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Documented for the first time are an extensive suite of late Neogene giant terrestrial coastal landslides
along the classic convergent margin of western South America (18◦ to 24◦ south). These are remarkable
in terms of their unusual abundance and atypical setting, such failures previously being linked with
oceanic volcanic edifices or over-steepened glaciated coastlines. Located within the hyper-arid Coastal
Cordillera of the Atacama Desert of Northern Chile we report the presence of more than 60 individual
large-scale landslides with individual volumes up to 9 km3 developed over a horizontal coastline distance
of some 650 km. These landslides were emplaced as a combination of rock avalanches and multiple
rotational failures. The majority terminated directly into the Pacific – likely generating significant tsunami
hazard to the Chilean and south Peruvian coastline in a region which is today considered to be part
of a notorious seismic gap. The proliferation and scale of these Late Neogene giant landslides in this
actively uplifting, hyperarid terrain suggests they are the main geomorphic agent for relief reduction,
probably triggered by megathrust earthquakes and potentially providing a unique palaeoseismic archive.
The temporal and spatial distribution of these giant landslides corresponds with a period of surface
steepening of the forearc wedge in the Central Andes and south to north differential uplift associated
with factors such as aseismic ridge subduction. The resulting surface gradient increases, combined with
the persistent climatic aridity of the region, have served to limit effective relief-reducing geomorphic
processes in this oversteepened terrain to large-scale landsliding. The phenomena documented here
geospatially link previously recognised large-scale slope failures from the off-shore environment and
higher altitude areas of the Andean forearc, suggesting that large-scale landsliding is capable of
transferring sediment on a regional scale to the off-shore Peru–Chile trench. This has implications for
the friction of the subducting Nazca plate and associated seismicity and uplift.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

The lateral collapse through large-scale landsliding of mid-
oceanic volcanic islands formed over mantle hot spots is well-
documented (Keating and Mcguire, 2000; Masson et al., 2002). It is
also believed that these failures have been responsible for mega-
tsunamis affecting coastlines in Australia and the eastern seaboard
of North America (Ward, 2001; Whelan and Kelletat, 2003). How-
ever, there appears to have been less investigative work on the
potential landslide and commensurate tsunami hazard associated
with subduction zone boundaries, despite the obvious similarity
of rapid uplift creating highly over-steepened slopes. Indeed the
increased seismic hazard in a subduction zone compared to mid-
oceanic volcanic islands would suggest that the occurrence and
magnitude of geohazards in these areas would be greater. In this
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study remote sensing and field investigations of the seaward scarp
of the Coastal Cordillera in Northern Chile has revealed previ-
ously unreported large terrestrial landslides and features indicative
of giant landslide backscars. The scale of landsliding represented
by these features is comparable in size to the failures reported
from Hawaii (Moore et al., 1994; Clague and Moore, 2002) and
the Canary Isles (Masson et al., 2002) suggesting a significant but
presently unrecognised natural hazard to development in this and
other regions of comparable geological setting. We document for
the first time the presence of giant terrestrial landslides (volumes
of > 108 m3 and areas of 100 to 103 km2; Korup et al., 2007)
along the coastal margin (Coastal Cordillera) of the Central An-
dean forearc of western South America (18◦ to 24◦ south, some
650 km). The Central Andes is often cited as the type example
of a convergent continental margin wherein the forearc is an im-
portant element that directly reflects the interaction between the
subducting and overriding plates. Thus within this context an un-
derstanding of the dominant terrain shaping geomorphic processes
can provide insights into the nature of the regional deformation
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Fig. 1. (a) Main terrain units and structures of the study area. A–A′ shows line of
section depicted in (b). Bold lines with triangles indicate thrusts; bold lines with
solid rectangles indicate normal faults; half arrows indicate lateral movement along
faults. Main type sections used in this study are located by (1) Caleta Buena; (2) El
Magnifico and (3) Rocas Tortuga. (b) Topographic transect A–A′ showing the onshore
to offshore topography of the study area and key terrain units.

affecting this important landscape element whilst a hyper-arid cli-
mate presents an environment which can conserve that evidence
over suitably long timescales. With this in mind, we aim to docu-
ment for the first time the regional scale of coastal giant landslides
in the western Atacama Desert and explore their wider tectonic
and climatic significance within this classic terrain setting.

