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We analyze the Pampean foreland (the Pampas) along the modern flat-slab segment of the south-central
Andes between 31° and 33° South latitude and to the east of the Argentine “flat-slab” province, using flexural
and gravity studies and computations of dynamic topography. Bouguer anomalies and flexural analysis
predict a foredeep of ∼250 km width and a peripheral bulge amplitude of ∼25 m, which match the regional
morphologies of the modern Argentine Pampean Plain. However, these studies do not account for the
subsurface Miocene–Quaternary basin preservation, represented by sedimentary thicknesses N400 m and
with depocenters N400 km eastward with respect to flexural models. The discrepancy suggests that two
mechanisms, acting at different wavelengths, influence the Argentine Pampas. The basin preservation is
likely the result of a large-scale geodynamic forcing. Models of mantle flow, driven by realistic flat-slab
subduction geometry and density contrasts, reproduce the depocenter location and the wavelength of
subsidence as well as most of the remaining amplitude. Nonetheless, more sophisticated studies (e.g.
considering lateral viscosity variations in the mantle wedge) might help reduce the dynamic amplitudes and
better reproduce the observed geological record.
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1. Introduction

Tectonic topography driven by crustal shortening is often
considered the main control for bending and flexure of the
lithosphere. It is this flexure, which is responsible for generating the
accommodation space necessary for foreland basin systems (DeCelles
and Giles, 1996). In the Central Andes we find one of the most
outstanding natural analogues of foreland systems between the high
plateau of Bolivia and the lowlands of Brazil, at ∼16°–20° South
latitude (see Horton and DeCelles, 1997). Further south between 31°
and 33° South latitude, along the modern Pampean flat-slab segment,
the foreland basin systemmodel has not been examined. Studies have
only focused on themore proximal depocenters, close to the fold-and-
thrust belt (Jordan et al., 1993). The occurrence of east and west
vergent, deep-angle, crystalline-basement thrusts, which fragment
the foreland plains (Fig. 1), complicates the simple picture, for
example in the preservation of deep ‘broken foreland’ basins (Dávila
et al., 2007). Cratonward, eastward from the Argentina broken
foreland, the Pampean plain records hundreds of meters of Miocene
deposits in the subsurface (Marengo, 2006; Fig. 1B, C). Although this
record has been broadly classified as a foreland (Chebli et al., 1999),
the subsidence mechanisms are still not well understood. DeCelles
and Giles (1996) briefly discussed the possibility of sub-crustal
loading in the Andes, while focusing largely on supracrustal loads and
flexure. However, Dávila et al. (2007) proposed that non-isostatic
loads, related to mantle dynamics (dynamic topography), played an
important role in the configuration of the pericratonic foreland basins
in South America, especially in this region where flat subduction is
presently active, similar to the hypotheses for the formation of the
early Cenozoic Laramide basins in the Western Interior, United States
(e.g. Mitrovica et al., 1989; Liu and Nummedal, 2004). Flat subduction
is traditionally associated with large episodes of dynamic subsidence
(e.g. Liu et al., 2008). Mantle flow induces radial stresses, which
deflect the surface and directly connect Earth's interior processes with
crustal deformation and basin formation (e.g., Pysklywec and
Mitrovica, 1999). Elucidating this connection and constraining these
processes from long to short wavelengths are central to gain a better
understanding of the connection between mantle dynamics and
surface subsidence and uplift. The flat slab segment of the Central
Andes in Argentina is an ideal location because the slab geometry is
well known from Miocene times (Kay and Mpodozis, 2002) and the
foreland basins are superbly preserved. We conducted an integrated
basin analysis along the Andean foreland at ∼31° South latitude
between the easternmost basement highs of the broken foreland and
the Argentine plain (∼65°–63° West longitude) (Fig. 1B), combining
flexural modeling with geomorphologic, stratigraphic and
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Fig. 1. (A) Study area within the S-Central Andes and location of the broken foreland and Pampas to N900 km from the trench. (B) Digital elevation model of the modern Argentine
foreland depicting the major morphological units. White lines are isopachs (meters), embracing deposits from Mio–Pliocene to Present, and black lines are dynamic topography
(meters) calculated in this work. The morphological profile A–B is shown in Fig. 2. (C) Stratigraphic cross-section (after Marengo, 2006). Location of the section is shown in the
bottom of Fig. 1(B). The gray layers are marine beds, whereas the dot-pattern strata are alluvial successions. b1, b2, b3, b4 and b5 are boreholes.
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geophysical studies along with mantle flow calculations of dynamic
topography.

