Geog 313 Geomorphology II

Section 6 – Rates of Denudation


Section 6 – Rates of Denudation
· Throughout the course, we have talked about a variety of geomorphic processes and even had the chance to observe their expression in the field.  Despite their power, intensity and ability to dramatically alter the physical environment on a large or small scale, it is still difficult to appreciate the time scale involved or frequency with which they operate.
· This section aims to briefly present the methods and techniques used in determining the magnitude and frequency of specific geomorphic events.  This research is important because it allows us to better understand the potential interactions between processes of natural erosion and the inhabited parts of this world.

6-1 Recurrence Intervals
- 
In nature, a fairly robust relationship exists between the magnitude of a natural event and its return period.  There is a semi-log correlation between magnitude and how often an event of particular magnitude is expected to recur (Fig. 6-1)
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Figure 6-1.  Recurrence intervals for rainfall of given intensity for Otira Township in the New Zealand Alps, and for all shallow earthquakes of given magnitudes in New Zealand (data compiled by J. Adams, in Selby, 1982).

· The main limitations of recurrence interval analysis are associated with the length of record of events (i.e. the longer the better) and the influence of climate change over an extended period of time (i.e. longer than several hundred or thousands of years).
· Events may be observed or inferred from through different means including landscape/landform interpretation, sedimentary deposits, or dendrochronological analysis although precise dates are rarely achieved.
· Another inference that can be made based on the magnitude-frequency relationship is that larger magnitude events tend to affect larger areas, introducing a spatial component into the equation.
· When considering the effects of erosion processes on a slope or region, it is necessary to define the time scale or resolution of analysis.  It is logical that when looking at a time resolution of millions of years, only the largest events will seem important, the effects of all the smaller processes would seem relatively insignificant.

· Regardless, threshold-crossing events affect the dynamic equilibrium as demonstrated in figure 6-2.  The ability of a slope to “recover” from a threshold-crossing event is directly related to slope gradient, lithology, soil cover, vegetation and seismic and/or climatic events.
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Figure 6-2.  Dynamic equilibrium consists of relatively sudden, landform-altering events followed by periods of adjustment to a new local dynamic equilibrium and finally a quasi-steady state where little or no adjustment occurs, provided that another landform-altering event does not occur during the period of adjustment (Selby, 1974b)
6-2 Extreme events
· It is very difficult to extrapolate the magnitude of a single large event (in terms of volume of material removed) to the lowering or denudation of an entire watershed or region.  Beyond the limitations involved with accurately determining accurate volume is the issue of the percentage of the watershed or region affected by the event.
· Very large slope failures may recur every 1,000 years, but almost never in the same place, so their actually recurrence interval is much longer, perhaps 10,000 or 50,000 years depending on what proportion of the area may be subject to these events.

· In general, according to Starkel (1976 in Selby 1982) areas with the highest frequencies of extreme events include mountains regions, areas affected by monsoon climate, and where human activities have dramatically altered the land use/cover (Fig 6-3).
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Figure 6-3.  The magnitude and frequency of landsliding in different environments.

· In most cases and depending on basin size, the material being eroded from mountain slopes is not directly removed by a river, but is temporarily stored as fans, talus slopes, or debris cones.  The record of initial deposition of this material near the valley bottom and subsequent reworking, incision and removal by the trunk river will be preserved in the landscape.
· It is very difficult to say with any certain what the “normal” rate of denudation is for a watershed.  So how can we discuss the effects of “accelerated” erosion?  Accelerated erosion and slow erosion are all part of the “normal” erosion rate assuming a static climate.
· However, we can say with some level of confidence that in some areas where people have dramatically altered the land use/cover, normal rates of natural erosion have been accelerated by a factor of 10 to 1000 times.  This is referred to induced erosion.
6-3 Measurement of denudation rate
· There are four main methods used to measure the rate of denudation for a region or watershed:

· Measure sediment and dissolved load discharged by rivers then covert to a rate of surface lowering for the watershed.  This is appropriate for large areas.

· The sediment accumulation in a reservoir over a given time period may be used for smaller catchments.  This is also useful for gauging the effects of human disturbance in the area.

· Direct measurement of slope processes including creep, surface wash and landslides can be summed and extrapolated to a total denudation rate.