2. Study area

The study area (Fig. 1) is located within the Central Andes
which is often cited as the type example of a convergent con-
tinental margin, yet it is unusual in maintaining shear stresses
across the subduction zone that are some three times higher
(∼37 MPa) than other convergent continental margins (Lamb,
2006). The stress build up is considered to be related to increased
friction at the plate interface because of a lack of lubricating trench
fill sediment (Von Huene and Ranero, 2003; Lamb and Davis,
2003). The relative lack of sediment offshore is related to the cli-
matic aridity that has prevailed along this continental margin for
much of the Neogene (e.g. Dunai et al., 2005). The response to
the shear stress build up and lack of lubricating sediments has
been to steepen the surface of the forearc wedge towards the
trench through underplating beneath the Coastal Cordillera (Clift
and Hartley, 2007). This has helped develop a relief of some 2 km
Fig. 2. Topography and landslide location in the Northern Chile study area.
Bathymetry and elevation of the study area (source GEBCO 30’ Arc 2008 data). Con-
tours are at 1 km intervals. Black circles indicate locations of giant coastal landsides
(this study). Inland black areas represent the Lluta Collapse (LC) of Strasser and
Schlunegger, 2005; Latagualla landslide (LL) of Pinto et al., 2008 and large-scale
landslide prone drainages (LPD) identified by the authors but not discussed here.
The preserved failure types are Multiple Rotational (MR); Rock Avalanche (RA) and
Depletion Zone (DZ) as discussed in the text. These data are recorded in the sup-
plementary information for this paper.

above sea level and an additional 7 km below sea level (Fig. 1)
within a hyper-arid climate setting. Recent cosmogenic radionu-
clide (CRN) exposure dating using 21Ne on quartz pebbles from al-
luvium in the Coastal Cordillera has highlighted negligible erosion
rates over the last ∼9 Ma (Dunai et al., 2005) suggesting, along
with other data (e.g. nitrate and gypsum soils) that an arid/hyper-
arid climate has prevailed across much of Northern Chile during
this period (Hartley, 2003; Dunai et al., 2005; Evenstar et al., 2009)
punctuated with low frequency, high magnitude rainstorm events,
particularly in the south of the study area (e.g. Vargas et al., 2006;
Placzek et al., 2010). The region is located within a seismically
active terrain (Delouis et al., 1997; Spence et al., 1999) but his-
torically is part of a well known seismic gap (Chlieh et al., 2004;
Baker et al., 2013; Béjar-Pzarro et al., 2013; 450 km of coast-
line from 18◦–23◦ south) with recurrence intervals in the order
of 111 yr (Comte and Pardo, 1991). Recent research suggests that
some 2000–9000 individual large plate boundary earthquakes have
occurred in this region in the past 0.8 to 1 million yr (Baker et al.,
2013). Although recent large earthquakes have been recorded close
to the north and south of this gap (June 23rd 2001; southern Peru
Mw = 8.4; July 30th 1995; Antofagasta Mw = 8.1, Chlieh et al.,
2004) the last major event within the gap was in 1877. This gener-
ated a 25 m runup tsunami in Arica (Kulikov et al., 2005) and it is
generally accepted that the region is now overdue its next megath-
rust event (Béjar-Pzarro et al., 2013).