2. Tectonic setting, geology and geomorphology

Between 31° and 33° South latitude, to N500 km eastward from
the high Cordillera, the Central Andes is represented by a geological
province analogous to the Laramide orogeny in the western US, where
crystalline basement is involved in deformation (Jordan and Allmen-
dinger, 1986). This province is known as the Sierras Pampeanas
broken foreland and is formed mainly by Proterozoic to Paleozoic
basement ranges. The easternmost range is the Sierras de Cordoba,
bounded to the east by the Argentine plain, also known as the
Pampean Plain or the Pampas (Fig. 1). A recent subsurface
stratigraphic compilation and analysis (Marengo, 2006) allowed us
to reconstruct the Miocene–modern thicknesses in the Pampean plain
(Fig. 1B, C) sedimentary interval analyzed in this work. The
stratigraphy was based on N200 data from boreholes, with ages
constrained by micropaleontology, and assisted by correlation using
hundreds of kilometers of industry reflection seismic sections. The
borehole data was limited horizontally to the section shown in Fig. 1C,
although we use existing maps and seismic sections (Marengo, 2006)
across the entire foreland to put limit on the isopach map we show in
Fig. 1B.

The Cenozoic of the Pampas subsurface overlies Proterozoic to
Mesozoic units (Chebli et al., 1999; Ramos, 2008), and is composed of
≤500-m thick Oligo–Miocene (Laguna Paiva Fm) to Neogene (Chaco
and Paraná Fms) units (Marengo, 2006) (Fig. 1C). These are
essentially alluvial sequences interfingered by two shallow marine
horizons (Oligo–Miocene and Middle Miocene, cf. Marengo, 2006).
But only the middle Miocene marker (Paranaense incursion bed, see
also Hernández et al., 2005) has a particular interest for our analysis
because it constrains the tectonic loading and flexural history of the
Pampas, when the Sierras de Cordoba rose (b7 Ma, see below).

Between the Sierras de Cordoba and the Paleo–Proterozoic
cratonic areas, located to the east, five morphostructural regions
develop (Figs. 1B and 2): (1) the Sierras de Cordoba basement-
thrusting belt, with elevations between ∼3000 and ∼1000 m above



Fig. 2. Topography/morphostructure (location in Fig. 1B, profile A–B) and flexural models between the Sierras de Cordoba and the Pampas foreland using the modern relief (gray
line, F1) and a thermochronologic approach (dash lines, F2). The inset depicts details in the forebulge zone and compares the location of the modeled (flexural) and observed
(morphostructural) bulges.
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sea level; (2) an extended alluvial bajada, formed by megafans; (3)
the Mar Chiquita lake depression, limited to the east by (4) a low-
relief topography (30–40 m high), known as the San Guillermo High;
and (5) a wetland area, to the east of San Guillermo High, that hosts a
set of lagoons that make up a large and long depression
(N90,000 km2). Regions (3), (4) and (5) comprise the Argentine
Pampas. The distance between the mountain system and the San
Guillermo High is ∼230 km (Fig. 2). Brunetto (2008) interpreted two
subsurface normal faults, involving Tertiary sequences, bounding the
east and west flanks of the San Guillermo High (Fig. 2), inverted
during regional compression and draped by Quaternary loess. No
record of historical and active crustal seismicity has been described in
the Pampas.

3. Methodology

3.1. Flexural analysis

The lithospheric bending triggered by the Sierras de Cordoba
topography was computed using the 2D formulation of Cardozo and
Jordan (2001) (see Appendix A). The density values of the loads used
here are: ∂b 2700 kg/m3, where basement rocks dominate, and ∂sr
2600 kg/m3 in the foothills, where alluvial fans and Cenozoic rocks
crop out. This model assumes flexural compensation with respect to
the mantle (∂m=3300 kg/m3). Effective elastic thicknesses (Te) of 30
to 50 km were analyzed, consistent with recent geophysical
approaches (Tassara, 2005; Tassara et al., 2007; Pérez-Gussinyé
et al., 2007). Nevertheless, because this portion of the Argentine
foreland was dominantly cratonic since the Cenozoic and that our
central objective is not to fit isostatic flexural curves to the basin
geometry by changing the rigidity, we used a homogeneous (in space
and time) Te, consistent with themean values of themodern plain, i.e.
∼50 km (Pérez-Gussinyé et al., 2007). But in fact, this simplification
has no significant implications on the flexural profiles given the small
values of deformation recorded in this region (e.g., changes of 10–
20 km in Te reproduce flexural curves only 20–30 meters apart). The
influence of the compressive stress on distal foreland lithosphere was
not evaluated because GPS intraplate velocity studies have demon-
strated insignificant displacement in the Pampas (Brooks et al., 2003).

