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MARÍA PÍA RODRÍGUEZ1,2*, GERMÁN AGUILAR2, CONSTANZA URRESTY1 &

REYNALDO CHARRIER1,3

1Departamento de Geologı́a, Facultad de Ciencias Fı́sicas y Matemáticas,
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Abstract: We combine geomorphological analysis of palaeosurfaces and U–Pb zircon geochro-
nology of overlying tuffs to reconstruct the Neogene landscape evolution in north-central Chile
(28–328S). Prior to the Early Miocene, a pediplain dominated the landscape of the present-day
Coastal Cordillera. The pediplain was offset during the Early (Middle?) Miocene, leading to
uplift of the present-day eastern Coastal Cordillera and to the formation of a secondary topogra-
phic front. During the Late Miocene, the entire Coastal Cordillera was uplifted, with resulting
deposition taking place within river valleys similar to those of the present day. A new pediplain
developed on top of these deposits between the Early to Middle Pleistocene and was finally uplifted
post-500 ka. These three major uplift stages correlate with episodes of increased deforma-
tion widely recognized throughout the Central Andes, starting after a Late Oligocene–Early
Miocene episode of increased plate convergence. North of 308S, the previous palaeotopography
along the western Coastal Cordillera probably influenced Neogene landscape evolution. The pres-
ence of an inherited palaeotopography together with a strong decrease of precipitation to the north
of 308S would have determined differences in landscape development between this area and the
area to the south of 308S since the Early Miocene.

The morphology of active mountain belts results
from the interplay between tectonic processes,
which deform the lithosphere and result in uplifted
regions of the Earth’s surface, and erosional pro-
cesses, which are mainly controlled by climate and
rock type (Strecker et al. 2007). In the Central
Andes (15–348S, Fig. 1), along-strike variations
of topography and the amount of shortening have
been mostly related to north–south-changing tec-
tonic features. The most widely mentioned corre-
spond to subduction geometry (Jordan et al. 1983;
Isacks 1988), the age of the Nazca Plate (Ramos
et al. 2004) and interplate coupling (Lamb &
Davis 2003). It is thought that these tectonic
factors together with the pre-Neogene geological
history (Ramos et al. 1996; Lamb et al. 1997;
Tassara & Yañez 2003; Giambiagi et al. 2012)
may have played a dominant role in the first-order
topography and structure of the Andes (Hilley &
Coutand 2010). However, it is also likely that ero-
sional processes may influence the kinematics of
deformation (Sobel & Strecker 2003; Hilley et al.

2004) and control the response time to uplift
(Aguilar et al. 2011; Carretier et al. 2013) at the
scale of morphostructural segments (Fig. 1; Hilley
& Coutand 2010). Here, we present the case of the
Central Andes of north-central Chile between 288
and 328S, whose Neogene landscape evolution
may have been influenced by several factors.
Firstly, this region is located on the Pampean or
Chilean flat-slab segment (27–338S), within which
the subduction angle between the Nazca and South
American Plates is c. 108, contrary to the adjacent
regions of the Central Andes where this angle is
c. 308 (Cahill & Isacks 1992). Slab flattening is
thought to be related to the subduction of the
buoyant Juan Fernández Ridge (Fig. 1), which
migrated from the northern to the southern part of
the study area between c. 16 and 12 Ma (Yañez
et al. 2001). However, it is unclear if Neogene
crustal thickening and uplift are a consequence of
the subduction of the Juan Fernández Ridge (Cem-
brano et al. 2003) or are better related to changes
in the convergence parameters between the Nazca
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and South American Plates (Kay & Mpodozis 2002;
Charrier et al. 2013).

Secondly, the study area also records a transi-
tion in the pre-Neogene topography that is reflected
in the presence of the Vallenar Orocline at this lati-
tude of the Central Andes (Fig. 1; Arriagada et al.
2009). The Vallenar Orocline is thought to mark the
southernmost extent of Eocene–Oligocene defor-
mation (Arriagada et al. 2009), associated with the
so-called Incaic Range (Steinmann 1929; Charrier
& Vicente 1972; Cornejo et al. 2003). During the
Eocene and Oligocene the Incaic Range was the
main palaeogeographic feature to the north of
318S (Fig. 1; Maksaev & Zentilli 1999; Charrier
et al. 2007; Arriagada et al. 2009, 2013; Bissig &
Riquelme 2010), while an extensional volcano-
sedimentary basin, known as the Abanico Basin
(Charrier et al. 2002), developed south of 328S.

However, it is unclear how the presence of the
Incaic relief may have influenced the subsequent
landscape evolution throughout the studied area.

Thirdly, the region of north-central Chile has a
semi-arid climate, which is transitional between
the hyperarid conditions of the southern Atacama
Desert north of 278S and the more humid conditions
of central Chile south of 338S (Fig. 2a). The South-
east Pacific anticyclone (SEP) is the main factor
responsible for the hyperaridity north of 278S,
whereas the penetration of the southern hemisphere
westerlies results in the more humid conditions of
central Chile (Veit 1996). In particular, along the
studied region a north-to-south rise in precipita-
tion occurs at 308S related to the influence of the
SEP (Fig. 2a). During the Palaeogene, the cli-
mate in north-central Chile was warmer and more
humid than at present as indicated by the woody

Fig. 1. Morphostructural units and tectonic setting of the Central Andes (15–348S). Dashed black lines mark depth
contour lines of the Nazca Plate underneath the South America Plate at 100, 150 and 200 km (Cahill & Isacks 1992).
Dashed white line marks the symmetry axis of the Vallenar Orocline (Arriagada et al. 2009). CC, Coastal Cordillera;
CD, Central Depression; DR, Domeyko Cordillera; SD, Subandean Depression; AP, Altiplano-Puna (including the
Western and Eastern Cordilleras); SB, Subandean Ranges; SS, Santa Bárbara System; FC, Frontal Cordillera; Prc,
Precordillera; SP, Sierras Pampeanas; PC, Principal Cordillera.
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components of palaeoflora from fossiliferous local-
ities just south of La Serena (Fig. 2a; Villagrán et al.
2004). Since c. 21 to 15 Ma subtropical vegeta-
tion has been replaced by sclerophytic shrubs indi-
cating a warm, seasonal climate receiving scarce
rainfall from both the east and the west (Villagrán
et al. 2004). The transition between a hyperarid
climate to the north of 278S and a humid climate
south of 338S occurred after the Middle Miocene
(Le Roux 2012). During this period the combina-
tion of a series of events, including glaciations in
West Antartica, formation of the Humboldt Cur-
rent and uplift of the Andes, are thought to have
been responsible for the development of the lati-
tudinal precipitation gradient throughout the study
area (Le Roux 2012). The role, if any, that the
present-day along-strike increase in precipitation
and/or climatic changes throughout the Miocene
could have played in shaping the landscape in north-
central Chile is largely unknown.

In this study we combine geomorphological
analysis of sub-planar palaeosurfaces in the Coastal
Cordillera (Fig. 1) with the U–Pb zircon geochro-
nology of overlying tuffs to reconstruct the
Neogene history of uplift and incision of these
palaeosurfaces in north-central Chile (28–328S).
Our results are discussed considering previous data
on sub-planar palaeosurfaces in the Coastal Cordil-
lera (Rodrı́guez et al. 2013) and the higher Frontal
Cordillera (e.g. Bissig et al. 2002; Nalpas et al.
2009). Finally, we discuss the roles that tectonic
and erosional processes have played in the devel-
opment of the present-day topography in north-
central Chile.

Regional framework

The large-scale geomorphology of the study area is
characterized by a marked rise in mean elevation
along west–east transects (Fig. 2b, d; Aguilar et al.
2011, 2013). This first-order geomorphological
feature represents a topographic front separating
two north–south-elongated morphostructural units
corresponding to the Coastal Cordillera and Frontal
Cordillera from west to east (Fig. 2b, c). Contrary
to what is observed in the Andean segments to
the north of 278S and to the south of 338S, no conti-
nuous Central Depression is observed to the east of
the Coastal Cordillera in the study region (Figs 1 &
2c). Only north of 308S is there an area which
corresponds to that of relatively lower topography
within the Coastal Cordillera (the Domeyko
Depression; Fig. 2c).

The Coastal Cordillera is characterized to the
west by a series of shore platforms displaying low
slope values (,208) (Fig. 2c; Paskoff 1970; Ota
et al. 1995; Benado 2000; Saillard et al. 2009;

