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Land-use change in upland catchment plateaus has modified the pattern and rate of sediment delivery to alluvial fans deposited 
by tributary valleys entering the Qu’Appelle Valley drainage system. Two alluvial fans in the valley were chosen to analyze the 
influence of agricultural land-use changes on sediment deposition and to document geomorphic response. The first alluvial fan 
is situated downstream of an upland catchment with intensive agricultural land use near Lumsden, Saskatchewan. The second 
alluvial fan is located within Cowessess First Nation near Broadview, Saskatchewan. The catchment area of this fan has under-
gone little to no agricultural tillage.The first result indicating increased erosion and sedimentation reflecting agricultural land 
use is the length of core extracted above the till layer. On the First Nation the length of core is 350 cm and near Lumsden the 
length is 800 cm. In both cores the most prominent stratigraphic markers are buried soils and layers of organic material con-
taining charcoal. Fossil A-horizons represent times of stability, whereas coarse grained layers identify periods of active erosion. 
The Lumsden core exhibits more periods of fan aggradation than the First Nation core as a result of increased erosion in the 
catchment area. While the impact of agricultural land use could be clearly documented in the sediments of the cores, it was 
not possible to correlate geomorphic events with stratigraphic layers because of the limitation of dating methods and the lag 
time in the sedimentation process. 
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Introduction

Alluvial fans are gently sloping fan-shaped landforms devel-
oped at the base of valleys where flow emerges from a confined 
feeder channel and spreads laterally as a result of sudden loss 
of stream power (Blair and McPherson 1994). They can form 
in both humid and arid environments and can be distinguished 
into two major types. Steep fans (~5°-15°) are formed by debris 
flow processes, whereas gently sloping fan surfaces (~2°-6°) are 
formed by fluvial processes. Changes in the alluvial fan environ-

ment can be controlled by tectonic activity, climatic change and 
human factors (Harvey 2004).

Sedimentation on gently sloping alluvial fans is controlled 
by fluvial erosional processes occurring in upland drainage ba-
sins and subsequent transport processes which deliver sediment 
to the fans. Alluvial fan systems are composed of three geomor-
phological units: a fan catchment which is the main source of 
the sediments; the feeder channel and associated valley slopes 
which mainly transport sediments; and the fan surface which is 
the depositional area (Blair and McPherson 1994). Sedimenta-
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tion on alluvial fans is intermittent, deposition occurring only 
in discrete sections of the fans. When feeder channels enter the 
main valley sediment-laden flows spread out forming alluvial 
fans in the valley bottom along the boundary of the lower hill 
slopes and valley floors. Most of the sediments are deposited 
when suspended sediment spreads onto the fan apex. Alluvial 
sediments that are transported as bedload and deposited during 
larger events are typically coarser grained (Bull 1977; Blair and 
McPherson 1994).

Alluvial fan depositions are not only the result of different 
styles and rates of sedimentation but also of subsequent weath-
ering and reworking of the fan sediments (Blair and McPherson 
1994; Harvey 2004). The stable periods between depositional 
events are characterized by incipient soil formation. Alluvial 
fan sediments can act as an archive of landscape development 
and land-use changes since they are derived from the upstream 
catchment and feeder channel slopes (Beach 1994; Baker et al. 
2000; Bettis-III 2003).

Alluvial fans in the Qu’Appelle Valley are subtle landforms, 
with gradients less than 4° and total relief less than 25 m. These 
low gradient fans are composed of fine-grained sediment, pri-
marily silt with sheets of sand and gravel. The Qu’Appelle Val-
ley is one of the largest meltwater channels in Canada and was 
carved approximately 14,000 years ago during the Wisconsinan 
when large volumes of meltwater cut into the glacial deposits 
(Klassen 1975; Christiansen et al. 1977). Since glacial retreat, 
slopes have been subject to mass wasting and erosion processes. 
It is estimated that at present, the Qu’Appelle Valley is one-third 
filled with alluvium (Christiansen et al. 1977). The rate of de-
position was high immediately following glacial retreat and has 
decreased to the present time (Klassen 1989).