Our analysis focuses on a section spanning from the Sierras de
Cordoba topography to the Pampas plain across the modern foreland
by ∼500 km.We estimated themaximum length of loads affecting our
basin (MLB) using the model of Garcia-Castellanos et al. (2002), from
which we can calculate the distance at which loads can contribute to
the deflection of the basin. We limit our use of this model to the
maximum distance at which the load affects basin subsidence and
allows us to quickly test different load geometries. Calculations
assume an infinite 1-D thin elastic plate with constant elastic
thickness (Te), as detailed in Turcotte and Schubert (2002). Further
extension to 2 and 3-D was beyond our present scope, but has been
For Te between 40 and 50 km, the maximum load MLB is located at
∼150–100 km. Since the distance from the Pampean Plain to the
westernmost Sierras de Cordoba range (Pocho range, Fig. 1B) is
∼120 km, and the next basement range to the west is located
N200 km away, we only consider the Sierras de Cordoba as the main
topographic load. Our model assumes the high Cordillera would have
not exerted any contribution on the accommodation of the sedimen-
tary systems of the Pampean Plain.

Two loading scenarios were tested (Appendix A): (1) assuming as
load the entire modern topography of the Sierras de Cordoba (profile
A–B in Figs. 1B and 2), referred as F1, and (2) estimating the Tertiary
uplift, referred as F2, which better represents the true tectonic load. In
scenario F1, the topographic profile from the westernmost to the
easternmost part of the Sierras de Cordoba (Fig. 2) was re-drawn in
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discrete rectangles, which represents the tectonic+sedimentary
loads. In the scenario F2, the loading is a rectangle of length equal
to the width of the Sierras de Cordoba, and height equal to the uplift
estimated from available apatite fission track thermochronology (see
below).

3.2. Bouguer anomalies

For this analysis we used a total of 1400 gravimetric values located
between the Sierras de Cordoba and the Pampean Plain, obtained
from the database of the Instituto Geofísico Sismológico Volponi,
Universidad Nacional de San Juan, linked to the reference value in
Miguelete (province of Buenos Aires) in the System IGSN1971.

We calculated gravity anomalies following Hinze et al. (2005). A
normal gradient of −0.3086 mGal/m was used for the free air
correction, and a density of 2.67 g/cm3 for the Bouguer correction
(Hinze, 2003). The gravimetric observations were reduced topo-
graphically via Hayford zones up to circular zones with a diameter of
167 km using the Digital Elevation Model obtained from the Shuttle
Radar Topography Mission (SRTM) of the U.S. Geological Survey and
NASA, combining the algorithms developed by Kane (1962) and Nagy
(1966). Gravity grids were plotted using the minimum curvature
method, which is usually sufficient to regularize field pointsmeasured
at unevenly spaced stations on a topographic surface.