Rodrı́guez et al. 2013). To the east, the Coastal
Cordillera reaches a maximum elevation of c.
3200 m above mean sea-level (a.s.l.) (Fig. 2b). The
Coastal Cordillera mainly corresponds to an east-
dipping homoclinal block of Triassic–Lower Cre-
taceous volcano-sedimentary rocks that unconform-
ably cover a Devonian–Carboniferous (Permian?)
metamorphic and sedimentary basement (Fig. 3;
Rivano & Sepúlveda 1991). Both features are
intruded by Triassic–Early Cretaceous north–
south-elongated plutonic belts with increasing ages
to the east (Fig. 3; Rivano & Sepúlveda 1991;
Emparán & Pineda 2006; Arévalo et al. 2009).
Towards the border with the Frontal Cordillera,
the Lower Cretaceous rocks at the top of the east-
dipping homoclinal block are unconformably
covered by subhorizontal Upper Cretaceous–Paleo-
cene volcano-sedimentary rocks and intruded by a
plutonic belt of similar age (Fig. 3; Pineda &
Emparán 2006; Pineda & Calderón 2008). Along
the coast and within the main valleys, Neogene mar-
ine and continental sedimentary rocks are exposed
(Fig. 4; Rivano & Sepúlveda 1991; Le Roux et al.
2004, 2005, 2006; Emparán & Pineda 2006;
Arévalo et al. 2009). As will be explained later,
these deposits are closely related to the development
of the pediplains studied here. The Coquimbo For-
mation corresponds to a shallow marine-to-transi-
tional sedimentary succession exposed along the
coast near the localities of Punta Choros and
Tongoy (Figs 3 & 4). It records continuous marine
deposition from the Early Miocene (c. 23 Ma) to
the Early Pleistocene (c. 1 Ma) (Le Roux et al.
2004, 2005, 2006). South of 308S, the Coquimbo
Formation grades laterally towards the east into
the continental Confluencia Formation (Figs 3 &
4). The Confluencia Formation is composed of
fluvial and alluvial facies exposed along the lower
and middle courses of the main valleys (Figs 3 &
4). The fluvial deposits change laterally towards
the valley walls into the alluvial deposits (Fig. 4).
In some areas the latter overlie the fluvial deposits
(Fig. 4). No geochronological constraints exist
for the Confluencia Formation, but based on its
relationship with the Coquimbo Formation, a
general Miocene–Pleistocene age can be assumed
(Emparán & Pineda 2006). The alluvial facies
within the Confluencia Formation present an inter-
bedded ash bed south of Tongoy (Figs 3 & 4),
which has been correlated with a similar level
within the marine Coquimbo Formation exposed
just to the west (Figs 3 & 4; Emparán & Pineda
2006) and dated at c. 6 Ma (Emparán & Pineda
2000). North of 308S, the Domeyko Gravels are
exposed within the Domeyko Depression (Figs 3
& 4). The Domeyko Gravels are alluvial deposits
interpreted to have accumulated in a closed basin
with a local sediment source (Arévalo et al. 2009).
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There are no chronostratigraphic or geochrono-
logical constraints available for the Domeyko
Gravels. However, they are thought to be of
Middle Miocene age (Arévalo et al. 2009) according
to regional correlations with the Atacama Gravels
at c. 278S (Mortimer 1973). Deposition of the
Atacama Gravels started c. 17 Ma and ended by
c. 10 Ma (Cornejo et al. 1993), finally leading
to regional pedimentation and development of the
Atacama Pediplain on top. Also exposed within
the Domeyko Depression are alluvial and colluvial
deposits that crop out attached to relatively higher
topographic areas and that overlie the Domeyko
Gravels (Fig. 4; Arévalo et al. 2009). No direct
geochronological contraints are available for these
deposits, but they have been correlated with
similar deposits at 278S (Arévalo et al. 2009) pre-
senting intercalated ash units with ages between
c. 7 and 3 Ma (Fig. 4; Arévalo et al. 2009). The allu-
vial and colluvial deposits exposed north of 308S
are correlated with the alluvial facies of the Con-
fluencia Formation exposed south of 308S.

The Frontal Cordillera reaches elevations as high
as c. 6700 m a.s.l. It is formed by a core of Carbon-
iferous to Permian magmatic units (Fig. 3; Nasi
et al. 1990; Pineda & Calderón 2008), which here
is referred to as the central Frontal Cordillera (Fig.
5). The core is covered to the west by a dominantly
west-dipping block of Triassic–Upper Cretaceous
folded volcano-sedimentary rocks, intruded by
a Late Cretaceous–Early Paleocene magmatic
belt (Mpodozis & Cornejo 1988; Nasi et al. 1990;
Pineda & Emparán 2006; Pineda & Calderón
2008). This area will be referred to below as the
western Frontal Cordillera (Fig. 5). To the east, the
basement core is intruded by, or in faulted contact
with, a block composed mostly of Permo-Triassic
magmatic and volcanic rocks unconformably over-
lain by Oligocene–Miocene folded volcano-sedi-
mentary rocks (Fig. 3; Maksaev et al. 1984; Nasi
et al. 1990; Martin et al. 1999; Bissig et al. 2001;
Winocur et al. 2014). These rocks are unconform-
ably covered by Miocene subhorizontal volcanic
rocks and intruded by a north–south-trending
Oligocene magmatic belt (Fig. 3; Maksaev et al.
1984; Nasi et al. 1990; Martin et al. 1999; Bissig
et al. 2001; Winocur et al. 2014). The area of the
Frontal Cordillera to the east of the basement core

is referred to here as the eastern Frontal Cordillera
(Fig. 5). Finally, a NNE–SSW-trending magmatic
belt of Eocene age intrudes the areas of the cen-
tral and western Frontal Cordillera (Figs 2 & 5).
South of 31.58S, the area to the east of the main
topographic front corresponds to the Principal Cor-
dillera (Fig. 5), which is defined by a core of Oligo-
cene–Miocene folded volcano-sedimentary rocks
(Charrier et al. 2002; Mpodozis et al. 2009; Jara &
Charrier 2014) flanked to the east by a fold-
and-thrust belt of Mesozoic sedimentary and volca-
nic rocks (Fig. 5). These rocks are unconformably
covered by Miocene subhorizontal volcanic rocks
and intruded by a north–south-trending Miocene
magmatic belt (Fig. 3; Mpodozis et al. 2009; Jara
& Charrier 2014).

Crustal thickening processes in the study area
began with the Late Cretaceous tectonic inversion
of volcano-sedimentary extensional basins of a
Lower Jurassic–Lower Cretaceous arc–back-arc
system (Emparán & Pineda 2000; Arancibia 2004;
Emparán & Pineda 2006; Charrier et al. 2007;
Salazar 2012). Late Cretaceous inversion reacti-
vated pre-existing normal faults along the Coastal
and Frontal Cordilleras (Fig. 3; Emparán & Pineda
2000; Arancibia 2004; Emparán & Pineda 2006;
Pineda & Emparán 2006; Arévalo et al. 2009).
Eocene–Oligocene compression throughout the
study area is associated with the Incaic Orogenic
Phase (Steinmann 1929; Charrier & Vicente 1972;
Cornejo et al. 2003). The Incaic Orogenic Phase
corresponds to an important episode of shortening,
uplift and exhumation widely recognized through-
out the Domeyko Cordillera in northern Chile
during the Eocene and Oligocene. Palaeomagnetic
data indicate that Eocene–Oligocene clockwise
palaeomagnetic rotations become mostly zero
south of 318S (Arriagada et al. 2009, 2013). There-
fore, it has been interpreted that the study area
includes the southern limit of Incaic deformation
(Arriagada et al. 2009, 2013). According to struc-
tural and geochronological data, Eocene compres-
sion in the Huasco Valley was associated with
inversion of previous Lower Cretaceous extensional
basins by a series of low-angle faults located
between the San Félix and La Totora Faults in the
western and central Frontal Cordillera (Figs 3 & 5,
Salazar 2012). At the latitude of the Elqui River

Fig. 2. (a) Shaded relief image map colour-coded for mean annual precipitation downloaded from http://climate.geog.
udel.edu/�climate/html_pages/download.html. (b) Elevation map throughout study area based in the SRTM DEM.
Dashed red lines mark the position of topographic fronts. Dashed blue lines mark the main rivers and tributaries. Dashed
black line marks the international border. (c) Slope map throughout study area derived from the SRTM DEM. Thick
dashed black line marks the position of the main topographic front. Thin dashed line marks the position of the
international border. Arrows mark depressed areas within the Algarrobillo pediplain south of 308S. (d) Maximum (red)
and minimum (blue) elevation profiles in a 5 km diameter swath. Arrows mark the position of topographic fronts. Trace
of profiles in Figure 2b.
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valley, the Eocene compression was related to a
pop-up system formed by the closely spaced west-
vergent Vicuña Reverse Fault and the east-vergent
Rivadavia Reverse Fault in the western Frontal
Cordillera (Figs 3 & 5). Finally, contractional tec-
tonics affected the eastern Frontal Cordillera and
the Principal Cordillera from the Early Miocene
to at least the Late Miocene (Nasi et al. 1990;
Rivano & Sepúlveda 1991; Bissig et al. 2001; Mpo-
dozis et al. 2009; Winocur 2010; Jara & Charrier
2014; Winocur et al. 2014).

Large- to medium-scale geomorphological

features

The topographic front that separates the Coastal
Cordillera from the Frontal Cordillera defines two
areas differing in their slope and hypsometry
(Aguilar et al. 2013). The Frontal Cordillera pre-
sents contrasting slope values, with very high
values (.458) associated with canyons and low
values (,208) mostly observed at the high
elevations of watersheds in the eastern Frontal Cor-
dillera along the international border between Chile
and Argentina (Fig. 2c). The Coastal Cordillera has
homogeneous and lower slope values compared

with the Frontal Cordillera, although high slope
values are observed locally within river valleys
and along the edges of low-slope areas (Fig. 2c).
Another abrupt rise in the mean elevation present
throughout west–east transects within the Coastal
Cordillera defines a secondary topographic front
(Fig. 2b). It is characterized by c. 600 to 1000 m
of relief (difference in elevations) and separates
the Coastal Cordillera into two areas referred to
here as the western Coastal Cordillera and the
eastern Coastal Cordillera (Fig. 5). Hypsometric
integral values show a progressive increase from
the Coastal Cordillera to the Frontal Cordillera,
revealing that the zone between the secondary and
main topographic fronts is an ancient mountain
front, which probably evolved as a degradational
feature carved during the Neogene (Aguilar et al.
2013). The low-slope areas throughout the Coastal
and eastern Frontal Cordilleras are also generally
characterized by low relief, forming sub-planar
inter-river areas (i.e. the interfluves). These sub-
planar surfaces resemble the morphology of palaeo-
surfaces widely described in the Central Andes
forearc to the north and south of the study area (Mor-
timer 1973; Tosdal et al. 1984; Clark et al. 1990;
Farı́as et al. 2005; Garcı́a & Hérail 2005; Quang
et al. 2005; Hoke et al. 2007; Riquelme et al.

