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This paper presents a combined onshore-offshore morpho-structural characterization of the El Golfo giant land-
slide, island of El Hierro (Canary Archipelago, Spain). Offshore data from multibeam echosounders, chirp sub-
bottomprofiles andmultichannel seismic reflection data and onshore data coming fromwaterwells and galleries
have been analyzed. The geomorphology and the internal architecture of this giant flank collapse are defined in
order to determine its multi-event nature. The subaerial headscarp shows a non-continuous arcuate profile
formed by two nested semi-circular amphitheaters that extend offshore along a smooth chute, suggesting the oc-
currence of at least two large retrogressive events. Channels/gullies and escarpments developed along the sub-
marine sector of the scar also indicate smaller-scale events and predominance of sediment bypass. In the
lower slope, two subunits of submarinemass transport deposits (MTDs), debris avalanche, are identified onmul-
tichannel seismic reflection profiles with a total estimated volume of 318 km3: ~84 km3 and ~234 km3, for the
younger and olderMTDs respectively. Data fromwells and galleries showabrasion platformswith beach deposits
at sea-level (0 masl) formed after the landslide scar and buried by the post-collapse El Golfo lavas infill, suggest-
ing an age at least older than 23.5–82.5 Ka for the landslide.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Flank collapse of ocean islands are among the largest gravity driven
processes on Earth, mobilizing hundreds to thousands of km3 of rock
and sediments. These processes are inherent to the evolution of large
oceanic volcanic islands characterized by periods of rapid volcanic con-
struction. They have been identified in intra-plate archipelagos such as
the Hawaiian Islands (Moore et al., 1989, 1994), Reunion Island
(Labazuy, 1996; Oehler et al., 2008) and Cape Verde (Day et al., 1999;
Le Bas et al., 2007). In the Canary Islands, twenty mega-landslides
have been reported so far (Fig. 1a), at less ten occurred during the Pleis-
tocene, most of them concentrated in the western and most active
islands of Tenerife, La Palma and El Hierro (Urgeles et al., 1997, 1999;
Masson, 1996; Masson et al., 1998, 2002; Gee et al., 2001; Krastel
et al., 2001; Acosta et al., 2003a, 2003b; Dávila Harris et al., 2011).
Such flank collapses have been suggested to result from multiple pro-
cesses such as oversteeping of the slopes due to volcano growth

(Murray and Voight, 1996; Carracedo et al., 1999), seismicity (Voight
and Elsworth, 1997; Tibaldi, 2001), dyke injection (McGuire et al.,
1990; Famin and Michon, 2010; Battaglia et al., 2011; Delcamp et al.,
2012) or volcanic spreading (Van Wyk de Vries and Francis, 1997;
Borgia et al., 2000; Münn et al., 2006) among others. However, studies
carried out in Hawaii and Reunion island (Schiffman et al., 2006;
Thompson et al., 2008; Oehler et al., 2005) andmore recently in Canary
islands (Seisdedos et al., 2012; Ferrer et al., 2010, 2014), show the im-
portance that the presence in volcanic oceanic islands of a submarine
thick layer of hyaloclastites plays in their flank stability conditions; the
low strength and high deformability of the hyaloclastite deposits are
the main key factors conditioning the failure mechanisms of volcanic
flanks, once the volcanic building reaches a critical slope and height.
Under these circumstances, the failure initiates in the submarine flank
and progresses towards the aerial part of the island, possibly with a
multiple or successive failure mechanism.

The volumes involved in the mass transport deposits (MTDs)
resulting from these landslides affecting a large part of the subaerial vol-
canic edifices, and the inferred violent entry to the sea of the debris av-
alanches imply trans-oceanic tsunamigenic potential. Tsunami deposits
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from prehistoric mega-landslides have been described in Hawaii
(Moore and Moore, 1984, 1988; McMurtry et al., 2004), Canary Islands
(Ferrer et al., 2013; Pérez-Torrado et al., 2006; Madeira et al., 2011)
and Cabo Verde Islands (Paris et al., 2011). In this regard, the style and
phasing of volcanic island flank collapse, whether the failure is single-
or multistage (or even multi-event), retrogressive or progressive, sub-
marine or sub-aerial and disintegrative or not (Harbitz et al., 2006;
Ward and Day, 2001;Watt et al., 2012a, 2012b) has critical implications
for tsunamigenesis. Particularly, the single- vs. multi-staged and the ret-
rogressive character of island flank collapses (García, 1996; Masson
et al., 2002; Hunt et al., 2013) control the volume involved in a landslide
and/or the duration and timing over which such volume is mobilized,

which is a first order control on the initial tsunami wave amplitude
(Murty, 2003; Harbitz et al., 2006). The aim of this study is to bring
new light on the failure dynamics andmode of emplacement of a recent
major landslide on the volcanic island of El Hierro (Canary archipelago):
El Golfo. To achieve such understanding, we analyze both the onshore
and offshore geomorphological features of the El Golfo landslide, accu-
rately determine its geometry, internal architecture and volume of the
debris avalanche deposits.

Fig. 1. (a) Geological schema of the Canary Islands area (Modified fromWynn et al., 2000, 2002; Masson et al., 2002). Ages of volcanic edifices are taken from Geldmacher et al. (2005).
(b) El Hierro Island geological map: Main constructive units (modified from Bellido-Mulas et al., 2012), offshore debris avalanche boundaries (modified fromMasson et al., 2002); Tiñor
landslide event (modified from Carracedo et al., 2001).
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