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PROCESS GEOMORPHOLOGY

ASSIGNMENT 5
AEOLIAN PROCESSES

Introduction

Like flowing water, but unlike glacial ice, wind is an agent of transport which sorts sediments, leaving behind what cannot be set in motion (entrained).  Aeolian deposits therefore tend to exhibit relatively uniform particle size compositions.  A complete vegetation cover will normally reduce wind speed at the soil surface sufficiently to prevent wind erosion.  For this reason, wind erosion is largely restricted to bare or sparsely vegetated surfaces that are more frequently found in regions of low precipitation and in areas where human activities, such as agriculture, have removed the vegetation. Once bare of plant cover, the ability of a soil to resist erosion by wind is mainly a function of its texture (particle sizes of which it is composed) and moisture content. 

Wind transports sediment in suspension, and by saltation and surface creep.  In general, particles less than 0.1 mm in diameter tend to move in suspension, those between 0.1 and 0.5 mm move by saltation, and those larger than 0.5 mm move by creep.  Both the relative proportion of sediment carried by these different mechanisms, and the total amount of sediment eroded and transported across the soil surface varies with the nature of the soil surface and the wind. The rate of aeolian transport (q) is related to the shear velocity (µ*) of the wind as follows:

q = Aµ*n + B(µ*)  (see p. 385 in Trenhaile, 2013).

 
          where n = 3 

                      A = constant

                      B is a function of µ* .
The wind velocity required to initiate erosion of silt and clay particles (i.e. < 0.05 mm diameter) increases as particle size de​creases.  Cohesion between individual soil particles increases as the particles become smaller and, therefore, more wind energy is required to initiate erosion of the smaller particles.  For soil particles of fine sand size and larger (i.e. > 0.05 mm diameter), the wind velocity required to initiate erosion increases with particle size.  Since these coarser particles are not cohesive, the amount of wind energy required to initiate erosion is simply proportional to their size and weight. Soil moisture is also an important control on the susceptibility of a soil to erosion: only dry soil particles are normally eroded by wind since soil moisture promotes cohesion between particles and inhibits erosion.  
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Figure 1 below (Figure 12.4 in Trenhaile, 2013) shows the two different threshold curves for velocities required to initiate erosion of particles of different sizes. The fluid threshold shows the velocity required when the wind is not transporting sediment and, therefore, the only force acting to move particles on the surface is the fluid force of the wind.  The impact threshold shows the velocity required when the wind is already transporting sediment. At grain sizes less than 0.05 mm the fluid and impact thresholds exhibit approximately the same value.  Once wind begins to move particles by saltation and traction, these moving particles may strike other larger particles on the surface and cause them to move via surface creep.  In this case, the erosive forces will include both the fluid drag of the wind and the kinetic energy of particles already in transport.  Thus, at a given wind velocity, larger particles can be eroded by wind which is already transporting sediment.  
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Figure 1. Fluid and impact threshold velocities according to grain size (after Bagnold, 1941 as cited in Trenhaile, 2013).
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Tasks:

1. Describe briefly the environmental conditions that favour aeolian entrainment and transport of sand. (3 points)
· warm, dry soil surface (i.e., temperatures at 5 cm depth); strong evaporation from ground surface to create dry soils (i.e., link to lake evaporation and atmospheric vapour pressure); strong winds (enhances evaporation; facilitates sediment erosion and transport)
2. Access information related to the Climate Normals for the period 1971-2000 at the city of Saskatoon at http://www.climate.weatheroffice.gc.ca/climate_normals/index_e.html.
      Search by Location: Saskatoon.
Access the data for Saskatoon Diefenbaker International Airport and Saskatoon SRC.

View the data for Daily Average Temperature and Vapour Pressure (i.e., a measure of air humidity) from the Diefenbaker International Airport site. 

View the data for Soil Temperature at 5 cm depth and Lake Evaporation from the Saskatchewan Research Council (SRC) site.