Fig. 3. Geological map of the study area, based on Sernageomin (2003). The black dashed line marks the main
topographic front line that separates the Coastal Cordillera to the west, from the Frontal Cordillera to the east. Black
stars show location of tuffs dated by U–Pb zircon geochronology on top of the La Silla Pediplain and the Algarrobillo
Pediplain in this study. VF, Vicuña Fault; RF, Rivadavia Fault; SFF, San Félix Fault; TF, La Totora Fault; ABF, Agua de
los Burros Fault; ECF, El Chape Fault; PF, Pupio Fault.

Fig. 4. Chronostratigraphic chart for Neogene and Quaternary sedimentary units exposed in the Coastal Cordillera
north and south of 308S. Mio, Miocene; Pli, Pliocene; LPle, Lower Pleistocene.
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2007; Farı́as et al. 2008a, b; Hall et al. 2008). Their
low relief and slope indicate that incision was
mostly inhibited during landform formation.
However, their present-day location at hundreds of
metres above the river thalwegs implies that they
were initially graded to an ancient base level. There-
fore, they are generally interpreted as palaeosur-
faces displaced from their original location due to
regional forearc uplift or tilting (Mortimer 1973;
Tosdal et al. 1984; Farı́as et al. 2005; Hoke et al.
2007; Riquelme et al. 2007; Farı́as et al. 2008a,
b). These types of sub-planar palaeosurfaces have
been mostly classified as pediplains (Mortimer
1973; Tosdal et al. 1984), that is, extensive surfaces
formed due to the coalescence of multiple pedi-
ments. Pediments correspond to abraded bed-
rock surfaces covered by a thin veneer of alluvial
debris or weathered material (Cooke et al. 1993).
It has been recognized that pediplains may contain
degradational and aggradational counterparts, with
degradational parts corresponding to bedrock sur-
faces and aggradational parts corresponding gener-
ally to the top surface of fluvial and/or alluvial
deposits that represent the erosional material
formed due to bedrock surface degradation (Morti-
mer 1973; Tosdal et al. 1984; Riquelme et al.
2003; Riquelme et al. 2007).

In the Coastal Cordillera of the study area, four
to six pediplains have already been mapped in the
area of the Domeyko Depression (Garrido 2009;
Urresty 2009). South of 308S, a geomorphological
marker formed by marine and continental landforms
that have been uplifted c. 150 m was dated using
cosmogenic 10Be (Rodrı́guez et al. 2013). The
marine landforms correspond to shore platforms
partly developed on top of the older Coquimbo For-
mation (Figs 3 & 4; Le Roux et al. 2006). The con-
tinental landforms correspond to a high strath
terrace and a pediment that form a single continental
planation surface mostly carved into older fluvial
gravels from the Miocene to Pleistocene Confluen-
cia Formation (Fig. 4; Emparán & Pineda 2006).

Pediplains have been identified throughout the
western Frontal Cordillera (Aguilar et al. 2013)
and were mapped and dated in the eastern Frontal
Cordillera along the international border between
Chile and Argentina (Bissig et al. 2002; Nalpas

et al. 2009). No pediplains have been identified
within the central Frontal Cordillera.

Here we have mapped pediplains mostly in the
Coastal Cordillera (Figs 5 & 6a–c). Importantly,
the present study is the first attempt to regionally
map and correlate the pediplains of the Coastal
and Frontal Cordilleras in north-central Chile in
order to characterize the processes involved in
their formation, uplift and incision.

Methods

Geomorphological mapping

Satellite images and elevation, slope and geological
maps together with field observations were used to
map pediplains. The satellite images used included
the panchromatic band of the Landsat 7 ETM+
presenting a resolution of 15 m per pixel. Elevation
and slope maps were extracted from the Shuttle
Radar Topography Mission digital elevation model
(SRTM DEM, 90 m resolution per pixel) using
ArcGis 9.3 and Envi 4.2 software packages. The
geological maps used range in scale between
1:250 000 and 1:100 000. Flow grids were extracted
from the SRTM DEM using the software River-
Tools to visualize the drainage network and the
thalweg profiles of the main channels that incise
the pediplains. In order to standardize the geomor-
phological mapping, criteria for surface recogni-
tion were defined, which are similar to a protocol
used by Clark et al. (2006) to recognize remnant
surfaces of an ancient landscape throughout the
eastern Tibetan Plateau. As previously mentioned,
the low relief and slope of the studied surfaces
allow us to deduce that they formed graded to
their respective original base-level surfaces. There-
fore, in order to map these surfaces it was neces-
sary to establish maximum values for relief and
slope. The maximum relief for surface recognition
was established as c. 600 m (Clark et al. 2006)
whereas only surfaces presenting moderately low
slopes (,208) were mapped. It was also necessary
to put some constraints on other geomorphological
or sedimentological features of these surfaces that
indicate they were actually displaced from their
original base levels, as they lack significant active

Fig. 5. Remnants of pediplains throughout the study area in shaded relief image of the SRTM DEM. Black stars show
location of tuffs dated by U–Pb zircon geochronology overlying the La Silla Pediplain in Cerro Carrizo and the
Algarrobillo Pediplain in Quebrada Higuerillas. Grey stars show location of volcanic deposits overlying the La Silla and
Algarrobillo Pediplains dated in previous studies (Rivano & Sepúlveda 1991; Bissig 2001; Emparán & Calderón 2008).
White stars show location of supergene alunite samples dated by 40Ar/39Ar geochronology by Creixell et al. (2012).
Black lines mark the position of topographic fronts. Red lines mark the boundaries between the different blocks
composing the Frontal Cordillera. The blue dashed line marks the international border between Chile and Argentina.
WCC, western Coastal Cordillera; ECC, eastern Coastal Cordillera; WFC, western Frontal Cordillera; CFC, central
Frontal Cordillera; EFC, eastern Frontal Cordillera; PC, Principal Cordillera; LCO, Las Campanas Astronomical
Observatory.
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Fig. 6. (a) View to the NE of the secondary topographic front in the area of the Domeyko Depression. The Las
Campanas Astronomical Observatory (LCO) (c. 2300 m a.s.l.) is observed on top of remnants of the La Silla Pediplain.
LCO location in Figure 5. Remnants of the Algarrobillo Pediplain are exposed at the foot of the secondary topographic
front underlying eroded exposures of the Domeyko Gravels. (b) View to the east of the secondary topographic front in
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sedimentation, and that they are related to knick
points downstream (Clark et al. 2006).

Geochronology

Three samples from tuff layers covering two differ-
ent bedrock pediplains presented in the following
section, the La Silla and the Algarobillo Pediplains,
were collected from the localities of Cerro Carrizo
and Quebrada Higuerillas (Fig. 7). The samples
were crushed and sieved to obtain the 250–
1000 mm fraction. Mineral separation was obtained
according to standard laboratory techniques in
the Mineral Separation Laboratory of the Geology
Department of the University of Chile. At least 50
zircons from each sample were mounted in epoxy
and polished for laser ablation analyses at the
University of Arizona. The U–Pb geochronology
of zircons was carried out using laser ablation-
multicollector-inductively coupled plasma-mass
spectrometry (LA-MC-ICP-MS) at the Arizona
LaserChron Center (University of Arizona). Ages
were calculated using the subroutine ‘Zircon Age
extractor’ of Isoplot (Ludwig 2009), which imple-
ments an algorithm (‘TuffZirc’) for extracting reli-
able ages and age errors from suites of 238U–206Pb
dates on complex single-zircon populations to
finally provide a best estimate for the magmatic
age of the tuff (Fig. 7).

Results

The pediplains studied here correspond to gently
undulating bedrock and aggradational surfaces,
which are exposed as patches that can be correlated
based on their elevation and lateral connection.
Furthermore, the pediplains had to meet the criteria
defined in the previous section. A total of five levels
of pediplains are recognized within the study area
(Figs 5 & 8a, b). These five levels are systemati-
cally observed throughout the entire study area,
but they display some differences between the
regions located to the north and to the south of
308S (Fig. 5). The two highest degradational pedi-
plains, here named as La Silla and Corredores
Pediplains, are located in the eastern Coastal Cordil-
lera just to the east of the secondary topographic
front (Figs 5 & 8a, b). The Corredores Pediplain
is also composed of an aggradational part exposed
within the western Coastal Cordillera just to the

west of the secondary topographic front north of
308S (Figs 5 & 8a). The Algarrobillo Pediplain
is exposed within the western Coastal Cordillera
just to the west of the secondary topographic front

Fig. 6. (Continued) the area of the Domeyko Depression. The LCO (c. 2300 m a.s.l.) is observed on top of remnants of
the La Silla Pediplain. Remnants of the aggradational part of the Corredores Pediplain (Corredores (a) on top of the
Domeyko Gravels) are exposed at the foot of the secondary topographic front. Remnants of the Algarrobillo Pediplain
underlying the Domeyko Gravels are also observed. (c) View to the SE of remnants of the degradational part of the
Corredores (Corredores (d)) Pediplain at both flanks Quebrada Choros.

