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The San Rafael Block (SRB) is part of one of the main retroarc volcanic provinces in southern Central
Andes in Mendoza, Argentina. This block is located in the Andean foothills between the orogenic front
and foreland basement uplifts of late Miocene age. In order to analyze the geochronological evolution of
the Quaternary volcanism in the region, several geologic and geophysical studies have been conducted.
Nevertheless, the crust, where the SRB is located, has not been well characterized yet.
Based on gravimetric and magnetic data, together with isostatic and elastic thickness analyses, we
modeled the crustal structure of the area. Information obtained has allowed us to understand the crust
where the SRB and the Payenia volcanic province are located. Bouguer anomalies indicate that the SRB
presents higher densities to the North of Cerro Nevado and Moho calculations suggest depths for this
block between 40 and 50 km. Determinations of elastic thickness would indicate that the crust supporting the San Rafael Block presents values of approximately 10 km, being enough to support the block
loading. However, in the Payenia region, elastic thickness values are close to zero due to the regional
temperature increase.
Ó 2017, China University of Geosciences (Beijing) and Peking University. Production and hosting by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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1. Introduction
The Nazca-South America convergence rate of approximate
6.3 cm/yr (Kendrick et al., 2003) and the geometry of the subduction zone are two of the main factors controlling the geodynamics
of the SRB region producing variations on the distribution of
volcanism and seismicity (Jordan et al., 1983; Gutscher et al., 2000;
Kay and Mpodozis, 2002). The volcanism of the back-arc to the
south of 34.5 S is attributed to the steepening of the oceanic plate
after a period of ﬂat subduction at these latitudes (Kay et al., 2006;
Ramos and Folguera, 2011). Particularly, the volcanism associated
to the SRB is related to a middle Miocene to early Pliocene arc
expansion from the near bark-arc to the far back-arc whose pattern
shows an increase in the typical arc-related chemical signature
components (Ramos and Folguera, 2011). Magmatism in the area
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reﬂects the maximum development of the Payenia shallow-angle
subduction zone between 15 Myr and 4 Myr.
Litvak et al. (2015) recognized two stages of arc-related volcanism: a ﬁrst stage that corresponds to the oldest volcanic centers
(15e10 Myr) and a second one comprising the younger volcanic
centers (8e3.5 Myr). The spatio-temporal relationships between
volcanic centers and their geochemistry are the records of the
shallowing of the subducted slab and the formation of the Payenia
shallow subduction segment at these latitudes.
The area under investigation, with steep topography reaching
heights of 2500 m, presents crustal seismic activity although it has
been considered as a region with high crustal temperature. In order
to analyze the crustal isostatic behavior of the San Rafael and
Payenia Block region, we added new gravity and seismic data to the
existing information. Using a double data input method
(Braitenberg and Zadro, 1999): (1) the topographic load and (2) the
geometry of the Moho by gravimetric inversion, we calculated the
elastic thickness of the lithosphere. Finally, we inverted the residual
Bouguer gravity anomaly and constructed a density model of the
upper crust.
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2. Tectonic setting
2.1. Geophysical background
Several studies have been carried out near the analysis area.
Brasse and Soyer (2001), based on magnetotelluric proﬁles (MT),
identiﬁed points of high electrical conductivity in the crust and
interpreted them as deposits of magma and/or volatiles. Later, Yuan
et al. (2006) proposed a crustal thinning (of approximately 33 km)
utilizing seismological receiver functions analysis. Gilbert et al.
(2006) found seismic velocities related to the Moho in the southern region of the study area. Conversely, Folguera et al. (2007, 2012)
modiﬁed the 3-D density model from Tasarova (2004) and found an
attenuated crust of approximately 200e250 km width (related to a
positive residual gravity anomaly) coincident with the low velocity
zone determined by Wagner et al. (2005) and Gilbert et al. (2006).
More recently, Burd et al. (2014) proposed two deep plumes of high
electrical conductivity based on 3-D magnetotelluric data inversion. One of these plumes, dipping to the east, would be located at
5 km under the Payenia region extending to approximately 347 km.
The second plume would be shallower and located below the Payun
Matru volcanic ﬁeld, extending between 7 and 130 km depth,
dipping westward over the subducted oceanic plate.
Seismological regional experiments were made by Bohm et al.
(2002) and Anderson et al. (2007). Lupari et al. (2015) and
Spagnotto et al. (2015) studied local seismological events reporting
scarce seismicity associated with the San Rafael Block, where a few
seismic events could be related to the Malvinas fault. They also
found intermediate-depth seismicity associated to the lithospheric
mantle.
On the other hand, Pesicek et al. (2012) proposed a detailed
model of the ﬂat slab and its transition to a more moderate slabdipping angle in the Maule region. This research was based on
tele-seismic data and a seasonal network of seismological stations,
which registered the aftershocks of the Maule 2010 earthquake. To
the South of the Maule region, these authors imaged a steeply
dipping relic slab from w200 to 1000 km in depth. This slab is
different from the moderately dipping slab above it and from the
northern slab at similar depths.
2.2. Geological framework
The San Rafael Block is located at approximately 35 S and
68.5 W in the South-Central region of Mendoza province,
Argentina (Fig. 1). This morpho-structural unit is mainly composed
of pre-Carboniferous units (Meso-Proterozoic to Devonian age) and
upper Paleozoic sedimentary and volcanic-clastic units (upper
Carboniferous and Permian). It presents signiﬁcant development of
Gondwanic Permo-Triassic magmatism and conspicuous Cenozoic
volcanism (Caminos, 1999). The pre-Cambric basement and early
Paleozoic covering have been interpreted as part of the allochthonous terrain Cuyania (Fig. 1), of Laurentic origin (Ramos, 2004).
The Gondwanic magmatism in the SRB is represented by the
Choiyoi magmatic cycle of Permian and Triassic age, which could be
divided into an upper and a lower section (Llambías et al., 1993)
representing a change in the tectonic regime from contractional to
extensional. The lower section (lower Permian) represents typical
continental arc magmatism of convergent margins, while the upper
section (upper Permianelower Triassic) indicates the transition
towards an extensional continental intraplate environment
(Kleiman and Japas, 2009).
One of the hypotheses of the magmatic and structural evolution
of this region proposes the ascent of asthenospheric ﬂow due to the
steepening of the Nazca plate after a period of horizontal