Within the study area the Coastal Cordillera is up to 2.2 km
high and 20 to 50 km wide (Fig. 1). It largely comprises basaltic
andesites and granodiorites cut by N-S to NE-SW trending, land-
ward-dipping, normal faults that bound a series of half-graben
(Paskoff, 1978). The western margin of the Coastal Cordillera is
represented by a coastal scarp – a prominent break in slope 600 to
1500 m high that runs for 700 km along the coastline of Northern
Chile. Where the scarp is separated from the active coastal ero-
sion by the narrow (<6 km wide) coastal plain it is considered
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Fig. 3. Examples of giant landslides from the Canary Islands. (a) El Golfo, formed by
a debris avalanche on the northwest flank of El Hierro is the best preserved and one
of the youngest examples (13–17 ka; Masson et al., 2002). The depletion zone is all
that can be seen above sea level. It is some 15 km across at its widest point with
a 1000 m high scarp. Image courtesy of Google Earth (Image December 30th 2012).
The depletion zone of Guimar, formed by a debris avalanche on the southeastern
flank of Tenerife is older (?780–840 ka; Masson et al., 2002) and subaerially more
poorly defined. The depletion zone is some 10 km across and the scarps are some
300–600 m in height. Image courtesy of Google Earth (Image March 18th 2012).

to represent a weathered palaeo-cliffline of mid-Miocene origin
(Mortimer and Saric, 1972). Horse-shoe shaped scars 1 to 10 kms
across are developed along the entire coastal scarp length (Fig. 2).
These are morphologically consistent with the back scar of deple-
tion zones reported from giant landslides in volcanic island ter-
rains (Masson et al., 2002; Fig. 3); some of these depletion zones
have associated subaerial accumulation zones but in most cases
the displaced material has been deployed off-shore. In the latter,
probably older, cases it is not possible to identify the individual
accumulation zones off-shore from available imagery but it is pos-
sible to examine the off-shore components of older events within
exposed Pliocene marine sedimentary sequences.

The absolute age of individual giant landslide scars is currently
unknown. The presence of large event deposits (tsunami and land-
slide) are preserved within exposed Pliocene sediments that con-
stitute the coastal plain (Hartley et al., 2001). Quaternary marine
terraces preserve remnants of sea-level maxima from Oxygen Iso-
tope Stages 5c, 5e, 7 and 9 (Ortlieb et al., 1996) that both pre- and
post-date landslide features. These data suggest the preserved gi-
ant landslides span an age range from 0.1 ka–1 Ma and possibly
up to the mid Miocene.

3. Coastal giant landslide characteristics

Using a combination of remote terrain analysis from an inter-
pretation of aerial photographs and satellite imagery (Google Earth
Professional) together with field geomorphological mapping, sedi-
mentological, geological and structural data collection, more than
60 landslides have been located along the coastline of the study
area (Fig. 2). This gives a mean occurrence of 1 landslide per 10 km
of coastline which range in volume from 0.08 km3 (El Magnifico,
reported here) to 9 km3 (Immediately north of Rocas Tortuga pre-
sented here). Although there is a lack of absolute dating evidence,
the landslides can be grouped into two broad age categories based
on their physical location in the landscape and relative degree
of preservation: these are the more complete (accumulation and
depletion zone preserved) and younger (mid-late Quaternary) fail-
ures and the less complete (depletion zone only preserved) and
older (Plio/Pleistocene) failures (Table 1). Of these the latter are
the most abundant, comprising some 90% of the preserved fea-
tures (Fig. 2). Here we present type examples representative of the
range of coastal landslides observed during this study (Table 1).

4. Mid-late quaternary landslides

The more complete (accumulation and depletion zone pre-
served) and younger landslides divide into two main types:

4.1. Multiple rotational

The type example of giant multiple rotational failures is lo-
cated on a stretch of coastline north of Iquique at Caleta Buena
where these features dominate the coastline (Figs. 1 and 4). At
this point the coastal scarp forms part of the active coastline. The
depletion zone is located in seaward dipping rocks comprising pre-
dominantly sedimentary strata overlying more massive Mesozoic
basement material. The backscars are commonly delimited by pre-
dominantly NNW/SSE orientated vertical discontinuities (see lin-
ear backscar adjacent to the marked ‘X’ in Fig. 4(b)). The toe of
the Caleta Buena landslide has been trimmed by marine erosion
(Fig. 4(b)) so that the calculated volume (Table 1) is likely to be
an underestimate of the actual volume displaced. The most recent
failure at Caleta Buena (marked 2 on Fig. 4(b)) cuts older landslide
features (marked 1 on Fig. 4(b)) suggesting sufficient time elapsed
between different landslide events for the slope to stabilize.