Fig. 7. LA-ICPMS U–Pb zircon ages obtained for
tuffs covering the Algarrobillo and La Silla Pediplains.
Errors are +2s.
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Fig. 8. (a) Schematic profiles of pediplains from the Coastal Cordillera north of 308S. (b) Schematic profiles of pediplains from the Coastal Cordillera south of 308S.
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(Figs 5 & 8a, b). The Algarrobillo Pediplain under-
lies the aggradational deposits related to the devel-
opment of the Corredores Pediplain north of 308S
(Figs 5, 6a, b & 8a). The Cachiyuyo Pediplain,
which has a lower elevation in relation to the Algar-
robillo Pediplain, is exposed in both the western and
eastern Coastal Cordillera (Figs 5 & 8a, b). It pre-
sents both degradational and aggradational counter-
parts (Figs 5 & 8a, b). Finally, the lowest pediplain
observed within the study area, the Ovalle Pedi-
plain, occurs within the western Coastal Cordillera
(Figs 5 & 8a, b).

La Silla Pediplain

The La Silla Pediplain corresponds to a degrada-
tional bedrock surface always exposed just to the
east of the secondary topographic front (Figs 5,
6a–c & 8a, b). North of 308S the pediplain is
present in the eastern Coastal Cordillera and in
some areas of the western Frontal Cordillera (Fig.
5). South of 308S the pediplain forms the highest
summits of the eastern Coastal Cordillera (Figs 5
& 8b). The range of elevations of the La Silla Ped-
iplain is constant throughout the study area, lying
between 3200 and 1800 m a.s.l. It is carved indepen-
dent of the lithology into Upper Cretaceous and
Paleocene volcano-sedimentary rocks and Paleo-
cene–Eocene granitoids. Importantly, remnants of
the La Silla Pediplain are exposed both west and
east of the Vicuña Fault near the town of Hurtado
(Fig. 9). The youngest rocks cross-cut by the La
Silla Pediplain correspond to a granitoid with a
U–Pb zircon age of 48.1 + 0.4 Ma (Table 1;
Emparán & Pineda 2006). One tuff sample inter-
preted as an ash fall overlying the La Silla Pediplain
within the Choapa Valley was collected (Figs 5, 7 &
8b). The U–Pb zircon age obtained for this tuff
sample is 19.82 + 0.29–0.39 Ma (Table 1; Figs 5,
7 & 8b). Additionally, an andesitic lava with a
K–Ar age of 17.3 + 1.4 Ma covers the dated tuff
c. 2 km south of the sampled site and within
the same surface remnant (Table 1; Figs 5 & 8b;
Rivano & Sepúlveda 1991).

Corredores Pediplain

The Corredores Pediplain is composed of both
degradational and aggradational counterparts (Figs
5, 6b, c & 8a, b). Its degradational part is a bedrock
surface only exposed in the eastern Coastal Cor-
dillera and always incised into the La Silla Pedi-
plain (Figs 5 & 6c). The elevation of this bedrock
surface ranges between 2000 and 1200 m a.s.l.
throughout the entire study area. Similar to the La
Silla Pediplain, it is mainly carved into the Upper
Cretaceous and Paleocene volcano-sedimentary
rocks, but it is also well developed on top of

Paleocene granitoids. The aggradational part of the
Corredores Pediplain is exposed to the west of the
secondary topographic front and only in the area
located to the north of 308S, within the Domeyko
Depression (Figs 5, 6b & 8a). It has an elevation
range between 1400 and 800 m a.s.l., corresponding
to the surface on top of the alluvial deposits of the
Domeyko Gravels of probable Middle Miocene
age (Table 1; Figs 5, 6b & 8a). Importantly, the
aggradational part of the Corredores Pediplain is
not observed south of 308S (Figs 5 & 8b).

Algarrobillo Pediplain

The Algarrobillo Pediplain is a degradational bed-
rock surface that is separated by the secondary topo-
graphic front from the La Silla Pediplain and the
degradational part of the Corredores Pediplain
throughout the entire study area (Figs 5, 6a & 8a,
b). North of 308S, remnants of the Algarrobillo
Pediplain are exposed on top of the NNE–NNW-
trending ranges of the Coastal Cordillera and
within the Domeyko Depression (Fig. 5). Remnants
exposed at the summits of the NNE–NNW-trending
ranges have elevations as high as 1800 m a.s.l.
that diminish seawards to 1200 m a.s.l. Within the
Domeyko Depression the elevation of the Algarro-
billo Pediplain is c. 1700 m a.s.l. at the foothills of
the secondary topographic front just north of 308S.
Further north it diminishes to 1200 m a.s.l. and
plunges underneath the Domeyko Gravels of prob-
able Middle Miocene age (Figs 5, 6a, b & 8a).
Remnants of the Algarrobillo Pediplain at the
western border of the Domeyko Depression are at
elevations that are slightly lower (c. 1500–1200 m
a.s.l.), but within the same elevation range as
those on top of the NNE–NNW-trending ranges
(c. 1800–1200 m a.s.l.). As no dislocation or enca-
sement is observed between low relief/slope
remnant surfaces of both areas, they are correlated
here as part of the same original pediplain. South
of 308S, the Algarrobillo Pediplain’s remnants
form the summits of the western Coastal Cordillera
in a range of elevations between 1600 and 1100 m
a.s.l. that diminish progressively seawards. Here,
exposures of the Algarrobillo Pediplain are present
as close as c. 3 km to the present-day coastline
(Fig. 5). The Algarrobillo Pediplain is carved
mainly into Jurassic and Lower Cretaceous volcano-
sedimentary and intrusive rocks. Two samples
were collected from an ignimbritic deposit at the
top of the Algarrobillo Pediplain (Figs 5, 7 & 8b).
The U–Pb zircon geochronological determina-
tions for these samples give two similar ages of
20.92 + 0.47–0.79 Ma and 18.41 + 0.79–1.01 Ma
(Figs 5, 7 & 8b). In other studies two ages of
23.07 + 0.33 (40Ar/39Ar biotite) and 21.3 + 2.2
(K–Ar biotite) were obtained for tuffs overlying
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the Algarrobillo Pediplain just to the south of
La Serena (Table 1; Figs 5 & 8b; Bissig 2001;
Emparán & Calderón 2008).

Cachiyuyo Pediplain

The Cachiyuyo Pediplain is composed of both
aggradational and degradational bedrock counter-
parts (Figs 5 & 8a, b). They are incised within
north–south-trending tributaries draining the Algar-
robillo and Corredores Pediplains (Figs 5 & 8a, b).
The elevation of the Cachiyuyo Pediplain mostly
ranges between 1000 and 700 m a.s.l. north of
308S and between 1100 and 500 a.s.l. south of
308S. The degradational part of the Cachiyuyo Ped-
iplain is carved mainly into Jurassic– Lower Cre-
taceous volcano-sedimentary and intrusive rocks
and to a lesser degree into the Triassic succession
of volcanic rocks and the Palaeozoic metamorphic
basement. Within the Domeyko Depression the
aggradational part of the Cachiyuyo Pediplain cor-
responds to the surface on top of alluvial and collu-
vial sediments of probable Late Miocene–Pliocene
age (Table 1; Figs 8a & 9; Arévalo et al. 2009).
South of 308S, the aggradational part of the
Cachiyuyo Pediplain corresponds to the surface on
top of the alluvial facies within the Confluencia
Formation (Table 1; Figs 8b & 9; Emparán &
Pineda 2006), correlated with the alluvial and collu-
vial deposits exposed to the north of 308S. In both
areas the alluvial and colluvial deposits are adjacent
to topographically higher areas corresponding
mostly to remnants of the Algarrobillo and the
aggradational part of the Corredores Pediplains
(Fig. 8a, b).

Ovalle Pediplain

The Ovalle Pediplain is exposed south of 308S as
a single planation surface formed by morphologi-
cally continuous marine and continental landforms
already described and dated using cosmogenic
10Be (Rodrı́guez et al. 2013). These 10Be cosmo-
genic age determinations indicate that the Ovalle

Pediplain formed between c. (1200?) 800 and
500 ka (Early–Middle Pleistocene, Table 1). Its
elevation varies from c. 100 m a.s.l. near the coast
to c. 400 m a.s.l. near the secondary topographic
front. The Ovalle Pediplain is incised into the Algar-
robillo and Cachiyuyo Pediplains (Figs 5 & 8a, b)
and has been uplifted c. 150 m above the present-
day thalwegs (Rodrı́guez et al. 2013). Whereas
the marine landforms mainly correspond to a wide
shore platform, the continental landforms corre-
spond to a high fluvial terrace and a pediment mor-
phologically connected and systematically exposed
throughout the lower and middle courses of present-
day river valleys in the area south of 308S (Figs 5 &
8b, Rodrı́guez et al. 2013). In this area, the Ovalle
Pediplain cross-cuts Jurassic granitoids and the
Palaeozoic metamorphic basement, and the older
alluvial and fluvial facies of the Confluencia For-
mation within the valleys. According to the inter-
pretation of the concentration of cosmogenic 10Be
in samples from the high fluvial terrace, this land-
form corresponds to an older aggradational terrace
related to fluvial deposition of the Confluencia
Formation later modified during the pedimentation
event leading to the development of the Ovalle
Pediplain (Rodrı́guez et al. 2013). North of 308S
the Ovalle Pediplain is restricted to the coastal
region (Figs 5& 8a) where it is exposed as a wide
shore platform or rasa (Regard et al. 2010). Near
the coast in both areas, the shore platform is
carved into Jurassic and Triassic granitoids, the
Miocene–Pleistocene marine deposits of the Coq-
uimbo Formation (Fig. 8a, b) and the Palaeozoic
metamorphic basement.

