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We define a conceptual model of punctuated incision for strath terrace formation, with 
implications for deriving river incision and rock uplift rates. To illustrate this model, we 
present a detailed ~200 kyr history of strath terrace formation spanning two stratigraphic 
levels in the High Atlas Mountains (NW Africa). Extensive preservation and exposure of 
strath-top gravels, and the post-orogenic setting unaffected by eustatic sea level, allow us to 
derive a rate of base-level fall, integrated over periods of strath-top deposition, metastable 
equilibrium, and incision, which is consistent with an independently constrained regional rock 
uplift rate [1]. In addition, we find limited correlation of strath-top deposition with climatic 
shifts, and variable lengths of time between terrace incision across stratigraphic levels and 
downstream locations. Combining our conceptual model with our well-constrained terrace 
formation history allows us to demonstrate how often-used assumptions about Quaternary 
river incision and deposition can lead to the problematic Sadler Effect [2, 3]: an apparent 
dependence of incision rates on measured time interval. Subsequently, reinterpreting 
previously published data [4, 5] we demonstrate that the punctuated incision model, even 
when combined with limited terrace age data, leads to more consistent and parsimonious 
conclusions about rates of river incision, rock uplift and base-level lowering.    
 

REFERENCES 
1. Babault, J., Teixell, A., Arboleya, M.L., Charroud, M., 2008. A Late Cenozoic age for long-wavelength 

surface uplift of the Atlas Mountains of Morocco. Terra Nova 20, 102-107. doi:https://doi.org/10.1111/j.1365-
3121.2008.00794.x  

2. Sadler, P.M., 1981. Sediment Accumulation Rates and the Completeness of Stratigraphic Sections. The 
Journal of Geology 89, 569-584. doi:https://doi.org/10.1086/628623 

3. Finnegan, N.J., Schumer, R., Finnegan, S., 2014. A signature of transience in bedrock river incision rates 
over timescales of 104–107 years. Nature 505, 391-394. doi:https://doi.org/10.1038/nature12913 

4. Arboleya, M.L., Babault, J., Owen, L.A., Teixell, A., Finkel, R.C., 2008. Timing and nature of Quaternary 
fluvial incision in the Ouarzazate foreland basin, Morocco. Journal of the Geological Society 165, 1059-1073. 
doi:https://doi.org/10.1144/0016-76492007-151 

5. Stokes, M., Mather, A.E., Belfoul, M., Faik, F., Bouzid, S., Geach, M.R., Cunha, P.P., Boulton, S.J., Thiel, 
C., 2017. Controls on dryland mountain landscape development along the NW Saharan desert margin: Insights 
from Quaternary river terrace sequences (Dadès River, south-central High Atlas, Morocco). Quaternary Science 
Reviews 166, 363-379. doi:https://doi.org/10.1016/j.quascirev.2017.04.017 
 


