulty stage recording equipment and no one was in the
area to observe the floods, the proof is in the multiple ice-scarred trees. Perhaps the reason the
ice-jam floods of 1979, 1986 and 1994 were not observed is the fact that trapping and living on
the land has greatly decreased since the fur boycott of the late 1970s, and since then most men
from Fort Chipewyan now work at Suncor and Syncrude oil extraction facilities in Fort
McMurray. These frequency results are in general agreement with the report of longtime Cree

trapper Reggie McKay who said "the higher ponds and sloughs only get water every five or
seven years" (Adams et al. 1998). Therefore, on the basis of ice-jam-scarred trees and observed
floods along the Peace River, post-Bennett Dam ice-jam floods are still within the natural range
of variability, assuming the natural range of variability is less then once in 16.4 years on average.
Historical data for ice-jam floods since the Little Ice Age until construction of the Bennett Dam
(1850-1968), 15 events over 118 years, have an average recurrence interval of once in 7.8 years.
A comparison of pre and post dam data show little difference: 7.8 years versus 6.8 or 4.9 years,
depending on the datasets used. These results do not agree with the sensational journalistic
comment that, "the delta is dying"; instead, ice-scarred tree data suggests the delta has been
flooded more frequently in recent years, since construction of the Bennett Dam, than in the past.
These data and trends suggests that the delta is currently healthy and productive.
While short term flood frequency from tree-scars at a specific site can be reconstructed with
reasonable confidence, results do not provide information on flood duration, which may be more
important than frequency. Also, tree-scar analyses do not imply that an ice-jam impacted the
entire Peace Delta. For example, a jam at Carlson's Landing meander bend may only flood the
western part of the Peace Delta, then break and move on down channel without jamming again
within the delta reach of the river.
When using radiocarbon ages on buried organic material extreme caution should be used for
dates less than 400 years (1600 – 2000AD). For example, in Figure 10, a measured age of 230
years BP with one standard deviation (1 sigma) away from the mean value (230 BP) being +/- 60
years (68% confidence) and two standard deviations (2 sigma) being +/- 220 years (95%
confidence) the actual age could be any age from 1510 to 1950, 440 years of time. Radiocarbon
dates in the literature have only recently been reported as 2 sigma or 95% confidence. Therefore
all measured dates less than 400 years old in this study are going to be unreliable and
unconvincing in a court of peer review.
Given the fact that radiocarbon ages are unreliable for ages less than 400 years old, only older
ages were used to determine long term (1100 years) frequencies of ice jam floods in the Peace
Delta. Three lithostratigraphic log sites (#1, #3 and #5) had old enough radiocarbon ages and a
flood-bed record abundant enough to provide information for determining long term flood
frequencies. In Table 4 information from the three sites indicates average ice-jam flood
recurrence intervals of once in 16.2, 16.8 and 16.2 years for sites #1, #3 and #5 for time periods
of 1119 years, 422 years and 922 years, respectively. These results, averaging about 16.4 years
(about 6 times per century), are about half as frequent as those of sites determined from short
term historic and tree-scar data (1850-1968 -- 7.8 years, 1968-2002 -- 6.8 years, and 1968-2002
[historic and ice-scar data] -- 4.9 years). These data suggest that flood-bed sedimentology
records only about half of the ice jam floods for the Peace Delta.
The lower frequency of ice-jam floods recorded in the sediments over the long term (1100 years)
may suggest that during the Little Ice Age climatic cool period, 500 years from 1350 to 1850
AD, relative to the present warm period, there was a period of greatly reduced flood frequency.
This notion is supported by historic data between 1803 and 1850 when only one ice-jam flood
was recorded (Peterson 1995). Paleo-limnology studies of the PAD also report a reduced
flooding trend during the 1700s and 1800s in perched basins (Wolfe et al. 2002). Livingston

(2001) reported a substantial reduced flood frequency during the Little Ice Age as compared to
the Medieval Warm Period (800-1350 AD) and the last 150 years on the Yukon River.

Since 1850, climate has generally been getting warmer (Luckman, 1996) which probably has
increased the frequency of ice-jam floods. The only explanation that can account for an
increased frequency of ice-jam floods during warm climatic periods is the fact that chinooks
(warm winds) may become more intense, causing accelerated snow melting and stream runoff in
the foothills and high plains watersheds, namely, the Smokey River watershed, while
downstream rivers are under the influence of cold temperatures.

5 Conclusions
1. Frequency of ice-jam flooding in the Peace River has not been significantly influenced by
the Bennett Dam and regulated flows.
2. Ice-jam floods since construction of the Bennett Dam (1968) are within the natural range
of variability.
3. The data suggest that during the Little Ice Age (1350 – 1850) the frequency of ice-jam
floods decreased to only several times per century, which would have appeared as a dry
period within the perched basins of the Peace Delta.
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