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1. Introduction
[1] In a recent contribution, Armijo et al. [2010] provided

a provocative model to interpret the kinematics and style of
deformation of the central Andes at ∼33°S latitude (SL) in
which they suggested that the Andes grew trenchward
instead of cratonward. They challenge not only the
hypothesis on building of the Andean belt but also the
critical taper wedge model [Davis et al. 1983] and histories
of thrust tectonics of different subduction systems like the
South and North American Cordilleras. Armijo et al. [2010]
assume that the “main” orogenic loading (represented by the
cordilleran shortening) shifted westward generating a
“foreland basin”: the Chilean Central Depression, bounded
to the west by the Coastal Cordillera.
[2] Our discussion is focused on the development of

Andean basins and associated synorogenic sedimentary
stratigraphy. We present three main lines of reasoning that,
in turn, are interrelated: (1) thrust shifting, (2) basin for-
mation along the Argentine foreland (considered explicitly
by Armijo et al. [2010] as back‐thrust‐related basins), and
(3) the Chilean Central Depression: a foreland basin?

2. Thrusting
[3] According to the critical taper wedge model [Davis et

al. 1983; Stockmal et al., 2007], and disregarding isostatic
compensation, the topographic and décollement dips (usually
a and b, respectively) control the migration of deformation
out of the zone of highest topography. When a certain
critical angle (a + b) is exceeded (see Davis et al. [1983]
and Hilley et al. [2004] for a specific example at this lati-
tude in the Andes), the taper wedge rearranges, triggering
forward deformation to reduce a + b. This is translated into
propagation of thrusts toward the regions of lower altitude
(forward thrusting). In the Andes, the applicability of these
mechanical principles has been clearly documented on the
eastern flank, along the Principal Cordillera, the Frontal
Cordillera, and the Argentine Precordillera fold and thrust

belts [see Allmendinger et al., 1990; von Gosen, 1992;
Giambiagi and Ramos, 2002; Ramos et al., 1996, 2004;
Cristallini and Ramos, 2000; Jordan et al., 2001;Hilley et al.,
2004; Vergés et al., 2007, and references therein]. In these
regions, the growth and synorogenic strata were progres-
sively incorporated to the wedge top (i.e., the zone of
thickened crust and high topography), while the thrust sys-
tem migrated to the east. Jordan et al. [1993, 2001] have
presented excellent reviews of the thrusting kinematics
based on strata relationships. These details, however, cannot
be explained kinematically nor mechanically using the
Armijo et al. [2010] model, given that if the critical taper
wedge migrates in the opposite sense, the thrust faults that
adjust the position of mass in order to keep a stable wedge
(a + b) also would migrate to the west. Although back
thrusting (as well as out‐of‐sequence thrusting) might also
assist to keep the wedge critical, the sequence of the indi-
vidual faults should young toward the hinterland (to the
west). This is not what is happening, as previously sug-
gested. The propagation of shortening to the east, within the
Precordillera, and the modern measurements of absolute
crustal motion (also to the east), documented with GPS
velocity fields [Brooks et al., 2003], are also in conflict
with the Armijo et al. [2010] hypothesis.

3. Basin Formation Along the Argentine
Foreland
[4] The kinematics of the thrust system and loading events

on the eastern side of the Andean belt are strongly linked to
basin formation. The wedge top migration and transport of
orogenic topography to the east produced a progressive
cratonward shifting of the tectonic load and, consequently,
of the accompanying foreland depozones [cf. DeCelles and
Giles, 1996] in that same direction. According to well‐
documented isopach maps for several of the foredeep basins
in Argentina [Yrigoyen, 1993; Jordan et al., 2001, Astini et
al., 2005, and references therein], the areas of maximum
thickness of synorogenic strata have progressively moved
eastward since ∼20 Ma, developing accumulations �5 km
thick in the modern transition zone between the Pre-
cordillera fold and thrust belt and the basement‐involved
Sierras Pampeanas [e.g., Fielding and Jordan, 1988; Zapata
and Allmendinger, 1996]. In fact, at the latitude where Armijo
et al. [2010] have decided to interpret their cross section
across the Andes, the thicknesses of the synorogenic strata
within the foreland has been sufficient to cause diachronous
maturation of hydrocarbons in the productive Cuyo basin
in Mendoza [Yrigoyen, 1993]; hence it is definitely not a
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“relatively shallow Cenozoic basin,” as suggested by Armijo
et al. [2010].
[5] This body of evidence cannot be explained using the

