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ABSTRACT

A large landslide fl owed down Hummingbird Creek to Mara Lake in July 1997. 
Archival research and historical map and air photo investigations suggested 
that other fl ood or debris fl ow events have occurred since the mid-1930s. 
The community of Swansea Point and Highway 97A are located on this fan 
delta. There is a need to determine magnitude and frequency of debris fl ows 
impacting alluvial fans in the southern Interior of British Columbia and this 
offers one example. Sediment coring with a modifi ed Livingstone corer was 
used in Mara Lake to obtain metre-long cores around the perimeter of the 
fan. Cores were logged and measured for magnetic susceptibility. Samples 
from one core were analyzed for geochemical signatures. No dating of the 
cores has been done but Cesium137, Lead210, and radiocarbon dating could be 
applied to this material. Features that are interpreted as debris fl ows entering 
Mara Lake are thin layers of woody debris and sediment with coarser than 
average grain size. Magnetic susceptibility shows discrete “events” in several 
of the cores. Lake sediment sampling for effects of natural disturbance and 
forest development on fan deltas show promise for deciphering historical 
changes in sediment input. These sedimentation events may be related to 
seasonal fl ooding, landslides, fi re, or forest development.

INTRODUCTION

Debris fl ows can travel down stream channels and deposit on fan deltas both 
in the subaerial and subaqueous environments. Thus, they have the poten-
tial to be preserved in the sedimentary record. The subaqueous sedimentary 
environment is best evaluated using the procedures of sediment coring that 
do not signifi cantly alter the sediment profi le. The cores can be read like a 
book; the beginning of the chapter is at the base of the core and the end is at 
the top. By examining the layers of sediment, the geologist can decipher the 
processes that occurred on the fan.

The questions addressed in this paper are (1) How frequently do large 
debris fl ows run out and deposit in Mara Lake? (2) What is their magnitude? 
(3) What can the lake sediment tell us? and (4) How well can lake sediment 
coring be used for process geomorphology?

The community of Swansea Point is located 7.5 km south of Sicamous on 





Highway 97A and 20 km northeast of Salmon Arm. It is built on an alluvial 
fan at the front of a steep Interior mountain range called the Hunters Range 
in the Shuswap Highland (Holland 1964) (Figure 1). Drainage to the fan apex 
is from Hummingbird Creek (16.5 km2 area) and Mara Creek (20.9 km2 area). 
Mount Mara, at about 2190 m elevation, is the highest point in the watershed. 
Hummingbird Creek is entrenched in a bedrock-controlled structure result-
ing in an inner gorge. The mainstem length is 13 km. The drainage appears to 
follow structural lineaments from Eocene age block faulting of the Shuswap 
Metamorphic Complex, now mapped as the Eagle Bay Formation (Johnson 
1990). 

Hunters Range is at the periphery of the wet belt, with its hydrology 
dominated by snowmelt and rain-on-snow events associated with warm tem-
peratures. The biogeoclimatic zones represented here, in the order of areal 
coverage over the drainages, are Northern Monashee Wet Cold Engelmann 
Spruce–Subalpine Fir variant, Thompson Moist Cool Interior Cedar–
Hemlock variant, and Alpine Tundra (Lloyd et al. 1990). This area has a his-
tory of fl ooding, bridge washouts, and road relocations (Kamloops Sentinel 
1935). The Eagle River and Perry River valleys to the north of Hunters Range 
had active deposition on several fans during the summers of 1965–1967
(Smith 1969). Pre- and post-Forest Practices Code forestry development were 
carried out on gentle-over-steep terrain above. Gentle-over-steep refers to 
a concave upper slope profi le with lower slopes lying topographically above 
steeper slopes with a distinctive break in slope.

The fan is about 0.6 km2 in area, with its apex near the confl uence of 
Hummingbird Creek and Mara Creek (Figure 2). The channel across the 
fan fl ows south at present but has migrated historically. At the time of the 
Railway Belt surveys in the late 1800s to early 1900s, Hummingbird Creek 
fl owed directly west to Mara Lake (Figure 3). During World War I, an intern-
ment camp was located on what was called Six Mile Point. Hummingbird 
Creek fl owed more southwesterly at that time. A 1928 federal government air 
photo shows Hummingbird Creek following a meandering planform across 

fi gure 1    Location map of Mara Lake. 





the lower fan and discharging into Mara Lake in the southwest. The reach of 
Hummingbird Creek below the apex was broader in 1928. In the Depression 
years of the early 1930s, a work camp was re-established here but abandoned 
in 1935. Coincidentally, newspaper accounts report widespread fl ooding in 
1928, 1935, and 1936 (Okanagan Commoner 1928; Enderby Commoner 1935; 
Kamloops Sentinel 1936). The more recent changes in Hummingbird Creek 
are recognized by comparing the 1994 air photos with the 1997 air photos. 
The reach below the apex has returned to its wide, bare gravel braided 
morphology.