4.2. Rock avalanche

The type example of a rock avalanche is El Magnifico and is
taken from a stretch of coastline south of Iquique dominated by
such failures (Figs. 1, 5 and 6). It has run out over Pleistocene
marine terrace deposits which at this point cover the terrestrial
coastal plain. The depletion zone comprises a mixed sedimentary,
evaporitic and volcanic bedrock sequence. The accumulated land-
slide volume lies at the small end of giant landslides (Table 1)
and represents a rock avalanche which would have been rapidly
emplaced in 7 lobes (Fig. 5(b)). The morphology of the individual
lobes and evidence from the quarry sections in the accumulation
zone (Figs. 5(b) and 6(a)) are consistent with a ‘sturzstrom’ (Hsu,
1975). Within the depletion zone potential planes of failure are
evident along bedding within the mixed sedimentary/volcanic suc-
cession (typically with a strike of 145 to 183◦ and a dip of 8 to
20◦ to the west). Joints and faults (Fig. 7) provide additional cross-
cutting failure planes which describe the shape of the backscar
(Fig. 5(b)).

5. Plio/Pleistocene landslide record

The relatively older part of the landslide record manifests it-
self as preserved on-shore depletion zones which occur across the
entire study area but are best preserved northward of Tocopilla
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Table 1
Giant landslide characteristics for the type localities described in the text.

Locality name Caleta Buena El Magnifico Rocas Tortuga
(depletion zone)

Costa Verde
(accumulation zone)

Location 19◦54′27.59′′S 20◦27′41.14′′S 21◦55′29.98′′S 20◦27′9.35′′S
70◦ 7′7.02′′W 70◦ 6′46.51′′W 70◦ 8′18.91′′W 70◦9’36.67′′W

Failure style Multiple rotational Avalanche Rotational/avalanche ?avalanche
Backscar elevation (m) 943 873 1700 ?
Depth of surface rupture (m) 200 119 300 ?
Width of surface rupture (km) 3.3 0.93 3.4 ?
Length of surface rupture (km) 2.2 1.4 3.1 (assuming 30◦

runout for initial
failure)

?

Travel angle (◦) 21 11.5 ?5–10 ?
∗Volume (km3) 0.8 0.08 1.67 ?
†Volume with swelling/bulking

factor (km3)
NA 0.1 2.22 ?

Accumulation zone Subaerial (base of coastal scarp) Subaerial (on coastal plain) Off-shore (5–15 km)
but not observed

Off-shore (∼3 km) in
coastal zone

Location information is based on location of the middle of the backscar based on the World Geodetic System (WGS) 84. For a more in depth descriptions of landslide terms
used above see Griffiths (2005). *Volume calculated using half ellipsoid (WP/WLI, 1990). †Rock avalanche failure volume with swelling/bulking factor of 33% applied (after
Nicoletti and Sorriso-Valvo, 1991).
Fig. 4. Coastal Scarp dominated by Multiple rotational failures and type section
(Caleta Buena). Here the coastal scarp forms part of the active coastline. (a) Oblique
satellite image looking east over a 15 km length of coastline north of Iquique. White
arrow indicates position of type locality. Image courtesy of the Google Earth Archive
(Image May 19th 2006). (b) Oblique satellite image looking east over the type local-
ity of Caleta Buena courtesy of the Google Earth Archive (Image January 4th 2011).
‘2’ represents the main failure measured which is 3.3 km wide. Note this landslide
has removed parts of an earlier landslide marked ‘1’. X marks where the field shot
was taken in (c). Note cracking visible on imagery just to left of ‘x’. (c) Field view
taken looking south (right) from ‘X’ on (b). Field of view some 3 km across.

