A QUICK, SIMPLE AND INCOMPLETE VIEW OF HOW INCISIONAL CHANNELS AND HILLSLOPES COULD EVOLVE WITHOUT A CLEAR MASTER AND SLAVE

Gary Parker

October 3, 1999

A first version of these notes were put together during an airplane trip from Seattle, Washington to Minneapolis, Minnesota on October 2, 1999.  A handwritten copy was given to Niels Hovius, who happened to be on the same plane.
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Goal: to show that there may be no clear master and slave when channel incision into bedrock accompanies hillslope landslides.

Idea: Incision drives landslides, which then inhibit incision until most of the landslide deposit is cleared out.

Assumptions.

1. The average rate of incision of the channel into bedrock (rate of lowering of the bed into bedrock) is vI.  This rate is averaged over all time, including times for which the bedrock is covered by colluvium from landslides, and times when it is (mostly) exposed and available for plucking/corrasion etc.

2. When the bedrock is (mostly) exposed, the bedrock erodes at the (intrinsic or capacity) incisional rate Eb, which is driven by flow combined with a “background” supply of tools that is independent of large landslides.

3. A large landslide occurs once every Ts years, whenever the bedrock surface of the channel bed is reduced by a vertical height H.  It causes a landslide that in turn reduces the ridge of the hillslope by the same height H, so maintaining a constant hillslope angle (.  The total volume per unit streamwise area of sediment so produced (from both sides) is thus 2BsH, where Bs is the lateral distance from the channel to the ridge of the hillslope.

4. Fluvial processes are able to clear out colluvium from slides at the rate Ec (volume per unit bed area per unit time).  The time Tr to remove the colluvium and (mostly) expose the bedrock is thus given by
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where h is the equivalent depth of colluvium delivered to the channel by a slide, given by
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and B denotes the width of the channel.

5. Tr < Ts, so that the bedrock is (mostly) exposed at least some of the time.

6. Based on the above assumptions, the actual bedrock incision rate vI is given by the capacity incision rate Eb times the fraction of time for which the bed is (mostly) clear of slide colluvium, so making the bed available for incision;
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7. In order for incision and landsliding to keep up with each other and maintain a steady state,
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Reducing with these relations, it is quickly found that
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or equivalently
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The punchline  If EbTr/H << 1, the time for removal of the colluvium from the slide is so short that vI = Eb, i.e. incision is at its capacity or intrinsic rate.  Under these conditions incision is the “master” and landsliding is the “slave”.  If the condition is not satisfied, the actual incision rate will be lower than the capacity rate, because of the “down time” needed to clear out the colluvium.  Under these circumstances there is no clear “master” and “slave”; incision drives landsliding, but landsliding in turn moderates incision.  If the intrinsic or capacity incision rate Eb is too high, it causes a substantially lower actual incision rate vI.  Thus a very high intrinsic incision rate does NOT imply that incision is the master and landsliding is the slave, but in fact implies that the “slave” greatly moderates the behavior of the “master”, to the point that landsliding becomes the “master” and drops the actual incision rate nearly to 0.
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Caveats  The removal rate of colluvium needs to be determined by an application of the Exner equation of sediment conservation, so as to include upstream and downstream effects.  The model does not address weathering of the bedrock while covered by colluvium.  The model does not address the important problem of cessation of incision due to a scarcity of tools.  This issue could probably be addressed in terms of probability distributions of size and frequency of landslides, such that the “little” events put down tools without covering the bed completely for very long, and the large events cover the bed completely for extensive time periods.

Ultimate hope  That ideas such as these would be incorporated into landscape evolution models.
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