METHODS

The tools to collect lake sediment cores are varied and have been honed by 
years of research, particularly in paleoenvironmental work. Many research-
ers use a method of non-disruptive coring (e.g., Arnaud 1997; Pettigrew 
1999; Lamoureux 2000). For Mara Lake, the modifi ed Livingstone corer and 
Kajak-Brinkhurst corers were used. These are widely used in lake sediment 
sampling for biological purposes.

FIELD WORK

Coring was carried out around the periphery of the fan in water depths rang-
ing from 14 to 27 m in October 1999 (Figure 4). Core locations were centred 
on areas of former stream mouths. A motorboat and raft were used with a 
crew of between three and four persons. The core recovery procedure used 

fi gure 3   Pre-1997 satellite image of Mara Lake, 
Swansea Point, and Hummingbird Creek 
showing development of the fan delta and forest 
harvesting and road building in the watersheds.

fi gure 2    Historical map of Mara Lake from the late 
1800s to early 1900s from the Railway Belt 
Survey.





here was a raft, equipped with anchors at its corners, to move the coring 
device around the perimeter of the fan. The motorboat was used to tow the 
raft, and take bathymetry measurements and gravity core samples. The posi-
tion of the raft was calculated by triangulation using a digital range fi nder 
and Brunton compass on fi xed positions on land. The cores were collected 
from each site, extruded and wrapped in plastic fi lm and aluminum foil, 
and placed in wooden core boxes. Gravity samples were also taken in deeper 
water beyond our limit of coring.

The modifi ed Livingstone corer is a piston-type corer and was recom-
mended for lake sediment sampling to get metre-long and longer cores (Dr. 
I.R. Walker, Biology Dept., Okanagan Univ. College, Kelowna B.C., pers. 
comm., 1999). The inside diameter of the core barrel is 5 cm. It is lowered to 
the bottom of the lake using rods that are screwed together and pushed into 
the substrate by the weight of the operators. It is restricted to lake depths that 
do not exceed the length of drill rod available. The Kajak-Brinkhurst corer is 
a gravity corer for less than 1 m long cores. The Kajak-Brinkhurst has a 6.25
cm inside diameter. It is dropped from the side of the boat in deep water (33
m) and a messenger weight is sent down the line to trigger a plunger, which 
seals the top of the Plexiglas core tube. The corer is then pulled up, capped, 
and brought to shore for extrusion.

The cores were stored in Kamloops, then transported to the sediment 
laboratory at the Pacifi c Geoscience Centre in Sidney on Vancouver Island. 
The K-B core was extruded in 1-cm disks using a specially built core extru-
sion device and stored in zip-lock bags.

fi gure 4   Mara Lake sediment core locations around the periphery of the fan delta. 
K-B refers to the Kajak-Brinkhurst gravity core sample site.





ANALYSIS

Examination of the sediment cores was done in the sedimentology lab after 
discussion with Kim Conway, Geological Survey of Canada scientist. The 
physical characteristics of texture, lithology, colour, stratigraphy, and vane 
shear stress were measured. The Munsell soil colour chart was used to deter-
mine colour (Munsell Color 1990). Identifi cation of the 1997 event was made 
in the uppermost section of the core samples. In addition, a similar size or 
smaller sedimentary record of a recent event underlies the presumed 1997
debris fl ow event. Closer to the base of the core, a third event was noted.

Magnetic susceptibility analysis determines the relative amount of magnetic 
minerals in the sediment, and helps to classify the sediment based on its min-
eralogy. It is a measure of the ease of magnetization, which is related to the 
concentration and composition of magnetizable material in the core. This 
tool appears to have found two more events that are correlated from core to 
core. If these sedimentary events are also debris fl ows or debris fl oods, they 
show that over a 1-m section of core, up to fi ve events are present.