Holocene alluvial fans are covering the Quaternary 
Qu’Appelle Valley alluvium. Climate conditions have fluctu-
ated throughout the Holocene and influenced deposition of the 
fans (Roberts 1998; Yanza 2006). Modern agriculture practices, 
especially tillage agriculture, over the last 120 years have in-
creased erosion in the contributing catchment areas and thus 
sedimentation on the alluvial fans (Heginbottom 1989).

In Saskatchewan, water is the dominant agent of erosion, 
particularly during spring snowmelt over partially frozen soils 
(Ashmore 1993; McConkey et al. 1997). Since large portions 
of the prairie surface are regions of internal drainage that are 
not connected with regional river systems, net erosion rates are 
low because the eroded sediments never leave the catchments 
with alluvial fans storing sediments from the upland catchments 
(Ashmore 1993). For near level fields, Sutherland and de Jong 
(1990) identified wind erosion as the major erosion process. In 
fields with slopes greater than 2°, sheet and rill erosion were the 
dominant erosion processes.

Soil erosion by spring snowmelt of thawed surface soils 
above frozen soils is especially effective because infiltration be-
low the frozen soil layer is not possible (de Jong et al. 1983; 
Singh et al. 2009; Jensen et al. 2011). During early settlement 
and the establishment of wheat agriculture operations, soil ero-
sion rates remained fairly low before the adoption of mecha-
nized tillage practices. From the 1920s to 1940s, increased ero-

sion rates are documented for southern Saskatchewan, which 
are the result of these intensive tillage practices (Koroluk and 
deBoer 2007). Pennock et al. (1994) and Koroluk and deBoer 
(2007) estimated that the greatest rate of soil distribution would 
occur in the first 12 years of cultivation due to the clearing of the 
native prairie vegetation and tillage erosion. In the last three de-
cades, new rotation practices and the adoption of new minimum 
and no tillage practices have improved physical and chemical 
soil quality and reduce soil erosion (McConkey et al. 2003; Jen-
zen et al. 2011). 

The overall objective of this study was to develop a relative 
chronology of the geomorphic development of two sediment 
cores from two alluvial fans. Possible environmental controls 
responsible for periods of lower erosion and sedimentation rates 
and periods of accelerated geomorphic activity with high ero-
sion and sedimentation rates within the alluvial fans and their 
drainages were identified.

Study area

The Qu’Appelle Valley is located in east-central Saskatchewan 
and extends from Lake Diefenbaker in the west to the Saskatch-
ewan-Manitoba border in the east where it joins the Assiniboine 
River Valley. Cut into the relatively flat plain, the valley pro-
vides an important sedimentation area for materials eroded from 
the surrounding agricultural cropland.

The agricultural research site (AR site) is located approxi-
mately six km west of the town of Lumsden. The First Nation 
research site (FNR site) is located on Cowessess First Nation, 
at the east end of Crooked Lake, approximately 20 km north 
of Broadview, Saskatchewan (Figure 1). The two selected al-
luvial fans are downstream of tributary valleys that drain south 
to north (Figure 1). The FNR site has little to no documented 
history of agricultural land use in the upland catchment plateau. 
The slopes are covered with native prairie grasses and parkland 
trees, including Populus tremuloides (trembling aspen) and 
Quercus macrocarpa (bur oak). Native grasses are found along 
the floor of the lower tributary valley and atop the alluvial fan. 
In contrast, the soils of the upland catchment and valley sides 
of the AR site have been intensively used for agriculture since 
the late 1890s. Today, crop rotation species including peas and 
wheat are common. Source area soils for both alluvial fans are 
chernozemic. Typically, they are 45 cm to 50 cm thick with neu-
tral to slightly alkaline pH and have developed on medium to 
moderately fine textured silty glaciolacustrine deposits and till 
(Ellis et al. 1965; Saskatchewan Soil Survey 1987).

