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Detailed chronology of a giant Pleistocene rock-avalanche sequence in the
hyperarid southern Peru revealed by jointly applied 10Be and 3He cosmic
ray exposure dating : The Study case of the Cerro Caquilluco landslide
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Giant landslides are recognized to be remarkably abundant on the Western Andean front of southern Peru and
northern Chile, especially in the Arica Bend region (e.g. Crosta et al., 2014a). This area is characterized by strong
topographic gradients and subsequent incision of deep canyons, due to the evolution of the Andean range that
provide suitable conditions for the development of such instabilities. The climate is hyper-arid (Atacama Desert),
although rare but highly impulsive wet events have been evidenced since the Pleistocene. In parallel, this region
is submitted to strong (Mw 8-9) and recurrent (∼100 yrs) subduction earthquakes. Previous studies suggest
that large landslides represent the main agent of erosion of the Western Cordillera, providing soft material for
subsequent fluvial remobilization. However the lack of time constrains on the numerous fossil landslides identified
away from major canyons still hamper to assess a real mass balance of sliding material versus the known fluvial
erosion and tectonic uplift rates. Finally the role of landslides in the long-term erosion rates of the Andean range
on its arid flank remains quantitatively unknown. Recently, two studies gave divergent opinions about the main
factor supposed to control the slope failures in that region. Based on cosmogenic nuclides derived erosion rates,
McPhillips et al. (2014) argue that the last Holocene climate variation did not have had any effect on the rate of
landsliding, suggesting that here landslides are mainly triggered by earthquake. On the other hand, Margirier et al.
(2014) have showed a temporal correlation between a failure episode of the giant Chuquibamba landslide and the
Ouki wet climatic event identified on the Altiplano ∼100 ka ago.
In this study we focus on dating the Cerro Caquilluco rock avalanche complex described by Crosta et al. (2014).
With a total volume of about 15 km3, a length of 43 km and an internal structure characterized by various depo-
sitional lobes suggesting sequential failures, this object appeared as a good target to bring additional knowledge
on the previously exposed issues. Our goal was to use TCN and to sample a maximum of individual lobes to be
able to discuss: (i) the time of recurrence of successive extreme events, (ii) the respective roles of past climate
variations versus earthquake forcing on the landslide trigger, and (iii) the impact of these mass remobilizations on
local erosion rates compared to fluvial erosion rates and tectonic uplift rates (both known in this region).
On average, three samples were extracted from individual meter-scale boulders sampled on seven different lobes
of debris (∼20 samples). Due to the lack of quartz in that volcanic lithology, 10Be was extracted from feldspaths
for all samples. Half were additionally processed for 3He measurements on pyroxene, allowing to reduce the
uncertainty on the derived exposure ages and to solve the production equation for both time and erosion variables.
The obtained ages show a perfect consistency with the pattern of erosion, geomorphic surfaces and relative
position of each lobes (i.e. younger from the toe to the top). These results highlight sequential failures staggered at
the Pleistocene timescale, with some surprising time of recurrence ranging from 30 to 100 ka that may correspond
to the main last climate variations in that region.
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