3.3. Dynamic topography

Deformation of Earth's surface driven by mantle flow (dynamic
topography) can influence the accommodation space balance (Gurnis,
1990), supplementing the topographic loads. We calculate dynamic
topography by solving for the radial stresses of the instantaneous
viscous flow induced in the mantle by a given 3-D mass distribution.
The equations of conservation of mass and momentum for a
Newtonian viscous fluid, together with Poisson's equation for the
gravitational potential are solved in a spherical shell via propagator
matrices (Hager and O'Connell, 1981). The method allows for radial
viscosity variations and the use of any density heterogeneity. We
computed flow at harmonic degree and order 50 (∼800 km
wavelength). We took as a starting point a radial viscosity structure
for the mantle and a global density heterogeneity model based on the
accumulation of slab remnants transported into the mantle during
subduction (Ricard et al., 1993) (Appendix A). In this model slabs are
the only source of buoyancy. Slablets are dropped vertically at the
trench and sink through the mantle with effective non-vertical dip
angles arising from trench rollback (measured as the difference in
Fig. 3. Subduction geometry used in the dynamic topography instantaneous viscous flow m
variation and a flat-slab dipping of 30° at the leading edge. The kinematics analysis of subd
trench position from tectonic stage to tectonic stage) and the viscosity
contrast between upper and lower mantle. This approach has shown
great success at reproducing the Earth's geoid and plate driving forces
(Ricard et al., 1993; Lithgow-Bertelloni and Richards, 1998). Density
contrasts between sinking slablets andmantle aremodified by the age
of the slab at the time of subduction and are as high as 72 kg/m3. These
simple kinematic slab models do not account for the dramatic
variations in dip angle of the Nazca plate along strike, and predict
vertical subduction along the margin rather than inland. To
approximate this geographic disparity we migrated the slablets to
∼64° West longitude (Fig. 3), where the flat slab submerges again
below the easternmost flank of the Sierras de Cordoba (Booker et al.,
2004). We examined the effects of a variety of viscosity structures on
the amplitude of dynamic topography (Appendix A and Fig. 3),
ranging from a lithosphere (L) whose viscosity is equal to that of the
upper mantle (UM) to one 1000 times more viscous and a lower
mantle (LM) 50–100 times more viscous than the upper mantle (LM/
UM). The predicted dynamic topography for a viscosity contrast of 50
between lithosphere and lower mantle best fits the amplitude of the
total subsidence curve shown in Fig. 4, while not significantly
degrading the fits to the global geoid. It is evident that while there
is dynamic subsidence, the depocenter is located too far to the west
with respect to the total subsidence curve, clearly reflecting the
importance of including the full slab morphology in the dynamical
calculations. To test the effects of the full slab geometry and buoyancy
below the Pampas, we constructed a model for the slab under South
America based on the morphology of Gutscher et al. (2000), with a
slab dip of 30° E at the leading edge of the flat subduction (Fig. 3). The
density contrasts of the slab (with respect to the surrounding mantle)
account for seafloor age variations during subduction and thickening
in the flat slab segment. Ages of subducted material were derived
from the seafloor age reconstructions of Müller et al. (2008) and
density contrasts for the flat-slab segment from Cembrano et al.
(2006).
4. Results

4.1. Gravity anomalies

Bouguer gravity anomalies show an inverse correlation with
elevation (Fig. 5), suggesting an isostatic compensation in the Sierras
de Cordoba region. The gravity profile reproduces the lithospheric
flexural results (see below). A broad-wavelength (∼200 km wide)
gravity “high” corresponds to the Pampean Plain (Fig. 5), with the
lesser negative values across the San Guillermo High, where the
odel, showing the mantle and lithosphere structure. Notice the lateral density contrast
uction is based on Lithgow-Bertelloni and Richards (1998).



Fig. 4. Dynamic subsidence curves using vertical subduction from the trench (cf. Ricard et al., 1993) using different viscosity contrast relationships between lithosphere and lower
mantle, 1000/100, 50/50 and 1/50. Notice that the 1/50 contrast better explains in amplitude the basin geometry. The curve ii simulates a flat slab with variations in the density
contrast between the slab and mantle (see Appendix A and Fig. 3).
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forebulge was interpreted from flexural analyses. Chase et al. (2009)
have recently found a geoid high coincident with a flexural forebulge.
However, the presence of the bulge is heavily dependent on the
bandpass filter used on the observed geoid (Husson, personal
Fig. 5. Bouguer anomaly map and profile between the Sierras Cordoba and the Pampas. Gr
cratonward (to the east). The black arrow in the profile shows the location of the observed
communication). In the Bolivian–Brazilian foreland, Ussami et al.
(1999) suggested an analogous gravity high, which correlates with
the forebulge location at those latitudes. Shorter wavelength
anomalies (10–50 km width, profile in Fig. 5) are likely influenced
ays in the map are positive mGals. Notice the less negative and positive values locate
morphostructural bulge.
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by the complex structure of the substrate of the basin, affected by
Cretaceous normal faulting reworked by slight inversion during the
Cenozoic.

4.2. Flexural analysis

The first flexural model (F1) reproduced a foredeep (distance from
the tectonic load to the forebulge) width of ∼250 km, a maximum
accommodation amplitude of ∼200 m close to the load, and a
peripheral bulge amplitude of ∼25 m (Fig. 2). These magnitudes
match remarkablywell with themodernmorphotectonic regions of the
Pampean Plain previously described, not only in wavelength and
amplitude but also in the expected depositional systems (megafans
from the load to the bulge and wetlands in the backbulge, to the east).
This scenario suggests the Sierras de Cordoba loading reproduces the
modern position of the Pampean depressions (foredeep and backbulge)
and the location of the San Guillermo High (forebulge). However, F1
does not properly account for the preserved distribution and amount of
Miocene–Present deposits, which are locally N400 m thick and
∼300 km eastward with respect to the main load (Figs. 1B, 6).