Methods

The alluvial fans selected for comparative study are located on 
the floor of the Qu’Appelle Valley. One is associated with an 
upland catchment dominated by agricultural cropland and the 
other is associated with a native prairie headwater catchment. A 
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single borehole core extracted from each alluvial fan was exam-
ined in detail. 

Initially, topographic maps and aerial photographs were 
evaluated for the identification of potential north-facing side 
valley catchments of approximately 2.5 km2 which had close 
proximity to access roads, and were classified as either agricul-
tural land or native prairie. 

Core extraction drilling sites need to be towards the apices 
of alluvial fans in order to capture the most complete sedimen-
tary records (Bull 1977; Christiansen et al. 1977). A 2-ton truck 
equipped with a mechanical hollow stem auger, and 1.5 m long 
and 7.5 cm diameter sampling barrels, cored selected sites to a 
depth of 4 to 9 m. Cores were photographed and described be-
fore and during the subsampling process.

From each of the 1.5 m extracted cores, subsampling was 
performed based on changes in colour, texture and other unique 
attributes such as the presence of charcoal, shells and roots. The 
dry colour was matched using the universal Munsell Color Chart 
(Munsell Color 2000) and texture was determined by feel and 
general perception. Along the length of the core, subsampling 

ranged from 2 cm to 10 cm intervals. Sampling units that were 
homogeneous over greater lengths were subsampled at 15 cm 
intervals. 

Two organic carbon samples buried by alluvial fan sedi-
ments were sent to Beta Analytic Incorporated in Miami, Flor-
ida for 14C dating. Following 2-sigma calibration made by Beta 
Analytic using the Pretoria calibration curve, the conventional 
radiocarbon age of the two samples was measured (Vogel et al. 
1993). Coarse fraction (≥ 2 mm) particle size analysis was per-
formed by dry sieving. The fine fractions (< 2 mm) were ana-
lyzed by using the Malvern Instruments Mastersizer 2000 laser 
diffractometer with Hydro 2000MU pump accessory (Sperazza 
et al. 2004). Percentage organic matter was determined by loss 
on ignition techniques (Pansu and Gautheyrou 2006).

Topographic data (latitude, longitude and elevation) were 
collected using a Trimble handheld global positioning system 
(GPS) unit with a vertical accuracy of 1.0 m to 1.5 m and a hori-
zontal accuracy of 1.5 m to 2.5 m. Along with each topographic 
data point, notes on vegetation cover were recorded. Topograph-
ic data points were taken at intervals of approximately 10 m in 

Figure 1 
Locations of the research sites in southeastern Saskatchewan’s Qu’Appelle Valley
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Figure 2 
Geomorphological map of the First Nation research site with location of borehole core
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Figure 3 
Geomorphological map of the Agricultural research site with location of borehole core
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horizontal distance and 1 m in vertical height. The gradients of 
slope segments were measured using a Suunto clinometer with 
a precision of 0.25°.

Using Golden Software Surfer 8.0, topographic data for each 
site were subjected to the Kriging algorithm to create digital el-
evation models (DEMs). The DEMs became the contour base 
maps of the geomorphic map for each site, and additional infor-
mation and features were added as geomorphic layers (Figures 
2 and 3).

Results

The most noticeable differences between the two cores are 
core length and the thickness of the alluvial sediments above 
the Pleistocene till. The FNR site has a core length of 350 cm 
whereas and the AR site core is 800 cm long. Both cores indicate 
a dynamic erosional and depositional environment documented 
in a sequence of episodic sedimentation and incipient soil for-
mation spanning the Holocene.

Periods of fan stability with little to no erosion in the catch-
ment area are characterized by a high percentage of clay and 

organic matter, and the presence of in situ roots in the fan sedi-
ments. These characteristics indicate that these sediment layers 
supported the development of a vegetation cover and in situ 
soils. Buried A-horizons were identified by the presence of in 
situ roots and their dark colours. The latter ranged from dark 
greyish brown (2.5Y 4/2), through very dark grey (2.5Y 3/1) to 
black (2.5Y 2.5/1), and contrasted sharply with the surround-
ing sediments ranging in colour from pale yellow (2.5Y 7/3), 
through light yellowish brown (2.5Y 6/3) to light olive brown 
(2.5Y 5/3). These light coloured sediments were similar in co-
lour to sediments found in the source catchment plateau. 