opposite‐vergent tectonic wedge of Armijo et al. [2010],
given that the migration of tectonic loads would be in the
opposite sense, with a resultant westward migration of the
depozones and consequently of the foredeep strata (retro-
gradation or backward migration of the depozones). More-
over, this is strongly in conflict with the synorogenic
stratigraphic arrangements, provenance, and paleoenviron-
mental development [see Johnson et al., 1986; Beer and
Jordan, 1989; Reynolds et al., 1990; Yrigoyen, 1993;
Damanti, 1993; Jordan et al. 1990, 1993, 2001; Milana et
al., 2003] that show remarkable coarsening‐ and thicken-
ing‐upward sequences, fully compatible with typical fore-
land basin dynamics (see Jordan [1995] for a thorough
review).

4. Chilean Central Depression: A Foreland
Basin?
[6] As previously noted by many workers [e.g., Jordan et

al., 1993], both the synorogenic basin fill and the thrust
wedge in the central Andes are impressively developed
along the eastern side of the orogen, indicating a major
asymmetry of the sedimentary flow in response to orogenic
growth. This is in agreement with the dominant vergence of
Andean structures and the well‐established eastward propa-
gation of deformation [James, 1971; Allmendinger et al.,
1983, 1990; Jordan et al., 1983, 1993; Ramos 1988, 2009;
Mpodozis and Ramos, 1989;Kley et al., 1999;Cristallini and
Ramos, 2000; Giambiagi et al., 2001, 2003; Coutand et al.,
2001; ANCORP Working Group, 2003; Ramos et al., 2004;
Kay et al., 2005; Oncken et al., 2006].
[7] To the western side of the Cordillera, the Chilean

Central Depression, immediately west of the inferred active
main mountain front (WAT of Armijo et al. [2010]), is essen-
tially a nonsubsiding, erosional, starved basin [Farías et al.,
2008a, 2008b]. This “basin” accumulates only a few hundred
meters of Quaternary alluvium, whereas Mio‐Pliocene accu-
mulations comparable to those in the Argentine counter-
part are basically absent. This, together with the previous
considerations, makes it very difficult to consider the Cen-
tral Depression a “western foreland.”
[8] Armijo et al.’s [2010] Figure 8a (addressed in their

section 4.6) portrays that the uplift of the Coastal Cordillera
could be interpreted as an “elastic fore‐bulging ahead of the
foreland flexure,” driven by the WAT and “consequent
loading by the weight of the Andes.” Not only is there no
sedimentologic or stratigraphic evidence provided to support
such an interpretation, the flexural hypothesis is incompatible
with preliminary flexural calculations. In the Armijo et al.
[2010] “model,” the wavelength of the “western foreland”
is ∼20 ± 10 km and the fore‐bulge amplitude is of thousands
of meters. No mechanically coherent approach can explain
these magnitudes, even considering underestimations or
overestimations of the tectonic loads and the elastic thick-
ness. Also the “fore‐bulge” wavelength far exceeds the
wavelength of the supposed “foredeep,” something in open
contradiction with flexural mechanics [Turcotte and

Schubert, 1982; Watts, 2001]. Furthermore, it is very diffi-
cult to understand why the Central Valley “foreland” basin,
which should have been several kilometers deep (between 4
and 6 km according to our calculations using the Cardozo
and Jordan [2001] approach, for the loads reconstructed
from Armijo et al.’s [2010] Figure 8a and elastic thick-
nesses between 20 and 40 km as suggested by Tassara et al.
[2007]) should be sediment starved. The evolution of the
Argentine foreland basins, facies patterns, sediment prove-
nance, subsidence, the age of the sedimentary fill, and its
relations with deformation and uplift has been thoroughly
studied [e.g., Flemings and Jordan, 1990; Jordan, 1995].
However, none of these aspects were considered in any
detail by Armijo et al. [2010] in reaching their interpretation
that both the Coastal Cordillera and the Central Depression
are a “western foreland,” thus showing a poor understanding
of foreland basin dynamics and the generation of accom-
modation space in a growing orogen. Nothing in their
analysis of the Chilean Central Valley, lying between the
subduction zone and the adjacent parallel magmatic arc,
leads us to doubt the conventional view [cf., Dickinson,
1995] that the Central Depression is a part of the fore arc.