Atmospheric vapour pressure and lake evaporation measure the flux of water vapour from the surface into the atmosphere via evapotranspiration.

      Use this information to determine which months of the year at Saskatoon will likely experience 
      the environmental conditions that favour aeolian entrainment and transport of sand. 
	Factor
	May
	June
	July
	August
	September

	Daily Average Temp. (oC)
	11.5
	16.0
	18.2
	17.3
	11.2

	Vapour Pressure (kPa)
	0.8
	1.1
	1.3
	1.2
	0.8

	Soil Temp. at 5 cm (oC)
	10.3
	15.3
	17.5
	16.5
	10.5

	Lake Evapora-tion (mm)
	4.7
	5.4
	5.4
	4.7
	2.8


Look for the combination of warm air and soil temperatures and strong water fluxes from the ground surface; this combination of factors will contribute to creating dry soils susceptible to wind erosion. Warmest air and soil temperatures, coupled with large water fluxes away from the ground surface, occur in June, July and August in Saskatoon. (5 points)
3. What is the average wind speed (km/hr) and most frequent wind direction during the time period identified in Task 2? (3 points)
	Factor
	June
	July
	August

	Wind Speed (km/hr)
	16.6
	14.8
	14.5

	Wind Direction
	West
	West
	West


4.  The critical fluid threshold velocity (µ*cr) for entraining particles in the wind is given by the following equation, assuming an air temperature of 20oC:

µ*cr = A
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 EMBED Equation.3  [image: image3.wmf](see p. 384 in Trenhaile, 2013)

      

where: A = 0.1 (a constant)

           (s = density of the particle

                  
           (a = density of air = 1.205 kg/m3 (at 20oC)

                        g = gravitational acceleration = 9.81 m/s2

                                   D = particle diameter (m)
A field scientist has obtained a sample of surficial sediments from an aeolian dune field in the vicinity of Saskatoon. She analyses the sample to determine the particle size distribution within the sediments. The results of the particle size analysis are presented in the file titled “BCCA Sand Dune Grain Size”. Plot these data as a histogram using the class intervals presented in the MS EXCEL worksheet and identify the modal class of this distribution.

      4 points for the histogram – axes labelled correctly with appropriate units; an informative figure 
      caption. 

      Modal class is 0.125 to 0.250 mm. (1 point)
5.   Aeolian sediments in central Saskatchewan consist largely of the minerals quartz  

      ((s = 2650 kg/m3), alkali feldspar ((s = 2560 kg/m3), and mica ((s = 2850 kg/m3). Use the fluid 
      threshold equation to determine the wind velocities, in metres/second (m/s), required to entrain 
      quartz and mica particles with diameters equal to 0.004 mm, 0.063 mm,  0.500 mm and 

      1.0 mm. Repeat the exercise to determine the wind velocity required to entrain the coarsest 
particle in the modal class of the particle size distribution. Enter these values in Table 4.2 in the columns labelled “dry”. Provide a sample calculation. 
(10 points for data in the first 2 columns in Table 4.2)
      Table 4.2. Threshold wind velocities required to entrain sedimentary particles.
	Particle Diameter (mm)
	Threshold Velocity (m/s)  for Quartz (dry)
	Threshold Velocity (m/s) for Mica (dry)
	Threshold Velocity (m/s) for Quartz (moist) 

	0.004
	0.0294
	0.0305
	0.0613

	0.063
	0.1166
	0.1209
	0.2432

	0.500
	0.3284
	0.3405
	0.6850

	1.00 
	0.4644
	0.4816
	0.9688

	Modal Class ( mm)
	0.2322
	0.2408
	0.4844


6. Refer to information on wind speed and direction in Task 3. If local winds blow persistently at this velocity and from this direction what will be the impact of aeolian entrainment and transport on the sediments described in Task 4? (5 points)
Average wind speeds vary from 16.5 km/hr (4.6 m/s) to 14.5 km/hr (4.0 m/s) over the summer months. These winds blow persistently from the West.