Discussion

Age of formation and incision of

pediplains

The age of pediplains is generally constrained by
the youngest geological unit overlain by the pedi-
ment and the geological units covering the surface

Fig. 9. Shaded relief image of the study area showing the trace of main faults and showing remnants of the Corredores
and Algarrobillo Pediplains, as well as outcrops of Lower Miocene–Pleistocene continental and marine deposits. Black
stars show location of tuffs dated by U–Pb zircon geochronology overlying the La Silla Pediplain in Cerro Carrizo and
the Algarrobillo Pediplain in Quebrada Higuerillas. Grey stars show location of volcanic deposits overlying the La Silla
and Algarrobillo Pediplains dated in previous studies (Rivano & Sepúlveda 1991; Bissig 2001; Emparán & Calderón
2008). White stars show location of supergene alunite samples dated by 40Ar/39Ar geochronology by Creixell et al.
(2012). Black lines mark the position of topographic fronts. Red lines mark the boundaries between the different blocks
composing the Frontal Cordillera. Blue lines mark the trace of main faults. The areas in transparent white indicate the
probable extension of an Eocene positive relief in the western Coastal Cordillera and of the Main Incaic Range along the
western and central Frontal Cordillera. WCC, western Coastal Cordillera; ECC, eastern Coastal Cordillera; WFC,
western Frontal Cordillera; CFC, central Frontal Cordillera; EFC, eastern Frontal Cordillera; ABF, Agua de los Burros
Fault; ECF, El Chape Fault; PF, Pupio Fault; VF, Vicuña Fault; RF, Rivadavia Fault; SFF, San Félix Fault; TF, La
Totora Fault.
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Table 1. Geochronological and relative ages used to constrain the development of pediplains from the Coastal Cordillera in north-central Chile (28–328S)

Name Location* Description Geochronological constraints

E
le

va
tio

n

+

–

La Silla ECC (some
areas of
WFC)

Degradational Andesitic lava (other studies) ¼.17.3 + 1.4 Ma (K–Ar whole rock)
overlying tuffs (this study) ¼.19.82 +0.29 20.39 Ma (U–Pb zircon)
youngest rocks cross-cut (other studies) ¼. 48.1 + 0.4 Ma U–Pb
zircon

Corredores ECC Degradational and aggradational
(Domeyko Gravels)

Probable Middle Miocene age for Domeyko Gravels ¼. probable Late
Miocene age for Corredores Pediplain

Algarrobillo WCC Degradational Supergene alunite (incision timing) ¼.c. 7–5 Ma 40Ar/39Ar overlain by
Domeyko Gravels overlying tuffs (this study) ¼.20.92 + 0.47
20.79 Ma and 18.41 + 0.79 2 1.01 Ma (U–Pb zircon)

overlying tuffs (other studies) ¼. 23.07 + 0.33 (40Ar /39Ar biotite) and
21.3 + 2.2 Ma (K–Ar biotite)

Cachiyuyo WCC
(some areas
of the WFC)

Degradational and aggradational (alluvial
facies of Confluencia Fm and Depósitos
aluviales and coluviales antiguos)

Probable Late Miocene–Early Pliocene age for ‘Depósitos aluviales and
coluviales antiguos’ ¼. probable Late Pliocene age for Cachiyuyo
Pediplain

Ovalle WCC Degradational 10Be cosmogenic ages point to a formation period between c. (1200?) 800
and 500 ka (Rodrı́guez et al. 2013)

*ECC, eastern Coastal Cordillera; WCC, western Coastal Cordillera; WFC, western Frontal Cordillera.
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(e.g. Bissig et al. 2001). Whereas the age of the
youngest geological unit eroded by the pediment
constrains the maximum age of initiation of pedi-
plain development, the ages of the oldest units cov-
ering this surface are used to constrain the minimum
age of development of the pediplain. Finally, it is
also important to consider the relative ages given
by the relationship of incision between two pedi-
plains (Table 1).

Regardless of the mechanism by which the tuffs
were deposited on top of the Algarobillo and La
Silla Pediplains, the ages obtained (Table 1) indicate
that both surfaces were sub-planar components of
the landscape by the Early Miocene. However, it
is known that ignimbritic flows or ash falls are
able to surge up valley flanks. This could imply
that the Algarobillo and La Silla Pediplains were
not necessarily graded to base level when the tuffs
were deposited on top. The La Silla Pediplain is
also covered by an andesitic lava of c. 17 Ma
(Table 1; Figs 5 & 8b; Rivano & Sepúlveda 1991).
As lava is not able to surge up valley flanks, the
La Silla Pediplain was graded to its base level
when both deposits covered this surface. The Early
Miocene ages of several tuffs (Table 1; Figs 5 & 8b)
covering the Algarrobillo Pediplain are in good
agreement with the underlying position of this
surface with respect to the Domeyko Gravels of pro-
bable Middle Miocene age within the Domeyko
Depression (Fig. 8a). The fact that the Algarrobillo
Pediplain served as a depocentre for the Domeyko
Gravels also suggests that it was graded to its base
level by the Early Miocene, just before deposition

of this unit. Importantly, exposures of the La Silla
Pediplain are systematically separated from the
Algarrobillo Pediplain remnants by a secondary
topographic front (Fig. 8a, b). This scarp could pre-
sent two different origins. One implies that both
pediplains formed a once-continuous surface that
was displaced after c. 17 Ma by a series of north–
south faults, namely, the Agua de los Burros, El
Chape and Pupio Faults (Fig. 10a; Moscoso et al.
1982; Rivano & Sepúlveda 1991; Pineda &
Emparán 2006; Arévalo et al. 2009), which are
spatially correlated with the secondary topographic
front (Fig. 9). The other possibility is that this fea-
ture results from scarp retreat after regional uplift
of a single surface (Fig. 10b). In such a case, the
La Silla Pediplain would be older than the Algarro-
billo Pediplain (Fig. 10b). However, the ages
between c. 23 and 18 Ma of tuffs overlying the
Algarrobillo Pediplain are slightly older than the
age of c. 19 to 17 Ma of volcanic deposits overlying
the La Silla Pediplain. Therefore, the geomorpholo-
gical and geochronological data described here
strongly suggest that the La Silla and Algarrobillo
Pediplains once formed a single low-relief/slope
surface that was later offset by north–south faults
that displaced the La Silla Pediplain to higher
elevations (Fig. 10a). According to the estimated
age of the Domeyko Gravels, offset from the orig-
inal La Silla–Algarrobillo single surface would
have occurred after c. 17 Ma and prior to the Mid-
dle Miocene. After the offset of this original sur-
face, the degradational and aggradational parts of
the Corredores Pediplain developed on top of the

sea-level

sea-level

sea-level

sea-level ?

sea-level

Age 1 

Age 1

Age 1 

Age 1

La SillaAlgarrobillo

Age 1

Age 2 (< Age 1)

(a) (b)

I

II

I

II

III
scarp retreat

Age 1

La SillaAlgarrobillo

WCC ECC WCC ECC

Fig. 10. Schematic profiles showing possible origins for the original La Silla–Algarrobillo pediplain. (a) Original La
Silla–Algarrobillo pediplain forming near sea-level and offset by north–south-trending faults aligned with the
secondary topographic front. (b) Original La Silla–Algarrobillo pediplain forming near sea-level with the secondary
topographic front forming due to scarp retreat.
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La Silla and Algarrobillo Pediplains, respectively
(Fig. 11a, b). According to the probable Middle
Miocene age of the Domeyko Gravels, the Corre-
dores Pediplain was already formed by the Late
Miocene (Table 1; Fig. 11a, b). Presently the Corre-
dores Pediplain’s remnants are located several hun-
dreds of metres above the river thalwegs (Fig. 8a, b).
Similarly, the Algarrobillo Pediplain’s remnants,
which underlie the aggradational part of the Corre-
dores Pediplain (Fig. 8a, b), are also located
several hundreds of metres above the present-day
river’s thalwegs (Fig. 8a, b). Thus, both surfaces
were incised after the Late Miocene (Fig. 11a, b).
A maximum age for incision of the Algarrobillo
and Corredores Pediplains is given by the age of
the Cachiyuyo Pediplain. The estimated age for

the alluvial to colluvial deposits related to the
aggradational part of the Cachiyuyo Pediplain is
Late Miocene–Early Pliocene (Table 1). Thus, the
age of the Cachiyuyo Pediplain is younger than
Early Pliocene, probably Late Pliocene (Table 1).
Supergene alunite 40Ar/39Ar ages in the range c. 7
to 5 Ma were obtained from samples collected
from the Algarrobillo Pediplain and valleys incising
this surface near Quebrada Choros (Table 1; Figs 5
& 8a; Creixell et al. 2012). Episodes of supergene
copper enrichment are thought to occur under semi-
arid conditions beneath pediplains due to abrupt
descents in the water table and concomitant pedi-
ment incision (Sillitoe et al. 1968; Mortimer 1973;
Tosdal et al. 1984; Quang et al. 2005). It is not
clear if such abrupt descents are related to tectonic
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Fig. 11. Landscape evolution model for the Coastal Cordillera from the Early Miocene to the Middle Pleistocene:
(a) north of 308S; and (b) south of 308S. WCC, western Coastal Cordillera: ECC, eastern Coastal Cordillera.
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uplift (Mortimer 1973) or to changing climatic con-
ditions (Arancibia et al. 2006). Regardless of the
cause of water table descents, the ages of supergene
alunite are consistent with incision of the Algarro-
billo Pediplain taking place between c. 7 and 5 Ma
(Late Miocene–Early Pliocene, Table 1), shortly
before the development of the Late Pliocene
Cachiyuyo Pediplain (Table 1). Finally, the 10Be
cosmogenic age determinations made by Rodrı́guez
et al. (2013) indicate the Ovalle Pediplain formed
between c. (1200?) 800 and 500 ka (Early–Middle
Pleistocene, Table 1).