Fig. 5. Coastal scarp dominated by rock avalanches and type section El Magnifico.
Here the coastal scarp is represented by a palaeo-cliff line. (a) Oblique satellite
image courtesy of the Google Earth Archive (Image May 19th 2006) of 14 km of
coastline south of Iquique showing rock avalanche failures. Type section is located
above the white arrow. (b) Type locality El Magnifico. Satellite image courtesy of the
Google Earth Archive (Image May 19th 2006). Simplified geomorphological map of
the landslide system showing the 7 lobes (1 first to be emplaced, 7 last to be em-
placed) drawn from remote and field mapping. Circled area at landslide toe locates
the quarry section seen in Fig. 6(a).
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Fig. 6. Field images of the El Magnifico type locality (a) quarry section through the
toe of lobe 2 of the landslide. Note person for scale (circled) and irregular shear
surface (arrowed) which marks the contact between lobes 1 and 2 (Fig. 4(b)). Lo-
cation of quarry is indicated by circle in Fig. 4(b). (b) view up the landslide taken
from the toe looking east towards the backscar located within the coastal scarp. Lat-
eral boundaries and undulating ground forming the accumulation zone are clearly
visible.

Fig. 7. Rose plot of joint and fracture orientations within the in situ local bedrock
exposed at the locality of El Magnifico.

(Figs. 2, 8 and 9). The description of these as landslide deple-
tion zones is based on their overall morphology (Fig. 8) which is
comparable to those observed both in the better preserved part of
the landslide record presented in this paper (e.g. Fig. 5) and those
from other settings (e.g. Masson et al., 2002 and Fig. 3). The accu-
mulation zone would have been deployed off-shore (Table 1) but
marine erosion in this high energy coastal zone and lack of suit-
able near shore imagery does not allow the matching of individual
accumulation zones with depletion zones. The off-shore accumu-
Fig. 8. Type example of relatively older (?Pliocene) landslide depletion zone: Rocas
Tortuga. Accumulation zone will be located off-shore. (a) Satellite image oblique
view courtesy of the Google Earth Image Archives (February 28th 2006); (b) Ground
image looking south into the Rocas Tortuga depletion zone.

lation zones, however, can be examined within the sedimentology
of exhumed Pliocene shallow marine deposits (Fig. 9).

5.1. Depletion zone

The recognition of the more ancient failures is based on the oc-
currence of a series of horseshoe shaped scars along the coastal
escarpment (Fig. 2). Rocas Tortuga (Fig. 8) is a typical example of
such a feature. This depletion zone represents a complex but prin-
cipally an initial multiple rotational landslide form (Soeters and
Van Westen, 1996) which, as a first time failure, is likely to have
had a travel angle (i.e. runout) of 30◦ or less (Table 1). Rocas Tor-
tuga is developed in a dominantly volcanic bedrock succession and
is cut into the active coastal cliff. The base of the depletion zone
is cut by Quaternary marine surfaces which it therefore pre-dates.
Rocas Tortuga forms a giant landslide of intermediate size along
the coastal zone (Table 1). Given the scale of this landslide, fol-
lowing the initial failure secondary break-up movements are likely
to resemble those associated with rock avalanches, comparable
with the younger failures in the study area. Based on terrestrial
sturzstrom studies (e.g. Hsu, 1975) and consistent with similar fail-
ures in the study area such as El Magnifico (Table 1) these type of
failures can have travel angles in the order of 10◦ . In this case
this would lead to the debris fan ending some 5 kms offshore.
A 5◦ travel angle is more typical of the examples recorded from
volcanic islands such as the Canary Islands (Masson et al., 2002),
which start subaerially but enter water, and if this was the case
at Rocas Tortuga then the debris fan would continue some 15 kms
offshore.

5.2. Accumulation zone

Preserved within the Pliocene coastal plain sediments and
truncated by Pleistocene marine terraces are the deposits of the
off-shore component of large slope failures in beds up to 8 m
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Fig. 9. Type example of relatively older (?Pliocene) landslide accumulation zone:
Caleta Verde. Pliocene example of accumulation zone deposits preserved within a
shallow marine sequence. Section is 6.5 m high. Note predominantly brecciated
bedrock in upper section, and shear planes (arrowed) within the sequence. Basal
contact is irregular with some large rip up blocks. Top of section is truncated by a
marine terrace.