· Accurate dating of land surfaces.  This requires some technique to determine the absolute age of the record, usually a layer of ash or buried vegetation.

· A standardized unit of measure of surface lowering called the Bubnoff Unit (B) is commonly used to express denudation rates.  1B = 1mm/1000 years or 1m/M years.  This can be converted to volume estimates by multiplying the rate by total area.
· Since the erosion and transport of sediment represents a change (decrease) in potential energy, two equations have been developed which express erosion as the amount of energy change in Joules or Watts.
· For stream channels the equation to calculate the change in energy associated with the removal of suspended sediment is
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where ΔE = change in energy, v = volume of sediment (m3), ρ = sediment density (Mg/m3), g = gravitational acceleration (i.e. 9.81m/s2) and h1 and h2 represents the vertical difference between the head and the location at which the denudation is being measured.
· A similar formula can be used to determine the rate of removal of material from slopes, the main difference is a substitution of distance of movement along the slope (dsinβ) for the difference in height calculation.  Figure 6-4 shows common values for a range of geomorphic processes.
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(km?) (mm) Density Power (W) Annual Power (W)
(Mg/m*)

Surface wash 0.32 5 19 0.144 0.002-0.190

Soil creepand 57 599 19 0.107 0.075-2.271

solifluction

Mudflows 0.01 - 1.9 0.355 0-51.078

Rockfall 0.20 - 26 0.130 0-0.102

Snowsulanche 505 - 26 0.001 0-0.015

debris

Solute transport  0.98 - 26 0.102 4.040-20.104

Suspended load Not measured 307.3-587.2

Total 0.98 - - 0.841





Figure 6-4.  Geomorphic activity in a small mountain catchment and comparable data from many sources (modified from Caine, 1976, in Selby 1982).

· Several authors have attempted to develop an index of global denudation rates (See Corbel, 1964, Fournier, 1960 and Starkhov, 1967).  In general the three researchers agree that climate and relief are dominant factors but there is disagreement on the altitudinal distribution of the zones with respect to seasonality and vegetative cover.
· Measurement of denudation rates is still fraught with imprecision and uncertainty with respect to data collection problems (i.e. incomplete/inaccurate records) and differences in calculation methods.
· Calculation methods reflect the difficulties in obtaining accurate bedload measurements, the variations associated with length of discharge record, inadequate measurements of discharge, inaccurate laboratory analyses, errors associated with collection of field data and sampling frequency.
· Human interference is another big error factor.  Many datasets are collected in basins that are well developed where silted stream beds, buried floodplains, infilled reservoirs and estuaries are all indicators of human interference and don’t reflect natural conditions (Fig. 6-5).
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Figure 6-5.  The effect of land use/cover changes on sediment yields near Washington, D.C. (after Wolman, 1967, in Selby 1982).

6-4 Direct measurements
· Direct measurements of soil creep and solifluction indicate rates of removal of 0.1 – 10.0cm3/cm per year and 50cm3/cm per year, respectively.  Because of the relative imperceptibility of these processes, the measurements tend to be biased because they are often taken where the processes is observable.
· Denudation by surface wash is directly linked to vegetative cover with the highest rates measured on steep slopes with little vegetation being some 10000 times greater than those measured on gentle, well covered slopes.

· There is a general lack of data on landslide and rockfall magnitude and frequency.  Errors related to not knowing the recurrence interval of a given event and the limitation associated with observations made only on active landslide sites compound our ability to accurately establish the contribution of landslides to the overall denudation rate.
· Landform changes can be quantified using methods such as:
· Radiometric dating of laval flows using Potassium-argon.

· Tree ring analysis to determine the rate of soil loss from around their roots.

· Comparison of current to historic rates of tree root exposure

· Mineral assemblages which are assumed to have crystallized in metamorphism during Alpine folding are dated by determining the temperature and pressure and thus depth at which such minerals would have formed.

· Excavation of archaeological sites and measuring the amount of soil removed and extraction of cores from lake beds or other sediments.
- 
The relationship between climate and the geomorphic expression of landform changes as controlled by denudation rate is still evident.  But the picture is not complete until we recognize the many other factors which are effective in altering the expected landforms given a particular climate regime.
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