In the eastern Frontal Cordillera near the inter-
national border between 29 and 308S at the head
of the Huasco River, three once-continuous levels
of pediplains are well preserved (Bissig et al.
2002). The higher pediplain, the Frontera–Deidad
surface (4600–5300 m a.s.l.), intersects intrusive
bodies with an 40Ar/39Ar age of c. 18 Ma (Bissig
et al. 2002), which constrains its maximum age.
The minimum age of this surface is inferred to be
15 Ma (Bissig et al. 2002). Farther north within
the Huasco River’s headwaters a smooth surface
(4350–4500 m a.s.l.) is defined by the top of a
package of gravels, informally named the Cantarito
gravels, previously correlated with the Atacama
Gravels (Fig. 9; Cancino 2007) exposed within the
Central Depression at 278S (Mortimer 1973). This
surface probably corresponds to the aggradational
part of the Frontera–Deidad surface as an ignimbrite
at the base of the gravels was dated at 22 + 0.6 Ma
(K–Ar, Cancino 2007). Entrenched into the Fron-
tera–Deidad surface, that of the Azufrera–Torta
is observed (4300–4600 m a.s.l.). The minimum
age of the Azufrera–Torta surface is constrained
by an overlying dacitic tuff with an 40Ar/39Ar age
c. 12.7 Ma (Bissig et al. 2002). Finally, the pedi-
mentation process finished with the incision of
the palaeovalley formed by the Los Rios surface,
whose minimum age is defined by an ignimbrite on
top presenting an 40Ar/39Ar age of c. 6 Ma (Bissig
et al. 2002). The few peaks that arise on top of
the Frontera–Deidad surface would correspond to
vestiges of an older uplifted surface, the Cumbre
surface, which represents a local back-scarp of the
Frontera–Deidad surface (Bissig et al. 2002).
According to the rocks that cross-cut this surface
and its relationship with the Frontera–Deidad sur-
face (Bissig et al. 2002), the probable age of the
Cumbre surface is Late Oligocene–Early Miocene.
Between 30 and 318S, Heredia et al. (2002) recog-
nized an extensive planation surface on top of
rocks of the Permo-Triassic basement and covered
by Early Miocene lavas (c. 18 Ma), which may also
be correlated with the Cumbre surface surface
(Fig. 9).

Independently of the mechanisms involved in
pediplain development at both locations, the

similarity between the ages presented here and the
ages obtained by Bissig et al. (2002) indicates that
tectonic and climatic conditions were favourable
for pediplain formation in the Coastal and in the
eastern Frontal Cordillera since the Early Mio-
cene. A priori, some chronological correlations
among the pediplains from both areas can be
suggested based on the age information and regio-
nal correlations given here. The Early Miocene
minimum age of the original La Silla–Algarrobillo
pediplain indicates that this surface formed co-
evally with the Late Oligocene–Early Miocene
Cumbre surface. Deposition of the Domeyko Grav-
els and the development of the probable Late Mio-
cene Corredores Pediplain would have outlasted
the formation of both, the Frontera-Deidad and
the Azufrera-Torta Pediplains, which formed after
the Early Miocene (c. 22–18 Ma) and during the
Late Miocene (c. 12 Ma), respectively. Importantly,
the timing of incision of the Algarrobillo Pedi-
plain (c. 7–5 Ma) coincides with the incision of
the palleovalley of the Los Rios surface (c. 6 Ma).
Finally, the age correlations between pediplains
from the western Coastal Cordillera and the eastern
Frontal Cordillera made here are only preliminary
as further geomorphological and geochronological
data are needed to support these correlations.

Location of pediplains with respect to the

Incaic Range

Taking the constraints on Eocene–Oligocene upper
plate deformation as indicators of the Incaic Range
(see Regional Framework), we suggest that within
the Huasco Valley the Incaic Range formed a
NNE–NNW-trending belt between the San Félix
and La Totora Faults in the western and central
Frontal Cordillera (Salazar 2012) (Fig. 9). Within
the Elqui and the northern Limarı́ Valleys, con-
straints on Eocene deformation and exhumation
(Cembrano et al. 2003) indicate that the Incaic
Range was shifted to the west with respect to
further north. Here, mountain building during the
Eocene would have been mostly focused in the
area between the Vicuña and Rivadavia Faults
(Fig. 9; Cembrano et al. 2003; Emparán & Pineda
2006; Pineda & Calderón 2008). However, expo-
sures of Late Eocene–Early Oligocene arc-like
stocks (Bocatoma unit, Mpodozis & Cornejo
1988) are observed further to the east (Fig. 9). The
geochemical signature of these rocks indicates
that they developed in a compressional-arc tectonic
regime (Bissig et al. 2003). Thus, the Incaic Range
probably extended further to the east in this area
(Fig. 9), occupying the present-day western and
central Frontal Cordilleras. To the south of 318S,
no evidence of Eocene–Oligocene contractional
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deformation is reported along Frontal/Principal
Cordilleras of the Choapa Valley (Fig. 9). Impor-
tantly, apatite fission-track and U–Th/He thermo-
chronology indicate that rocks from the Coastal
Cordillera to the west of the Domeyko Depression
to the north of 308S were exhumed in response to
uplift by the Middle to Late Eocene (Maksaev
et al. 2009). In contrast, to the south of 308S,
apatite fission-track ages between c. 120 and 80
Ma in the western Coastal Cordillera (Cembrano
et al. 2003) indicate that this area was exhumed in
response to uplift by the Early to Late Cretaceous,
prior to the Incaic Orogenic Phase. Thus, the
Eocene–Oligocene palaeotopography along the
study region was characterized by the presence of
a Main Incaic Range along the western and cen-
tral Frontal Cordilleras to the north of 318S, but
also by the presence of a positive relief in the
western Coastal Cordillera to the west of the
Domeyko Depression to the north of 308S (Fig. 9).
No evidence exists of the presence of an Eocene–
Oligocene mountainous range along the Frontal/
Principal Cordilleras south of 318S nor the western
Coastal Cordillera to the south of 308S (Fig. 9).

The mentioned constraints on Eocene to Oligo-
cene contractional deformation and exhumation
are in good agreement with the spatial distribu-
tion of Neogene pediplains described here for the
Coastal Cordillera and described in previous
works for the eastern Frontal Cordillera (Fig. 9).
North of 318S, the La Silla Pediplain seems to
follow the western border of the Main Incaic
Range as their remnants are exposed along the
western Frontal Cordillera in the area of the
Huasco Valley; whereas within the Elqui and
Limarı́ Valleys the La Silla Pediplain is exposed
farther to the west forming the highest summits of
the eastern Coastal Cordillera (Fig. 5). In the high
Frontal Cordillera of the same area (north of
318S), previous works indicate that Neogene
pediplains developed along the eastern Frontal
Cordillera, to the east of the position of the Main
Incaic Range inferred here (Fig. 9). Thus, Neogene
pediplains developed to the west and east of the
Main Incaic Relief (Fig. 9). No evidence of Incaic
deformation has been described south of 318S
along the Frontal/Principal Cordilleras. However,
remnants of the La Silla Pediplain are anyway
located immediately to the west of the exposures
of Eocene to Oligocene magmatic rocks that mark
the position of the Eocene-Oligocene volcanic arc
(Fig. 9). Finally, with respect to the pediplains of
the western Coastal Cordillera, the differences on
exhumation timing to the north and to the south of
308S are in good agreement with the slight relief
display by the Algarrobillo Pediplain north of 308S
and the absence of such relief south of 308S
(Figs 8a, b & 9).

The spatial relationship between the La Silla
Pediplain and the areas affected by Eocene–
Oligocene uplift and deformation in the Frontal
Cordillera suggests a strong control of previous
palaeotopography on the Neogene landscape evol-
ution of both the Coastal and Frontal Cordilleras
in the study area. Moreover, Neogene pediplains
developed to the west and to the east of the position
proposed here of the Main Incaic Range (Fig. 9).
This is consistent with the previous proposition of
Charrier et al. (2007), which suggested that the
Main Incaic Range may have acted as the Eocene–
Oligocene watershed.

Constraints on the original base level and

the timing of uplift in the Coastal Cordillera

Low relief/slope surfaces can develop at high
elevations (above sea-level) if downstream aggrada-
tion occurs, allowing the establishment of a new and
higher base level and the concomitant reduction of
the erosive efficiency of the drainage system, all
of which finally induce the progressive smoothing
of the relief upstream (Babault et al. 2005).

The geomorphological and geochronological
data described above strongly suggest that the
La Silla and Algarrobillo Pediplains once formed
a single low relief/slope surface. By the Early
Miocene this single surface dominated the land-
scape of the present-day Coastal Cordillera through-
out the entire study area (Fig. 11a, b). Importantly,
the La Silla–Algarrobillo surface displayed a
slight relief north of 308S, with NNE–NNW-
oriented ranges to the west of the Domeyko Depre-
ssion at relatively higher elevations (Fig. 11a). The
presence of a higher topography in this area prior
to the Early Miocene is consistent with apatite
fission-track and U–Th/He thermochronology
(Maksaev et al. 2009) indicating that rocks from
the western Coastal Cordillera to the west of the
Domeyko Depression were exhumed in response
to uplift by the Middle–Late Eocene. Moreover,
the sedimentology of the Domeyko Gravels also
indicates that they accumulated in a closed basin
with a local sediment source (Arévalo et al.
2009). According to Le Roux et al. (2004, 2005,
2006), shallow marine sedimentation related to the
Coquimbo Formation was already taking place in
the Tongoy Bay and at Punta Choros, immediately
to the west of the La Silla–Algarrobillo pediplain
by the Early Miocene around c. 23 and 18 Ma,
respectively (Figs 4 & 9; Coquimbo Formation).
This indicates that the original base level for this
surface would probably correspond to sea-level
at that time. Disruption of the original La Silla–
Algarrobillo surface and relative uplift of the
eastern Coastal Cordillera with respect to the
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western Coastal Cordillera occurred after c. 17 Ma.
It is unclear whether or not the Domeyko Gravels
correspond to syntectonic deposits (Garrido 2009).
Therefore, more sedimentological and geochronolo-
gical work is needed to establish if disruption of
the original La Silla–Algarrobillo surface occurred
between the Early to Middle Miocene or extended
into the Middle Miocene. A similar period of
uplift in the Early–Middle Miocene is interpreted
from apatite fission-track and U–Th/He data that
indicate accelerated cooling affecting the central
Frontal Cordillera between c. 20 and 15 Ma (Cem-
brano et al. 2003; Rodrı́guez et al. 2012). Moreover,
Early–Middle Miocene contractional deformation
and related uplift would have extended into the
eastern Frontal Cordillera according to structural
(Winocur 2010; Winocur et al. 2014) and geomor-
phological data (Bissig et al. 2002).