subduction (Kay et al., 2006). Geochemical, tectonic and dating
studies (Kay and Copeland, 2006; Kay et al., 2006) suggest that the
subducted Nazca plate became shallower in the past 20 Myr
expanding the magmatism to the East. During this compressive
regime period, the fold-and-thrust belt of Marlagüe was formed.
Then, the deformation migrated to the east allowing the rise of the
SRB in the late Miocene (Ramos and Kay, 2006; Litvak et al., 2008;
Ramos and Folguera, 2009, 2011).
Subsequently, 5 Ma ago started an increase in the angle of dip of
the oceanic plate until it reached its current angle. This could have
produced the retreat of the magmatic arc to its actual position.
Extensional collapse of uplifted areas and the basalts eruption in
the Andean back-arc forming the volcanic ﬁeld of Payenia are
evidence of this (Ramos and Folguera, 2005; Ramos and Kay,
2006).
To the south of 33.5 S, the deformation is localized at Cordillera
Principal. Although the foreland is slightly structured in some
sectors (Ramos, 1999), along this segment a decrease of the Andean
topography towards the South can be observed. This could be
associated to a decrease in the crustal thickness, with 4700 m
height and 65 km of maximum crustal thickness at 33 S and
2300 m and 49 km at 37 S respectively (Introcaso, 2000).
3. Data and methods
3.1. Gravity modeling
We performed terrestrial gravity measurements in the study
under area along the available roads with spacing of approximately
2 km using a Scintrex CG3 gravimeter with a precision of 0.05 mGal.
This information was complemented with data from the Instituto
Geográﬁco Nacional (IGN) and Yacimientos Petrolíferos Fiscales
(YPF) in Fig. 2A. These data were compared to the Earth gravity ﬁeld
model EGM2008 (Pavlis et al., 2008, 2012). This model is a combined solution of a 50  50 terrestrial gravity anomaly database and
data derived from GRACE (Gravity Recovery and Climatic Experiment) satellite. The maximum degree/order of this model is
N ¼ 2159 with some additional terms to the degree and order 2190
(Pavlis et al., 2008, 2012). The spatial resolution of the model depends on the maximum degree Nmax (Barthelmes, 2009). Thus, the
relation between the degree of the development in spherical harmonics (N) and the minimum representation of the gravity ﬁeld
resolvable with EGM2008 is equal to lmin z 2pR/Nmax z 19 km,
with R of the median Earth radius and Nmax of the maximum degree
and order of the harmonic expansion (Li, 2001; Hoffman-Wellenhof
and Moritz, 2006; Barthlemes, 2009).
Tassara (2005), calculated the ﬂexural strength of the lithosphere between 20 N and 60 S using the EIGENCG03C model
(Forste et al., 2005) (http://icgem.gfz-potsdam.de/ICGEM/ICGEM.
html) derived from the satellite missions GRACE and Challenging
Mini-satellite Payload (CHAMP). Afterwards, Tassara et al. (2007)
calculated the elastic thickness of South America using the
‘wavelet’ technique with the same database. In both cases, results
are of regional interest but without detailed information of the area
under study.
The distribution of terrestrial gravity stations is not uniform
(Fig. 2) and do not cover the area of major interest: the San Rafael
Block. On the contrary, the anomaly map obtained from EGM2008
(Pavlis et al., 2012) yields homogeneous data coverage and higher
resolution.
According to Molodensky, the generalized gravity anomaly, Dg
(Molodensky et al., 1962; Hoffman-Wellenhof and Moritz, 2006)
explained by Barthelmes (2009) is the magnitude of the gravity g at
a given point (h, l, f), minus the normal gravity (g) at the same
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Figure 1. Location map indicating the main geological structures of the study area. White diamonds indicate the location of the local network SRB of seismological stations. The red
points represent the approximate location of the sector or receiver function done by Gilbert et al. (2006) with data from the CHARGE experiment. The isobars from the
asthenospheric plume correspond to the interpretation of the MT done by Burd et al. (2014).