Although F1 supposes the entire modern topography is Tertiary
(maximum exhumation model), there is no Andean age thermo-
chronological data in the Sierras de Cordoba. At the base of the highest
relief (∼3000 msl), the youngest apatite fission track (AFT) age is ca.
115–111 Ma (Early Cretaceous, Jordan et al., 1989). Assuming
constant exhumation, paleogradients of ∼17 °C/km (Collo and Dávila,
2008) and an AFT closure temperature of 90 °C–120 °C, the total
exhumation since the Cretaceous would have been 5–7 km and the
mean exhumation rate of 44–62 m/my. Considering that the most
recent uplift in the Sierras de Cordoba affected ∼7 Ma volcanic bodies
(Pocho volcanoes, Kay and Gordillo, 1994), the LateMiocene–Pliocene
exhumation would instead range between 308 and 434 m. Thus, we
consider a second model (F2), which corresponds to a minimum
exhumation scenario, with a load of 100 km (the orogen width) times
308 m or 434 m (the vertical uplift estimates, Fig. 2). The flexural
wavelength is similar to F1 (∼250 km), however, the maximum
bending in the foredeep region close to the load is 119 and 143 m and
the bulge amplitude 5 and 7 m, respectively (Fig. 2), much smaller
than in F1. With this more realistic exhumation scenario it is even
more difficult to explain the preserved strata shown in Fig. 6.

4.3. Dynamic topography

Fig. 6 shows the predicted dynamic topography in the Pampean
Plain (subsidence wavelength ∼500 km and subsidence amplitudes
between ∼−600 and−800 m).When the lowermantle is muchmore
viscous than lithosphere (L/LM=1/50), the dynamic topographic
amplitude (−580.2 m) approximates to the sedimentary record
amplitude (Fig. 6). Mantle-driven forces can generate, without the
assistance of any other force or load, the accommodation spaces
Fig. 6. Dynamic subsidence with a viscosity contrast between lithosphere and lower mantle
the slab and mantle (see Appendix A and Fig. 3) and a slab leading edge dipping 30° eastwar
shows the position of the forebulge.
recorded in the Pampean foreland. However, when vertical subduc-
tion is considered (Fig. 6i), the predicted dynamic subsidence shows a
horizontal offset (∼400 km) with respect to the total subsidence
curve (Fig. 6iv). More remarkably, however, is that when the full
geometry of the flat slab segment is considered and the appropriate
lateral variation in density contrasts between the flat slab segment
and the normally dipping slab are considered, we reproduce the
depocenter location almost exactly (compare curves ii and iv in Fig. 6).
However, the predicted amplitudes are still larger than observed.

5. Discussion and conclusions

Flexural analyses and gravity studies indicate the Cenozoic uplift
and loading of the Sierras de Cordoba can reproduce the regional
morphostructure of the Pampean Plain (modern foreland), as
evidenced by the good match between the flexural curves and the
elevationmodels (Fig. 2). Yet, the Pampean basin is located behind the
west vergent, crystalline-basement thrust sheets (Figs. 1B and 2), in
opposite position with respect to the shift in deformation and loads.
Supracrustal loading yields flexural curves mirrored with respect to
the subsidence profiles so that the Pampean foreland might represent
a case of depozones developed in opposed positionwith respect to the
tectonic load migration. The influence of the Sierras de Cordoba
topography on the Pampean flexure is also evident when accounting
for the presence of the San Guillermo High (forebulge) along strike.
The spatial development of the forebulge matches the highest
altitudes of the Sierras de Cordoba (between 31° and 33° South
latitude, see Fig. 2). Normal faults (Brunetto, 2008) on both sides of
the San Guillermo forebulge (Fig. 2) are in favor of a flexural origin for
this high, which can be reconciled in a bending-driven stretching
setting (see Dávila et al., 2007).

The Mar Chiquita depression, located in the most distal foredeep
(see Fig. 1), can be interpreted as a terminal alluvial belt dammed by
the topographic closure of the San Guillermo forebulge. This indicates
the modern Pampean foredeep is a modern case of an underfilled
foreland basin dominated bymegafan sedimentation. Basin starvation
has been also proposed by numerical calculations (Pelletier, 2007).
The occurrence of extended lagoons to the east of the forebulge
(Fig. 1) reinforces a backbulge depozone interpretation for the areas
located eastward of the San Guillermo High.