After disruption of the original Algarrobillo–
La Silla surface, the development at high eleva-
tion of the degradational part of the Corredores
Pediplain is explained by the geomorphological
connection with the top of the Domeyko Gravels.
However, the Corredores Pediplain is not geomor-
phologically continuous with any aggradational
surface south of 308S. One possibility is that in
this area the Corredores Pediplain was tectonically
uplifted to its present-day elevation by the same
north–south faults which previously displaced the
La Silla Pediplain (Fig. 9). Nevertheless, south of
308S the Corredores Pediplain usually presents the
same range of elevations (2000–1200 m a.s.l.) as
in the Domeyko Depression and it is also always
entrenched within the La Silla Pediplain. Therefore,
the most probable explanation is that the Corredores
Pediplain was actually formed at high elevations
due to aggradation to the west of the secondary topo-
graphic front throughout the entire study area, but
these deposits were later removed south of 308S.
The presence of a topographic barrier to the west of
the Domeyko Depression north of 308S (Figs 8a &
11a) would allow preservation of the Domeyko
Gravels after incision of the Corredores Pediplain.
In contrast, the absence of such a barrier south of
308S (Figs 8b & 11b) probably allowed erosion
and remobilization of deposits associated with the
Corredores Pediplain overlying the Algarrobillo
Pediplain. South of 308S the western border of the
Corredores Pediplain coincides with the maximum
extension to the east of the Miocene–Pleistocene
fluvial facies of the Confluencia Formation (Figs
8b & 9; Emparán & Pineda 2000). These deposits
may correspond to the aggradational deposits
related to the Corredores Pediplain, later remobi-
lized from the top of the Algarrobillo Pediplain
due to incision, and redeposited within the river
valleys that incised this surface (Figs 8b & 11b).
With respect to the Algarrobillo Pediplain, it is

known that marine deposition of the Coquimbo For-
mation was still taking place to the west by the Late
Miocene when incision on top of this pediplain
started, as suggested by supergene alunite ages
(Figs 5 & 8a; Creixell et al. 2012). Since sea-level
was the base level for the Algarrobillo Pediplain
during most of the Miocene, this surface was necess-
arily uplifted to its present-day high elevations.
Therefore, the incision ages between 7 and 5 Ma
indicate that uplift of the Algarrobillo Pediplain
started before 7 Ma. Thus, uplift of the Algarrobillo
Pediplain probably occurred in the Late Miocene
before 7 Ma (Fig. 11a, b). Importantly, the transi-
tion between a hyperarid climate to the north of
278S and a humid climate south of 338S occurred
c. 15 Ma (Le Roux 2012). Thus, aggradation of
the Middle Miocene Domeyko Gravels and develop-
ment at high elevations of the degradational part
of the Corredores Pediplain may be related, at least
in part, to a climatically driven decrease of the
transport capacity of rivers (Fig. 11a, b). Most prob-
ably, later incision on top of the aggradational/
degradational Corredores Pediplain is a conse-
quence of the Late Miocene uplift of the underlying
Algarrobillo Pediplain (Fig. 11a, b). Late Miocene
uplift of these pediplains is consistent with chro-
nostratigraphic analysis performed in the marine
Coquimbo Formation, which has provided evi-
dence of a period of generalized uplift affecting
the coastal areas next to the Algarrobillo Pediplain
by the Late Miocene (Le Roux et al. 2005).
Finally, uplift of the Algarrobillo and Corredores
Pediplains indicates the present-day western and
eastern Coastal Cordilleras were co-evally uplifted
by the Late Miocene (Fig. 11a, b).

By the Late Pliocene, the Cachiyuyo Pediplain
had developed at the foot of the Algarrobillo and
Corredores Pediplains (Fig. 11a, b). The local base
level for development of the Cachiyuyo Pediplain
is given by the aggradation related to the alluvial
and colluvial deposits north of 308S (Arévalo et al.
2009) and the alluvial facies within the Conflu-
encia Formation south of 308S (Figs 8a, b &
9; Emparán & Pineda 2006). South of 308S
these deposits interfinger towards the centre of
the present-day valleys with fluvial facies within
the Confluencia Formation (Fig. 8b). Therefore, the
base level for the Cachiyuyo Pediplain probably
corresponded to the original surface on top of this
facies of the Confluencia Formation that was later
modified by the pedimentation event leading to
formation of the Ovalle Pediplain (Fig. 8b; Rodrı́-
guez et al. 2013). The Cachiyuyo Pediplain was
formed during the Late Pliocene (Table 1). There
is no evidence to indicate whether incision of the
Cachiyuyo Pediplain has a tectonic or climatic
origin. According to geohistorical analysis of the
Coquimbo Formation, strong uplift of the coastal
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area from c. 2 Ma has led to the emergence of
the Tongoy Bay sediments (Fig. 9; Le Roux et al.
2006). Thus, one possibility is that uplift by
c. 2 Ma would have also affected the Coastal Cordil-
lera to the west of the Tongoy Bay. However, there
is no direct evidence pointing to tectonic-related
incision of the Cachiyuyo Pediplain (Fig. 11a, b).
Finally, according to Rodrı́guez et al. (2013)
the Ovalle Pediplain was uplifted c. 150 m, after
c. 500 ka (Fig. 11a, b).

Tectonic versus erosional controls

The similarity in elevation and the latitudinal conti-
nuity of the different levels of pediplains described
here show that the timing of Neogene surface uplift
was similar north and south of the city of La Serena
(308S). Nevertheless, two important differences
in pediplain development and preservation are
observed between both areas:

(1) North of 308S the Algarrobillo Pediplain is
covered by the Domeyko Gravels (Fig. 8a)
that were probably deposited in the Middle
Miocene within a basin disconnected from
the sea and flanked to the west by NNE
ranges. In contrast, south of 308S the same
pediplain is uncovered and more incised
according to hypsometric analysis (Aguilar
et al. 2013). In this area, the Miocene–Pleisto-
cene continental deposits from the Confluen-
cia Formation are encased within the broad
valleys that incise the Algarrobillo Pediplain
(Fig. 8b). Part of these deposits probably
corresponds to material remobilized after the
Middle Miocene from an original position on
top of the Algarrobillo Pediplain; otherwise
the Corredores Pediplain could not have
developed at high elevations. Near the coast,
the Confluencia Formation changes laterally
towards the west into the marine Coquimbo
Formation (Fig. 4).

(2) South of 308S the Ovalle Pediplain is a wide
Early–Middle Pleistocene planation surface
composed of marine and continental erosion
landforms, with the continental erosional
surfaces developed on top of the older fluvial
gravels of the Confluencia Formation (Fig.
8b). In contrast, to the north of 308S the
Ovalle Pediplain forms a much narrower
strip next to the coast that is mainly composed
of shore platforms mostly disconnected from
continental erosion surfaces inland (Fig. 8a).

In summary, a morphological and sedimentological
connection between river and coastal systems
is observed south of 308S which has existed since
at least the Early Miocene; however, it is not
detected further north. This indicates that the

drainage system south of 308S has presented a
larger capacity to incise and transport material
towards the sea than the drainage system to the
north. According to the sedimentological features
of the Domeyko Gravels (Arévalo et al. 2009) and
the palaeotopography of the Algarrobillo Pediplain,
by the Early Miocene the ability of rivers to incise
and transport was inhibited by the blocking of
the drainage exerted by high NNE-trending ranges
just to the west of the Domeyko Depression.