5. Final Remarks
[9] Orogenic models need to consider mass balance

transfer during orogenic buildup, and this means that sedi-
ments and the sedimentary record cannot be ignored. This
provocative new model for the Andes fails to account for
the impressive foreland basin system developed along the
eastern side of the Andean orogen. Contrary to this, the
WAT, the active side of the orogen as interpreted by Armijo
et al. [2010], shows minor associated sedimentation, and
counterintuitively their “back‐thrust system” provides in-
stead the major sediment source. This is against general
theory and modeling of sediment flow across orogens as a
response of surface processes to tectonic and climate forcing
[Beaumont et al., 1992, 2000; Kooi and Beaumont, 1996;
Stolar et al., 2006;Whipple and Meade, 2006]. These works
demonstrate the importance of surface processes and sedi-
ment flux in relation to tectonic and climate forcing, im-
plying a linear behavior and response to surface uplift and
strong asymmetry of sediment delivery. In the west vergent
orogen of Armijo et al. [2010], the major topographic slopes
located along the west side of the system should have en-
hanced precipitation and moisture discharge from the Pacific
side of the orogen at ∼33°SL, at least since the middle
Miocene [e.g., Alpers and Brimhall, 1988; Jordan et al.,
1997]. This should make an excellent combination to gen-
erate a large delivery of synorogenic sediments toward the
inferred proforeland (the Central Depression in the Armijo
et al. [2010] model) as well as a large magnitude of tec-
tonic subsidence in which to preserve the sediment. Never-
theless, a Miocene‐Quaternary sedimentary succession is
poorly represented in the Chilean side, whereas on the
Argentine slope, under a rain shadow effect, several thou-
sand meters of Neogene sediments are recorded. So, how can
the Chilean slope be interpreted as the leading edge of the
tectonic wedge without maximizing the efficiency of sedi-
ment delivery, mass flux (with the natural orogenic asym-
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metry given by WAT plus climate forcing induced erosion),
and sedimentary storage? Had Armijo et al. [2010] consid-
ered this question, their hypothesis might have been more
robust.
[10] Any reasonable alternative to the currently accepted

paradigm for development of the Andes (considered as the
archetype of a mountain belt associated with subduction)
has to keep in mind the unroofing history and the various
feedback effects, including contrasting sedimentation and
subsidence in retroside and proside of the orogen. Moreover,
stratigraphic evidence should be kept in line with structural
and geophysical observations. The sedimentary record in
central Argentina and Chile contradicts a primarily west-
ward vergence with a dominant influence of structures like
the suggested WAT, thus raising substantial doubt that this
case illustrates intracontinental subduction and “a mechanical
substitute of a collision zone” as suggested by Armijo et al.
[2010].
[11] The interpretation of Armijo et al. [2010] cannot

explain the asymmetric distribution of synorogenic strata
along the southern central Andes. Moreover, the excellent
age constraints available for synorogenic deposits in the
Argentine foreland do not support a southward younging of
deformation as suggested by Armijo et al. [2010]. Absent
that younging to the south, Armijo et al.’s [2010] proposal

that the Andes at 33°SL are today under an “incipient stage
of uplift” that might, eventually, evolve into a wider
plateau‐like morphology, similar to the Altiplano‐Puna,
seems like mere speculation.
[12] Last but not least, to propose that the Andes at ∼33°SL

represent a belt “in an early stage of its evolution” seems also
somewhat of an oversimplification, because as stated before,
there is more than 20 Ma record of synorogenic strata along
the southern central Andes retroforeland [e.g., Ramos, 2009].
Clearly, this segment of the Andes is not in a stage of
incipient orogenic growth. On this subject, the authors are in
dire need of review of the complete and continuous synoro-
genic record preserved in western Argentina. Furthermore,
their two‐dimensional oversimplification ignores the impor-
tant role of segmentation along the Andes that has been the
matter of active research during the last 20 years or so [see
Ramos, 2009, and references therein].
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