However, and more remarkably, although the flexural models
reproduced the modern foreland morphostructure, they do not
account for the subsurface sedimentary record (in magnitude and
distribution, see Fig. 6). In fact, the curious geometry (Figs. 1B and 6iv)
of the sedimentary record with the deepest preserved record to the
east, suggests a likely erosion of the proximal depocenters close to the
easternmost side of the Sierras de Cordoba during the basement-
thrusting shift and previous to Pleistocene loess accumulation. This is
in stark contrast to most foredeep depocenters, where the maximum
subsidence occurs close to the loading (i.e. next to the topographic
= 1/50 (best fit) simulating a flat slab, with variations in the density contrast between
d. Flexural (ii) and total subsidence (iii) curves are shown as reference. The black arrow



Fig. 8. Tectonic and geodynamic model showing the mechanisms competing at
different wavelengths in the Argentine Pampas. While the shorter wavelengths are
related to shortening and tectonics, the larger wavelength is connected to mantle-
driven dynamics (dynamic topography).
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highs). Independent of the incompleteness of the stratigraphic record
close to the tectonic loads, the preserved basin profile is significantly
offset with respect to the flexural calculations. The most conservative
explanation is to think that the late Tertiary accommodation spaces
(amplitudes) were, in part, inherited from earlier subsidence stages
(early Tertiary or Mesozoic) or accommodated by compaction. On the
basis of industry borehole data (Chebli et al., 1999), we discarded
compaction of underlying strata as a subsidence mechanism (Fig. 7).
The post-filling accommodation generated during burial of the
Miocene–Modern successions (Fig. 7) is almost imperceptible.
Because the middle Miocene marine strata were bent during the
forebulge upwarping, locally capped by ∼99 kyr loess beds (Brunetto,
2008), the loading andmajor subsidence episodes should postdate the
Miocene marine incursion of central Argentina. Thus, the forebulge
would have been uplifted during the Late Miocene–Pleistocene
sedimentation break.

Therefore, it is likely that two different geodynamic processes are
competing at different wavelengths (Fig. 8). While topographic
loading explains the Pampasmorphotectonics, the longerwavelength,
expressed by the basin preservation, may be clearly driven by the
dynamics of flat subduction as shown by Fig. 6. Non-isostatic loads,
induced by slab sinking, trigger a significant negative dynamic
topography in the pericratonic foreland and in the Pampean plain.
Our mantle flow models demonstrate the best fit occurs when
accurate geometry and density fields are incorporated in the
calculations. The stress field generated by the sinking of slab material
into the upper and lower mantle has an enormous contribution to
Earth's surface topography. In fact, Pardo et al. (2002) demonstrated
the presence of a remarkable vertical stress component in this region
between 100 and 200 km depth, which might have been driven by
mantle forces.

However, cumulative values of dynamic subsidence plus flexural
tectonic subsidence are still much higher than the preserved
stratigraphic thicknesses (total subsidence curve). Moreover, mantle
dynamic modeling suggests overcompensation from the loads to the
Pampean Plain, between ∼0.8 and 0.5 km, which is in conflict with the
Fig. 7. Decompaction analysis (using OSXBackstrip by Cardozo, N.) that performs a 1D
Airy backstripping with exponential reduction of porosity (Allen and Allen, 1990). Note
the compacted and decompacted curves are imperceptible and overlapped, suggesting
no accommodation by compaction of older units during the subsidence history.
Stratigraphic and sedimentological data were supplied from a N5000-m depth oil
borehole (see Webster et al. 2004 for details). Petrophysical properties (porosity and
grain densities) were taken from Allen and Allen (1990).
gravity analyses. But our gravity and geoid/topography models are
simple. The gravity model assumed a normal crust but the Pampas
basement is a combination of two contrasting Protorezoic/Paleozoic
terranes (Favetto et al., 2008), strongly affected by the Atlantic
opening. The geoid, in turn, at degrees greater than 10 (wavelengths
∼4000 km) is influenced by loads much shallower than those used
here (Ricard et al., 2006). Lateral variations in viscosity, not included
by the flow models, can localize subsidence sharply (Billen and
Gurnis, 2001). Likewise, the location of density anomalies within the
mantle and the lateral and radial density contrasts with the
asthenosphere is likely more complex than we assumed here. More
sophisticated studies of mantle flow, coupledwith geophysical studies
of the subsurface in this region, will allow us to solve these
uncertainties and constrain the coupling between lithospheric
deformation and mantle processes in an active orogen, which may
also provide insight into orogenies influenced by flat-slab subduction
such as the Laramide.
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