Presently, in spite of the lower elevation of
north–south-oriented ranges in the western
Coastal Cordillera south of 308S relative to the
NNE–NNW-oriented ranges to the north, low-
slope, depressed areas aligned with the Domeyko
Depression are also locally observed within the
Algarrobillo Pediplain south of La Serena (Fig.
2c). In Figure 2c it is also shown how rivers draining
these depressions are captured by higher-order
channels within the Elqui and Limarı́ Valleys.
Therefore, the differences in pediplain develop-
ment after the Early Miocene in both areas seem
to be related to the ability of the main channels to
capture lower-order channels (Farı́as 2007). There
are three possible explanations for this: (1) the
rocks are easier to erode south of 308S (Farı́as
2007), (2) the slope is higher south of 308S (Carre-
tier et al. 2013) or (3) the water flow is higher
than further north (Whipple & Tucker 1999). The
first possibility is ruled out because depressions of
both areas are developed on top of the same litho-
logical units, Early Cretaceous granitoids to the
west and Lower to Upper Cretaceous volcano-
sedimentary rocks to the east. The second possibil-
ity is rejected because the regional slope would
depend on previous topography (before the Early
Miocene) being dominated by the Main Incaic
Range that, according to palaeomagnetic data,
diminishes in importance south of 318S. The last
possibility is the favoured explanation because
water flow depends on the drainage area and pre-
cipitation. Indeed, the areas drained by the Elqui,
Limarı́ and Choapa Rivers are evidently higher
than the area drained by the rivers in the Domeyko
Depression (Fig. 2c). However, the high order of
the main channel of the Huasco Valley indicates
that its drainage area is also significant and similar
to the areas drained by the Elqui, Limarı́ and
Choapa Rivers. This suggests that drainage area
could be an important, but not dominant, factor
controlling landscape evolution in the study area.
However, it is observed that precipitation rises
from ,100 mm a21 to .200–300 mm a21 south
of 308S (Fig. 2a). This latitude marks the north-
ernmost penetration of the southern hemisphere
westerlies, which bring moisture from southern
latitudes, opposite to the effect of the Southeast
Pacific Anticyclone, the main factor responsible
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for the hyperaridity of the Atacama Desert to the
north. The latitudinal precipitation gradient was
acquired after the Middle Miocene by a combination
of a series of events including glaciations in West
Antartica, formation of the Humboldt Current and
uplift of the Andes (Le Roux 2012). Thus, it is pro-
posed here that a rise in water flow due to higher pre-
cipitation south of 308S would have played an
important role in determining the differences in geo-
morphological evolution observed north and south
of 308S since the Middle Miocene. Such a precipi-
tation gradient could have been superimposed on
the previous palaeotopography that presented an
inherited Incaic component along the Coastal Cor-
dillera, north of 308S, and along the Frontal Cordil-
lera, north of 318S. Thus, the palaeotopography
inherited from the Eocene–Oligocene (Incaic)
phase of uplift and deformation would correspond
to a dominant factor controlling Neogene landscape
development in the study area.

Uplift timing throughout the study area closely
correlates with episodes of increased deformation
recognized throughout the western flank of the
Andes to the north of 278S and to the south of
338S. The Early (Middle?) Miocene uplift stage of
the eastern Frontal Cordillera correlates with a
period of intense deformation along the western
border of the Altiplano of northern Chile (Pinto
et al. 2004; Victor et al. 2004; Farı́as et al. 2005)
that is also recognized in southern Perú (Megard
1984) and with the tectonic inversion of the exten-
sional volcano-sedimentary Abanico Basin in
central Chile south of 328S (Charrier et al. 2002).
The Late Miocene uplift stage of the western and
eastern Coastal Cordilleras correlates with regional
uplift of the forearc region recognized in southern
Perú (Tosdal et al. 1984; Clark et al. 1990; Quang
et al. 2005; Schildgen et al. 2007), northern Chile
(Hoke et al. 2007), the Southern Atacama Desert
(Riquelme et al. 2007) and central Chile south of
338S (Farı́as et al. 2008a, b; Maksaev et al. 2009).
The post-500 ka uplift of the Ovalle Pediplain corre-
lates with a renewal of uplift of marine landforms
along the Pacific coast post 400 + 100 ka after an
Early–Middle Pleistocene period of relatively
slow uplift identified to the north of La Serena
(308S) by Regard et al. (2010). Uplift of the
Ovalle Pediplain also correlates with Pleistocene–
Holocene uplift of pediments and other continental
landforms along the forearc of southern Peru and
northern Chile (González et al. 2003, 2006; Kober
et al. 2007; Hall et al. 2008; Saillard et al. 2009;
Jordan et al. 2010).

Increased deformation by the Early (Middle?)
Miocene would be explained by a more intense
stress transmission and widespread strain due to an
increased plate convergence rate (Charrier et al.
2009, 2013) after break-up of the Farallon Plate

into the Nazca and Cocos Plates (Pardo-Casas &
Molnar 1987; Somoza 1998). The driving forces
for Late Miocene and Middle Pleistocene uplifts
are still unclear and a matter of great debate in the
case of the Late Miocene (Garzione et al. 2006;
Barnes & Ehlers 2009), but determining these
driving forces is beyond the scope of the study.
However, the fact that Late Miocene and Middle
Pleistocene uplifts are recognized for such a vast
area from southern Perú to central Chile suggests
that they were controlled by first-order tectonic
features.

Conclusions

Prior to c. 17 Ma an extensive pediplain sloping
down to sea-level dominated the landscape west
of an inherited Main Incaic Range mainly exposed
in the present-day Frontal Cordillera (Fig. 11a, b).
North of 308S, this pediplain extended across
the entire present-day Coastal Cordillera and was
not completely sub-planar as it already presented
a slight inherited relief flanking the Domeyko
Depression to the west (Fig. 11a). In contrast,
south of 308S the pediplain extended across the
present-day Coastal Cordillera, progressively
diminishing in elevation towards the sea (Fig. 11b).

In the Early (Middle?) Miocene the pediplain
was offset by a series of north–south-trending
faults (Fig. 11a, b). The eastern Coastal Cordillera
was uplifted with respect to the western Coastal
Cordillera throughout the entire study area (Fig.
11a, b). Importantly, offset of the original pediplain
is co-eval with a significant period of uplift and
exhumation in the Frontal Cordillera to the east.
Uplift led to the formation of a secondary topo-
graphic front within the present-day Coastal Cordil-
lera and concomitant deposition next to the scarp.
Aggradation to the west of the scarp and develop-
ment of degradational pediplains at high eleva-
tions by the Late Miocene (Fig. 11a, b) may have
been favoured by the establishment of the observed
latitudinal precipitation gradient throughout the
study region after the Middle Miocene (Le Roux
2012). North of 308S the aggradational deposits
accumulated within the Domeyko Depression (Fig.
11a). In contrast, south of 308S the absence of
a topographic barrier to the west and probable
higher precipitation rate compared to the north pre-
vented preservation of the aggradational deposits,
which were later remobilized (Fig. 11b).

By the Late Miocene, the entire Coastal Cordil-
lera was uplifted (Fig. 11a, b). South of 308S,
uplift generated a rejuvenation of the drainage
system, generating material that had previously
accumulated to the west of the secondary topo-
graphic front and which was remobilized and
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redeposited by fluvial systems similar to those of the
present-day (Fig. 11b). Between the Early and
Middle Pleistocene a new pediplain, partly carved
on top of these deposits and connected with shore
platforms towards the coast, developed southwards
from La Serena, whereas to the north only the
shore platforms developed (Fig. 11b). Finally, this
pediplain was uplifted post-500 ka.

The uplift stages recognized for the study area
correlate with episodes of increased deformation
widely recognized throughout the western flank of
the Andes both to the north and to the south of
the study area. Uplift by the Early (-Middle?) Mio-
cene correlates with the Late Oligocene–Early
Miocene episode of increase plate convergence
between the Nazca and South American Plates, but
the driving forces for Late Miocene and Middle
Pleistocene uplift remain unclear. The differences
in landscape development recognized between the
regions located to the north and south of 308S,
respectively, are probably related to differences in
the previous palaeotopography along the western
Frontal Cordillera and the first-order climatic transi-
tion at 308S that defines the southernmost reaches
of the Atacama Desert.
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2006. K-Ar and 40Ar/39Ar geochronology of super-
gene processes in the Atacama Desert, Northern
Chile: tectonic and climatic relations. Journal of the
Geological Society, 163, 107–118, http://dx.doi.
org/10.1144/0016-764904-161.
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sité de Toulouse III, (inédito), Santiago–Toulouse.

Farı́as, M., Charrier, R., Comte, D., Martinod, J. &
Herail, G. 2005. Late Cenozoic deformation and
uplift of the western flank of the Altiplano: evidence
from the depositional, tectonic, and geomorphologic
evolution and shallow seismic activity (northern
Chile at 19 degrees 308S). Tectonics, 24, TC4001,
http://dx.doi.org/10.1029/2004TC001667

Farı́as, M., Charrier, R. et al. 2008a. Late Miocene
high and rapid surface uplift and its erosional response
in the Andes of central Chile (338–358S). Tectonics,
27, Tc1005, http://dx.doi.org/10.1029/2006tc002046

Farı́as, M., Charrier, R. et al. 2008b. No subsidence in
the development of the Central Depression along the
Chilean margin. 7th Symposium on Andean Geody-
namics, Nice, France, 2–4 September, 206–209,
Institute de recherche pour le développement (IRD).
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durante el Neógeno. Thesis, Departamento de Geolo-
gı́a, Universidad de Chile.

Garzione, C. N., Molnar, P., Libarkin, J. C. & Mac-

Fadden, B. 2006. Rapid late Miocene rise of the
Andean plateau: evidence for removal of mantle litho-
sphere. Earth and Planetary Science Letters, 241,
543–556.

Giambiagi, L., Mescua, J., Bechis, F., Tassara, A. &
Hoke, G. 2012. Thrust belts of the southern Cen-
tral Andes: along-strike variations in shortening,

ANDEAN NEOGENE LANDSCAPE EVOLUTION 443

 by guest on October 9, 2018http://sp.lyellcollection.org/Downloaded from 

http://dx.doi.org/10.1130/G33735.1
http://dx.doi.org/10.1130/G33735.1
http://dx.doi.org/10.1130/G33735.1
http://dx.doi.org/10.1029/2005JF000294
http://dx.doi.org/10.1029/2005JF000294
http://dx.doi.org/10.1029/2005JF000294
http://dx.doi.org/10.1029/2004TC001667
http://dx.doi.org/10.1029/2004TC001667
http://dx.doi.org/10.1029/2006tc002046
http://dx.doi.org/10.1029/2006tc002046
http://sp.lyellcollection.org/


topography, crustal geometry, and denudation. Geo-
logical Society of America Bulletin, 124, 1339–1351,
http://dx.doi.org/10.1130/B30609.1
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