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Laboratory experiments simulating the geomorphic response to tectonic uplift Dimitri Lague,1 Alain Crave, and Philippe Davy Ge´osciences Rennes, UMR 6118 CNRS, Rennes, France Received 25 January 2002; revised 18 July 2002; accepted 6 September 2002; published 7 January 2003.



[1] We present the results of an experimental study of topography dynamics under



conditions of constant precipitation and uplift rate. The experiment is designed to develop a complete drainage network by the growth and propagation of erosion instabilities in response to tectonic perturbations. The quantitative analysis of topographic evolution is made possible by using telemetric lasers that perform elevation measurements at an excellent level of precision. We focus our study on the effect of initial surface organization and of uplift rate on both the transient dynamics and the steady state forms of topography. We show that the transient phase is strongly dependent on the initial internally drained area, which is found to decrease exponentially with time. The topography always reaches a steady state whose mean elevation depends linearly on uplift rate with a strictly positive value when uplift is zero. Steady state surfaces are characterized by a well-defined slope–area power law with a constant exponent of 0.12 and an amplitude that depends linearly on uplift rate with a strictly positive value when uplift is zero. These results are consistent with a stream power law erosion model that includes a nonnegligible threshold for particle detachment. Uncertainty regarding the sediment transport length is resolved by calibrating the transient dynamics with a surface process model. Reappraising published results on the linear dependency between mean elevation, or relief, and denudation rate, we suggest that an erosion threshold is worth INDEX TERMS: 1815 Hydrology: Erosion and sedimentation; considering for large-scale systems. 1824 Hydrology: Geomorphology (1625); 8110 Tectonophysics: Continental tectonics—general (0905); 8194 Tectonophysics: Evolution of the Earth: Instruments and techniques; KEYWORDS: landscape evolution, topography, relief, experimental modeling, tectonic geomorphology, numerical modeling Citation: Lague, D., A. Crave, and P. Davy, Laboratory experiments simulating the geomorphic response to tectonic uplift, J. Geophys. Res., 108(B1), 2008, doi:10.1029/2002JB001785, 2003.



1. Introduction [2] Our understanding of the long term dynamics of the Earth’s topography is based mainly on the results of theoretical analysis and numerical models [Braun and Sambridge, 1997; Davy and Crave, 2000; Howard et al., 1994; Kirkby, 1971; Kooi and Beaumont, 1996; Willgoose et al., 1991b], for which few constraints exist to validate the macroscopic evolution, and the characteristics of simulated topographies. For instance, most studies refer to the streampower model to simulate erosion fluxes, arguing that topographic measures such as slope and drainage area are consistent with this model. But this consistency is theoretically valid in conditions that are difficult to demonstrate in natural systems (dynamic equilibrium, known field of precipitation, of uplift and of erodibility, . . .). Moreover the relationship between a given erosion law and the local measures of topography is equivocal in conditions of 1 Now at Department of Earth Sciences, University of Cambridge, Cambridge, UK.
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dynamical equilibrium: it depends on the way the sediment is transported in rivers whose two classical end-member processes are detachment-limited and transport-limited. Only a thorough analysis of the transient stages can discriminate between these sediment transport processes [Tucker and Whipple, 2002; Whipple and Tucker, 2002]. Another important issue concerns the often overlooked importance of a non negligible threshold of transport and/ or bed erosion [Howard, 1980, 1994; Snyder, 2001; Talling, 2000] that have important implications for landscape dynamics [Densmore et al., 1998; Molnar, 2001; Rinaldo et al., 1995; Tucker and Bras, 2000; Tucker and Slingerland, 1997], and for the scaling of relief with uplift rate [Snyder et al., 2002]. [3] Assessing erosion processes from natural geomorphic systems is really a difficult challenge considering the uncertainties about boundary conditions, and flux measurements. The experimental approach is an interesting substitute for studying such complex processes, in which boundary conditions can be perfectly controlled and topography variations continuously surveyed. In comparison to other domains of Earth sciences [Davy and Cobbold, 1991], the experimental approach remains relatively
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LAGUE ET AL.: GEOMORPHIC RESPONSE TO TECTONIC UPLIFT



Table 1. Main Characteristics of Previous Experimental Studies on the Dynamic of Drainage Basins and Topography Model Characteristics



Reference Flint, 1973 Schumm et al., 1987 Phillips and Schumm, 1987 Wittmann et al., 1991 Czirok et al., 1993 Hancock and Willgoose, 2001b Crave et al., 2000 Hasbargen and Paola, 2000 This study



Scientific Question



Model Size, cm



Droplet Size, mm



Drainage network 29  45  16 
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