thick and in some cases extending laterally on kilometre-scales.
Fig. 9 presents an example of what would have been an off-shore
Pliocene landslide accumulation zone from the El Magnifico area.
The top of this section is cut by a Pleistocene marine surface so
the sequence is incomplete. The breccias are derived from local
bedrock currently exposed in the shore platform and cliff section
deposited within a shallow marine sedimentary sequence (Fig. 9).
Thrust surfaces can be observed within the breccias which are con-
sistent with those observed where lobe 2 contacts lobe 1 in the
quarry section of El Magnifico (Fig. 6(a)). The base of the breccia
in this example contains ripped up blocks of the local bedrock.

6. Discussion

The size of the giant landslides and their abundance along the
coastline is controlled by 4 main factors: (1) topographic niche for
their development provided by the coastal scarp, (2) precondition-
ing of the geology, (3) large subduction earthquakes to act as a
final trigger and (4) hyperaridity which minimises fluvial erosion
processes and preserves the landslide features over 103 to 106 yr
timescales.

The available evidence suggests that the predominant style of
landsliding was by a combination of rotational sliding and rock
avalanche (sturzstrom). The morphology of El Magnifico (Fig. 5(b))
suggests that these latter events involved several pulses of lobe
emplacement either in one or successive events possibly separated
by a significant time gap. The preconditioning of the geology pro-
vides many deep seated potential failure surfaces in the form of
sedimentary bedding, tectonic fault and joint planes (Fig. 7) and
co-seismic cracking (Loveless et al., 2009).

Steepening of regional gradients by uplift is significant in push-
ing steeper elements of the landscape closer to catastrophic col-
lapse but there also needs to be a suitable topographic niche to
allow the movement. At the coast this is provided by the coastal
scarp (reported here). Inland it is usually the incised valleys (e.g.
Pinto et al., 2008). The large scale of the Coastal Cordillera slope
failures, in a region dominated by a coastal scarp within a hyper
arid climate and with no active volcanic edifices suggests that the
final trigger for slope failure is large earthquake events (Wieczorek,
1996., Korup et al., 2007). Where the coastal scarp forms part of
the active coastline (e.g. Caleta Buena, Figs. 1 and 2) marine under-
cutting cannot be ruled out as a possible trigger. On the Hawaiian
Islands McMurtry et al. (2004) suggest that many of the giant land-
slides were triggered by eustatic rises in sea-level at the onset
of interglacials during the Pleistocene. However events such as El
Magnifico (Figs. 4 and 5) deposited subaerially above a marine sur-
face and with no evidence for marine reworking clearly indicate it
is not necessary to invoke marine interaction to explain the land-
slides on the coastal scarp.
Although there are no documented examples of giant land-
slides associated with historic large earthquakes in this region
of Chile, this is not uncommon for events occurring prior to the
mid 20th century across the globe (Keefer, 2002) due to a lack of
records. However it is worthy of note that offshore surveys fol-
lowing the 27th February 2010 Maule earthquake (offshore central
Chile, Mw 8.8) observed no large (>1 km3) landslides. Völker et
al. (2011) used these observations to suggest that frequent shak-
ing may limit landslide volume by triggering more frequent but
smaller landslide events. This may well limit the number of sub-
marine off-shore giant landslides observed in Northern Chile. It
should also be noted, however, that in coastal Northern Chile the
bias in the earthquake record is towards low frequency, high mag-
nitude megathrust earthquakes attributed to the high stress build
up in the subduction zone thought to result from an absence of
lubricating sediment in the trench (Lamb and Davis, 2003). Thus
when the nature of this earthquake cycle is considered together
with the lack of additional landslide trigger mechanisms (mainly
moisture driven) as a result of the hyper-aridity, then the abun-
dance of giant landslides in the on-shore geomorphic record may
be explained. These factors combine to lessen the landslide fre-
quency and allow the relief to grow to the point that higher mag-
nitude, but less frequent events dominate the landslide record. The
apparent abundance of landslides is further enhanced by their ex-
cellent preservation potential under such a climate.