As these wind velocities exceed all of the critical fluid threshold velocities in Table 4.2, the sediment will be susceptible to wind erosion. Sediments will be entrained and transported from west to east – the direction that the wind is blowing. The particles will be sorted according to their relative densities: mica will travel short distances, quartz will travel further, and feldspar will travel the farthest. 
7. The wind speed required to initiate aeolian entrainment is strongly affected by the moisture 

content of the surficial sediments.  To assess the effect of moisture on aeolian erosion, assume that the moisture content of the sediments described in Task 4 is 3%.  The critical fluid threshold velocity (µ*cr) for entraining particles from a moist surface is given by the following equation (Johnson, 1965):
µ*cr = A
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 (1.8 + 0.6 log10W);  W = moisture content (%)
     Use this fluid threshold equation to determine the wind velocities (in m/s) required to entrain quartz particles with diameters of  0.004 mm, 0.063 mm, 0.500 mm, and 1.0 mm. Enter these data in Table 4.2 in the column labeled “moist”. Compare these data with the calculated fluid threshold velocities in Task 4 with respect to the capacity of the wind to erode these moist sediments. (5 points for data in the last column of Table 4.2)
    Moistening the sediments with water increases the cohesion of the sediments making them more resistant to aeolian erosion (i.e., deflation). This situation is reflected in the greater fluid threshold velocities required to erode moist quartz particles. (3 points)
8. This task explores the nature of glacial and post-glacial surficial sediments recovered from sites 

     near the Douglas Sand Hills in central Saskatchewan. The particle size distribution observed in 

     surficial deposits contains information about the source of the materials, and about the

     processes of erosion, transport, and deposition that have produced the deposits. 

Examine the particle size data presented in Table 4.3 and Table 4.4.
Plot the data for % of sample weight for each sample in a histogram (bar graph) using the 
class intervals specified in the tables. Plotting the two sets of data on a single histogram will facilitate comparison of the data. 

(5 points) - axes labelled correctly with appropriate units; an informative figure caption; legend to distinguish between the 2 samples. 

9.  Plot the data for cumulative % finer than for each sample on the graph paper that appears

 below. Join the data points for each sample to form a smooth curve: this curve is known 
 as an ogive. 
(3 points) – 1 point each for the graphs; labels to distinguish between the 2 samples.

10. Provide a brief explanation for the differences in the particle size distributions of the two samples represented on the histograms in Task 8 and by the ogives in Task 9. (5 points)
      The histogram and ogive for the glacial till sample illustrate the poorly sorted character of 

      glacial till sediments: multi-modal distribution – one mode at 2.8-4 mm (gravel) and another 

      mode at 355-500 μm (medium sand). The coarser-grained texture of the glacial till bears 

      witness to the immense capacity of glacial ice to erode and transport sediments.
      The histogram and ogive for the aeolian sand also suggest that these sediments are somewhat 

      poorly sorted: however, the vast majority of particles are finer than 1.0 mm diameter and the 

      modal class is 180-250 μm (fine sand). The finer-grained texture of the aeolian sand bears 

      witness to the much more limited capacity of the wind to erode and transport sediments.
Mark distribution: Task 1-3; Task 2-5; Task 3-3; Task 4-5; Task 5-10; Task 6-5; Task 7-8; Task 8-5; Task 9-3; Task 10-5. 
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Figure 2. Particle size distributions for glacial till and aeolian sand.

References:

R. A. Bagnold. 1941. The Physics of Blown Sand and Desert Dunes. London: Methuen.

J.W. Johnson. 1965. Sand movement on coastal dunes. In Federal Inter-Agency Sedimentation Conference Proceedings. U.S. Department of Agriculture, Miscellaneous Publication No. 970, pp. 747-755. (As cited in R.A. Davis, Jr. 1978. Coastal Sedimentary Environments, Springer-Verlag, New York, 420 p.)

PAGE  
7

[image: image1]_1362298077.unknown

_1362298106.unknown

