MODELING THE GEOMETRY OF BEDROCK RIVER CHANNELS
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We must understand the evolution of bedrock channel cross sections
(or widths and shapes) in order to model properly the dependence of  Channel cross-sectional shape evolves to a smoothly concave-up form from any arbitrary geometry (Figure 2). Width-to-depth 1000 A D —
bedrock channel evolution on climate, tectonics, and sediment supply. ratio is nearly constant for any prescribed value of grain size (Figure 3). 800 |- g = |
We outline a modeling strategy to explore the origin of bedrock chan- B k7 e
nel cross-sectional shapes, and to explain the dependence of channel 16 . § 7 5107 Tt T
width on flow discharge and local slope. Given a water discharge, bed | | B Dg=000m | W 5 400 f* o i —z| Model channels subjected to a change in rock uplift
material, and local slope, we calculate the mean velocity of the flow : ! -0 po sl TR P SN SR N Discharge (m3/sec) rate (or baselevel fall) respond by simultaneously
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perimeter of the channel using the law of the wall. Assuming a shear- - g | . ey et S A e bbbl el b L L PP migrating wave of incision (Figures 8A and 8C).
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smaller cross section, and the flow narrows. The model also predicts a Figure 2: Attainment of steady-state geometry Figure 3: Nearly constant width-to-depth ratio Distance Upstream (m)
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channel cross-sections linked in series and subject to varying baselevel

lowering rates, B, produce concave-up longitudinal profiles with - Width vs. slope and width vs. discharge scaling relationships (Figures 4-5) are similar to those observed empirically, and are also

power-law slope (S~B'3") and width (W~B0-2%) dependence on rates similar to those predicted from analytical solutions that assume a constant width-to-depth ratio (e.g., Finnegan et al., 2005). ”
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- Following Prandstl, calculate the shear stress from the near-bed velocity gradient at each point along the bed (Eqn. 6); bal- _ SR o Sl g -tanceiiiciaue e eqiefiny
ance forces by ensuring that the integrated shear on the bed is matched by the downstream component of the weight of i o L. \
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