The recognition of widespread coastal giant landslides in North-
ern Chile implies a significant, previously unreported hazard from
this coastline in the form of both rapid catastrophic collapse and
associated tsunami hazard affecting the major population centres
of Southern Peru and Northern Chile. The multiphase emplacement
of some of the events has significant ramifications for the propaga-
tion of any associated tsunami wave (as this type of failure tends
to generate a larger number of lower amplitude waves than one
single emplacement; Giachetti et al., 2011). Such events should not
be underestimated and are capable of generating mega-tsunami
(e.g. the earthquake triggered landslide events and associated
tsunami recorded in Alaska in 1958 and 1964; Fritz et al., 2009;
Suleimani et al., 2011).

Individual giant landslides associated with fold and fault struc-
tures and volcanic edifices have been documented previously from
the western flank of the Andean Cordillera in Northern Chile.
These include the western Precordillera (the Lluta Collapse 26 km3,
Strasser and Schlunegger, 2005; the Latagualla landslide 5.4 km3

Pinto et al., 2008) and volcanic edifice collapse (the Socompa fail-
ure debris avalanche deposit of 26 km3 and associated failures;
e.g.. Wadge et al., 1995). Giant landslides have also been docu-
mented from the offshore region (Li and Clark, 1991, who identi-
fied a 91 km by 26 km block in the SeaMARC II survey off-shore
Iquique, Fig. 1) whilst large-scale mass wasting of the slope has
been observed in seismic, core and side-scan surveys for the off
shore region in the study area (Li, 1995; Von Huene and Ranero,
2003; Vargas et al., 2005; Ranero et al., 2006 and Vargas et al.,
2011). Although individual giant landslides have been previously
documented and linked to regional tilting in the Precordillera re-
gion (e.g. Wörner et al., 2002) this is the first time that regionally
extensive, giant terrestrial coastal landsliding has been identified
in Northern Chile. These new data provide a previously uniden-
tified and important geospatial continuum between the onshore
and offshore landslide record, extending this record directly to the
onshore area (Fig. 9). This implies that much of the slope from
the top of the Coastal Cordillera to the trench – a vertical dis-
tance of 9 km – is close to failure. The coastal landslides tend
to be more abundant (Fig. 2) but typically smaller than the giant
landslides previously reported from the Precordillera. Although the
Precordilleran landslides are infrequent, their presence does raise
the possibility that in parts of Northern Chile (e.g. the Iquique area,
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Fig. 10. Schematic model of the impact of underplating on the regional tectonic activity and geomorphology since the mid-Miocene. Adapted from Clift and Hartley (2007)
and observations from multibeam bathymetric and off shore seismic data from Von Huene and Ranero, 2003. Areas of uplift and subsidence driven by underplating increasing
the regional gradient are indicated by large vertical arrows. Thinner arrows indicate direction of mass movement events (giant landslides) transferring debris down regional
gradient from the onshore to offshore area.
Fig. 2) the entire forearc wedge is close to critical and undergoing
gravitational collapse over a vertical distance of 12 km during the
Pliocene to Quaternary Periods.

The high stresses present across the Central Andean subduc-
tion zone are thought to be related to the absence of lubricating
sediment in the trench (Lamb and Davis, 2003). This lack of sedi-
ment input is reflected in published off-shore sedimentation rates.
In Northern Chile modern sedimentation rates were found to be
low (0.04–0.17 cm yr−1) compared to wetter areas of Southern
Chile due to a decrease in on-shore precipitation and river runoff.
Locally higher values recorded in off-shore Northern Chile were
typically located in deeper water and areas of steeper continental
shelf and are thought to reflect slumping processes (Muñoz et al.,
2004). Thus through aridity and its impact on sedimentation rates
and processes, climate controls the stress build up which is mani-
fested in uplift of the Andean Cordillera. The climate also controls
the geomorphic response of the forearc to uplift. In this hyper-arid
regime the only effective geomorphic erosion mechanism for re-
ducing relief is landsliding. Thus we would suggest that not only
does climate allow the build up of the significant forearc topogra-
phy in the Central Andes but it also controls the process by which
the topography is reduced.