It is difficult to determine if a thin organic-rich layer repre-
sents deposited organic sediment from the upslope catchment 
area or in situ A-horizon development during periods of stabili-
ty, whereas a thicker organic horizon (> 3 cm) is likely the result 
of in situ soil development. Alluvial fan sediments containing 
organic components would support vegetation growth following 
deposition and develop an in situ A-horizon (Alexandrovskiy et 
al. 2004). Layers deficient in organic matter with high sand and 
coarse sediment characterize times of erosion in the catchment 
areas (Beach 1994; Elliott and Parker 2001). 

Figure 4 
First Nation research site extracted borehole
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Figure 5 
Agricultural research site extracted borehole core
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The most distinct stratigraphic layers within the FNR site 
core comprise a dark organic layer from 315 cm to 305 cm, a 
thick, black charcoal-rich layer with a sharp transition from 227 
cm to 225 cm, a sandy layer from 225 cm to 210 cm, and a 
thick A-horizon from 30 cm to 0 cm (Figure 4). The most dis-
tinct stratigraphic layers and features within the AR site core are 
coarse sand and gravels at 310 cm to 295 cm, a coarse sandy 
layer at 90 cm to 80 cm directly beneath the thick A-horizon 
with a sharp transition, and a thick A-horizon from 80 cm to 0 
cm (Figure 5).

Discussion 

First Nation research site core
In the FNR site core (Figure 4), the sediment layers between 
core depths 245 cm and 195 cm are considered to be the result of 
alternating erosion events. There is a distinct 2 cm thick charcoal 
layer at 227 cm to 225 cm overlain by a 15 cm thick unit com-
posed of loose sand and gravel (2 mm to 6 mm diameter). These 
sediments contain sand and gravel indicating an extreme short-
term erosion event in the catchment area following fire-induced 
changes in slope hydrology and erodibility. The charcoal layer 
was probably deposited during a brief time of accelerated ero-
sion following a fire disturbance in the upland catchment area 
before vegetation became re-established (Beach 1994). Acceler-
ated mass spectrometry (AMS) measured a radiocarbon age of 
a charcoal sample at 225 cm depth of 4520 ± 40 BP. Following 
2-sigma calibration using 13C/12C ratios, the conventional radio-
carbon age was measured as 4530 ± 40 BP. Incipient soil layers 
at 90 cm to 75 cm and 60 cm to 40 cm with in situ roots indicate 
times of relative fan stability. A distinct layer of sandy gravels at 
75 cm to 60 cm capping a buried A-horizon was deposited fol-
lowing bedload dominant erosion events in the catchment and 
fan area.

Agricultural research site core
In the AR site core (Figure 5), thick layers of sandy loam sed-
iments from 640 cm to 425 cm are interpreted as a result of 
erosion in the catchment area under pre-agricultural conditions 
resulting in thick, homogeneously coloured and textured sedi-
ments. The dominant agents of erosion/sediment transportation 
under pre-agricultural land-use conditions are considered to be 
sheetflow and rill erosion. These result in sandy loam textured 
sediments deposited on the alluvial fan. At 640 cm the core 
reaches the till. Sand and gravel strata are found at 420 cm to 
415 cm, 342 cm to 340 cm, 335 cm to 315 cm, 312 cm to 285 
cm, and 90 cm to 75 cm, respectively and are deposited by bed-
load dominated erosion events occurring in the catchment and 
the associated fan area. Roots and other organic matter indicat-
ing A-horizon soil development were found from 385 cm to 345 
cm, 275 cm to 245 cm, 200 cm to 170 cm, 150 cm to 130 cm, 
and 80 cm to 0 cm. Numerous layers of coarse sediment from 
200 cm to the surface are interpreted as a result of recent alluvial 
fan aggradation.

