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Glassy dynamics of landscape evolution
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Creep in soil-mantled hillslopes takes place due to slow rearrangements of grains that can be Granular Hi llslope Model Modeling Landscape Evolution with a Glassy Flux Model

reasonably approximated as a viscous flow. At critical slopes or under certain perturbations like rain

events, however, soil may fail catastrophically to create landslides. These processes control the 0 -245 97 - Seaiment fiux law A landscape in Oregon Coast Range

erosion and form of hillslopes and the delivery of sediment to rivers. Despite widely varying Here, We first copduct 3D ps— = psV - Qs + prCo 60 km west of Eugene, OR
numerical experiments of ot SR

materials and environments, hillslope soil motion falls into two distinct categories: slowly creeping
“earthflows” associated with surface velocities that cover 10 orders of magnitude up to ~10-1 m/s and
rapid landslides (including debris flows, mudflows, etc.) that are faster than 1 m/s (Fig. below).
Much progress has been made in mechanistic models for the latter; in particular, continuum models
based on mass and momentum conservation for the granular and fluid phases are able to reproduce
important aspects of soil failure and mass-movement runout. Models for hillslope soil creep,
however, lack a mechanistic underpinning. For over 50 y, a heuristic “diffusive-like law”—in which . . Y e oo IS s I\ y ~
sediment flux qs [L2/T] is proportional to topographic gradient S =0z/0x—has been used to model with a plastic depinning 16-9 167 1e5 0001 O. 1e-6 1e-5 0.0001 0.001 0.01 0.1 Qs/Qsc = € % H(Sc— S)+[A(S — So)P +1H(S — S,) for this site

granular heap flows to first
document sub-threshold
creep and then demonstrate
that the creep to landslide
transition 1s continuous and
1S quantitatively consistent

ps - soil mass density

pr - rock density
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landscape erosion. For soil to creep at subcritical gradients, it 1s supposed that dilation occurs as a transition (m/s) U (m/s) H : Heaviside function A :is the only one free parameter p=25 hillslope (1)
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external noise. We suggest that creep, and 1ts associated
slow subcritical flow, takes place in our numerical system
and in natural hillslopes due to (i) internal disorder of
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Hillslope soil creep has not been connected to the creep phenomenon observed in diverse amorphous
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