Steepening of the Central Andean forearc wedge in the late
Neogene has been documented by Clift and Hartley (2007). They
recognised that the position of the present day shoreline in North-
ern Chile has not moved significantly from the late Neogene, as
beach and shoreface sediments of late Miocene, Pliocene and Pleis-
tocene age are exposed in present day beach terraces. The forearc
wedge taper must therefore have increased during this time pe-
riod to accommodate the tectonic erosion rate of ∼1–2 km/m.y.
which has prevailed in this area over at least the last 20 m.y.
(Von Huene and Ranero, 2003). We suggest that the terrestrial and
submarine landslides could in part represent the geomorphic man-
ifestation of late Neogene increased forearc taper in response to
underplating (Fig. 10). It also is worthy of note that the younger
and better preserved part of the landslide record can be found to
the north of the study area around Iquique (Fig. 2) and the better
preserved older record becomes more prolific north of Tocopilla to
south of Iquique (Fig. 2). Whilst it is possible that some of the DZ
sites in the inventory could be reinterpreted with more detailed
analyses, even allowing for this the spatial distribution of lands-
liding is biased towards the coastline north of Tocopilla (Fig. 2).
This area also corresponds spatially with the area identified by
Mather and Hartley (2006) to have amplified Stream Gradient In-
dex values which indicate elevated uplift rates (postulated to be
in more than 1000 mm y−1) for this stretch of coastline. It also
corresponds with a general increase in aridity along the coastline
(e.g. Placzek et al., 2010) which would serve to both maximise sur-
face uplift (the balance between crustal uplift and erosion) and
minimise their obscurity by other surface processes such as debris
flows. The differential uplift along the coastline has been attributed
to aseismic ridge subduction which may well account for spatial
difference in uplift along the coastline (Hartley and Jolley, 1995;
Mather and Hartley, 2006).

The hyper-arid climate that prevails along the western flank of
the Central Andes has had a profound influence on orogenic uplift
and erosion either directly, by influencing the nature of sediment
transport and erosion, or indirectly by restricting sediment sup-
ply to the trench and lubrication of the subduction channel (e.g.
Lamb and Davis, 2003). The possibility arises that changes in cli-
mate through time will have strongly influenced uplift and erosion
rates in the Central Andes. If this is the case for the type example
of a convergent continental margin, then it is likely that ancient
examples will have been similarly influenced.

7. Conclusions

Giant landslides along coastal Northern Chile are both well pre-
served and prolific. Their presence is the geomorphic response
to increased aridity and uplift which can be attributed on the
largest scale to tectonic steepening along the Andean margin and
at smaller (100 km) scales may reflect variations in uplift rates as-
sociated with aseismic ridge subduction along the plate margin.
These factors during the Late Neogene have led to regional slope
oversteepening. The trigger mechanism of such large events in a
hyperarid, avolcanic setting is most likely large megathrust earth-
quakes, suggesting that the palaeolandslide record could contain
yet unexplored valuable data on the recurrence of such events over
Late Neogene timescales. Their presence implies a significant, pre-
viously unreported hazard from this coastline in the form of both
rapid catastrophic collapse and associated tsunami hazard.

The coastal landslides in Northern Chile provide a continuum
with submarine landslides present from close to the shoreline to
over 7000 m water depth near the trench, indicating almost con-
tinuous slope failure over a vertical distance of 9 km. Slope fail-
ure may be in part attributed to increased forearc taper during
the late Neogene as a result of underplating of material removed
by tectonic erosion, and in part to differential uplift associated
with more localised subduction characteristics. Forearc uplift and
failure is strongly influenced by the hyper-arid climate of west-
ern South America through restricting: (1) sediment supply to the
trench and thus promoting increased friction at the subduction
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zone, (2) geomorphic erosion rates generating slope oversteepen-
ing, and (3) effective sediment transport processes to landsliding.
The strong influence of climate on the development of the Cen-
tral Andean convergent margin suggests that climate was also an
important controlling factor in the development of convergent con-
tinental margins throughout Earth’s history.
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