A sample of charred material taken at a depth of 220 cm was 
selected for AMS analysis. Although the sample was too small 
for a 13C/12C ratio measurement, a ratio including both natural 
and laboratory effects was measured during 14C detection. From 
this ratio, calendar calibration was calculated, resulting in a con-
ventional radiocarbon age of 108.9 ± 0.5 pMC, where pMC is 
the percent of modern reference carbon. Beta Analytic indicates 
that the calibrated age of 108.9 ± 0.5 pMC suggests the material 
was alive within the last 50 years (Hua et al. 2013).

The sand and gravel layers between 475 cm and 285 cm 
could represent erosion events triggered by intense agriculture 
and tillage practices within the upland catchment area and/or on 
the alluvial fan. Since the soils in the contributing area are not 
truncated and till is not exposed, most of the coarse sediment 
was probably relocated from the feeder channel of the fan dur-
ing an erosion event. From 345 cm to 285 cm coarse sediments 
indicate a period of successive bedload dominant sedimentation.

Sedimentation interpretation
Borehole cores from the FNR and AR sites exhibit alternation 
between times of sedimentation and times of stability in the top 
third of the cores. However, it cannot be conclusively deter-
mined where the pre-European sediments end and the European 
sediments begin.

Figure 6 shows a distinct layer of sandy gravel which indi-
cates that erosion events occurred at 425 cm (~220 cm above 
till) for the agricultural core and at 180 cm (~160 cm above till) 
for the First Nation core. This layer may be a marker that in-
dicates settlement and ground breaking in the catchment areas. 
Sheet and rill erosion was probably the dominant process under 
pre-agricultural land use on both research sites, resulting in a 
preponderance of sandy loam sediment. The stratigraphic lay-
ers of the AR core indicate increased erosion rates caused by 
tillage practices as discussed by Lobb et al. (1995). When a sec-
ond phase of increased erosion and subsequent sedimentation 
occurred as a result of tillage practices, underlying sediments 
including lighter coloured B-horizon sediments were eroded, 
transported and deposited on the alluvial fan at 295 cm to 345 
cm.

Over the last 50 years, the AR site was subject to soil erosion 
reducing practices such as zero tillage. Although erosion events 
are continuing to occur, the amount of sediment deposited in the 
area of accumulation is less than that of past tillage induced ero-
sion and phases of increased sedimentation.

Conclusion

The alluvial fan stratigraphy from two borehole cores and the 
topography indicate that a relationship exists between an in-
crease in erosion due to agriculture in the catchment area and 
sedimentation on the alluvial fan. Layers indicating extreme 
erosion events are characterized by high sand and gravel content 
and low organic matter. Layers with high silt and fine sand con-
tent could be the result of erosion events with lower runoff rates 
that are unable to transport coarse sediment. Times of extended 
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Figure 6 
Schematic representation of the sedimentary succession interpretation of the two borehole cores
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stability are characterized by layers with high organic matter in 
combination with higher clay content as a result of in situ weath-
ering and soil development.

The borehole cores at both research sites show a pronounced 
sandy gravel layer between approximately 220 cm and 180 cm 
above the underlying till (Figure 6), which may be attributed 
to ground breaking and settlement in the catchment area. The 
sediments above this sandy gravel layer are over twice as thick 
adjacent to agricultural vegetation and land use (415 cm) as 
compared to native prairie vegetation (170 cm). The thickness of 
sediments indicates that agriculture, especially tillage practices, 
increased erosion rates and thus increased sedimentation on the 
alluvial fan. Further, the topography of the side valleys adjacent 
to agricultural land exhibits the reduction of slope angles due to 
the deposition of sediments in depressions and the smoothing of 
ridges including that of the transition between side valley slopes 
and upland catchment area.

However, due to the complexity of the sedimentation pro-
cesses on the alluvial fans, the chronology of the sedimentation 
events may not be complete. During a sedimentation event not 
only does the deposition occur, but there may also be removal 
of sediments. The evaluation of single borehole drilling is not 
sufficient to reconstruct the complex structure of an alluvial fan 
and can be used only for a first estimation of factors influencing 
the fan development (Lewin et al. 2005).
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