The sedimentology lab of the Geological Survey of Canada in Sidney was 
used for core scanning. A magnetic susceptibility (ms) scanning system1

comprised of a coil connected to a personal computer and software was used 
to measure ms along the core axis. The frequency was set at 300 Hz for sedi-
ments. Eleven cores, ranging in length from 20 to 98 cm, were analyzed in 
this manner (Figure 5). 

Sub-sampling of core ml-99-7 in continuous 5-cm increments was done 
for the entire length of the core. A multi-element geochemical analysis was 
done for this core, from the centre of the fan delta front. The method used 
was induced coupled plasma (icp) mass spectrometry. Included in the suite 
of elements were copper, lead, iron, and zinc, as well as loss on ignition (e.g., 
Figure 6).

DISCUSSION

The sediment cores collected around the fan delta of Hummingbird Creek 
(Swansea Point community) provide the following information. In general, 
the material cored is gyttja and sand with more or less distinctive layers 
of silty sand and organic litter. Gyttja is a freshwater lake sediment with 
abundant organic debris. Grain size appears to increase upward in the core 
(prograding fan). The magnetic susceptibility documents repeated phases of 
increased magnetic property of the sediment, which are referred to here as 

“events.” The most recent large event to hit Mara Lake from Hummingbird 
Creek was the July 11, 1997, debris fl ow (Jakob et al. 2000). The record of this 
debris fl ow is interpreted to be the top of the sediment pile. A coarser sand 
layer is overlain and underlain by fi ner sand and capped by a thin layer of 
organic litter. This sequence is identifi ed with debris fl ow and debris fl ood. 

Magnetic 
Susceptibility

 1 Version 1.0 27/1x/1996 Sapphire Instruments si2 susceptibility metre, program written by Ran-
dolph J. Enkin based on susc15 2/iii1995.

Core Logging

Chemical Analysis





Since grain size analysis was not carried out due to the lack of sample volume 
required by the laboratory, a proxy of increased grain size with increased 
magnetic susceptibility was used. Magnetite grains are believed to be trans-
ported with the sand fraction onto the delta face. This was corroborated by 
visual and hand texturing of core material during core logging.

Down core chemical analysis was used to identify anthropogenic infl uence 
on the sediment. In the single core analyzed, this analysis shows increas-
ing lead and copper levels in the uppermost part of this core. This result 
is broadly similar to that found in other parts of British Columbia, which 
document leaded gasoline use in the area (e.g., Mathewes and D’Auria 1982). 
Other metals have been plotted and may represent natural and human infl u-
ences on the Hummingbird Creek and Mara Creek watersheds.

CONCLUSIONS

Lake sediment core sampling on fan deltas can be a useful method to deter-
mine anomalies in the lake sediment that may be caused by runoff events 
and debris fl ows or debris fl oods. The record is more complete than the ter-
restrial record. This is because the prevailing accumulation of sediment on 
the subaqueous portion of fans may not be recorded on the fl oodplain or is 
subsequently lost from future erosion. Relatively straightforward analysis by 
core logging, magnetic core scanning, sampling for chemical, mineralogical, 
and textural properties, and age determination from isotopes can potentially 
be done.

The identifi cation of older debris fl ow deposits recorded in the lake 
sediment is based on that of the recent large 1997 event. Coarser-grained 

0

20

40

60

80

200 300 400

D
ep

th
 (

cm
)

100

Magnetic susceptibility SI

 

1

 

2

 

3

 

4

 

5

 0 

20
 

40
 

60
 

80
 

100
 

0

Iron concentration (104 ppm)

D
ep

th
 (

cm
)

fi gure 6    Iron concentration in core 7. fi gure 5    Mara Lake Core 99-07.





sediment overlain by fi ne woody debris with sharp basal contacts on fi ne lake 
sediment appears to be diagnostic.

The frequency and magnitude of debris fl ows impacting the fan and re-
fl ected in the sediment column indicate that the fan has a history of debris 
fl ows. 

Without age control of the stratigraphy of the lake sediments, it is prema-
ture to speculate on the frequency of events that have impacted the fan/delta 
and presumably the fan itself. Other processes may be responsible for the 
change in sediment character in the fan. Forest fi re, summer thunderstorms, 
rain-on-snow, road building, and creek avulsion can all add sediment to the 
delta.
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