latitude and longitude, but at the ellipsoidal height (hezg), where zg
is the generalized height anomaly:



Dgðh; l; fÞ ¼ jVWðh; l; fj  VU h  zg ; f ;

for h  ht



where W is the real potential at a given point (h, l, f), Vt is the
topography gravity potential at the same point, and U is the gravity
of the reference potential at the same longitude and latitude, but at
the of height hezg (Barthelmes, 2009).
3.2. Calculation of the topographic effect

Dgðh; l; fÞ ¼ gðh; l; fÞ  g h  zg ; f

The height is assumed to be on or outside of the Earth surface
(h  ht, ht is the topographic elevation) therefore the gravity
anomaly is a function in the space outside the masses.
In this way, the gravity observed at the Earth surface can be used
without calculating a descending prolongation or reduction. The
reduced gravity anomaly (by means of topography) is the difference
between the observed gravity and that of the reference ellipsoid,
which at the same time does not contain any effect of the masses
above the geoid (Barthelmes, 2009).
The use of a Digital Elevation Model (DEM) and a hypothesis of
density distribution allow to obtain the potential of the topography
(Vt) (Barthelmes, 2009). From this data, the reduced gravity
anomaly is:



Dgtr ðh; l; fÞ ¼ jV½Wðh; l; fÞ  Vt ðh; l; fÞj  VU h  zg ; f

The topographic effect must be removed from the satellite observations to set the geoid as a reference surface (Forsberg and
Tscherning, 1997). With the new satellite models, lithospheric
modeling could be done, but it should be reduced for topographic
masses, since the gravimetric signal generated by the topography
conceals the lithospheric signal. The effect generated by the topographic masses on the ﬁeld of gravity and its derivatives can be
calculated according to Newtown’ universal law of gravitation. To
calculate the topographic effect, knowledge of the surrounding
topography of each calculation point is required. To achieve this, the
topographic masses are sub-divided into elemental bodies for
which there is a closed solution (Torge, 2001). Molodensky (1945)
demonstrated that the physical surface of the Earth can be determined only through physical geodetic measurements without the
need for the preliminary hypothesis of the density distribution
within the masses.
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Figure 2. (A) Bouguer anomaly map obtained from the terrestrial gravity data. The geographic distributions of the gravity measurements are shown in black dots. (B) Gravity map
obtained from EGM2008 model, corrected by the topographic effect. The contours of the main geological structures of the area are represented in black.

However, a mean density must be assumed to calculate the
topographic contribution. Spherical prisms of constant density (e.g.
tesseroids) are especially appropriate since they are easily attainable by means of simple transformations from the digital elevation
models (ETOPO2: https://www.ngdc.noaa.gov/mgg/global/etopo2.
html). The effect of each mass component can be calculated separately and later all the individual effects can be added to calculate
the total topographic effect (Heck and Seitz, 2007). The software
developed by Alvarez et al. (2012), based on Uieda et al. (2010),
implements a modern methodology to correct the topographic
effect on the satellite models. This software uses spherical prisms in
a spherical coordinates system considering the Earth’s curvature.
By using a spherical solution, the error induced in the planar
approximation is eliminated. This increases the approximation
precision, so the method is especially useful to calculate at a
regional scale (Uieda et al., 2010) utilizing regional coverage of the
new satellite data. The calculation performed at a height of 7000 m,
ensures that all of the regional topographic masses were located
below this. Fig. 2B shows the gravity map from the EGM2008 model
corrected for topography.

other sources. This is achieved by means of ﬁltering techniques. It
demands the use of analytical methods as upward continuation and
band pass ﬁltering.
3.3.1. Spectral analysis ﬁlter
This method requires the calculation of the radial power spectrum from the observed gravity anomaly. From this spectrum, the
range of frequencies to be ﬁltered (high wave numbers for residual
data and low wave numbers for regional information) is determined. This is performed interactively by comparing the spectral
response of the ﬁltered map with the power spectrum of the
observed data.
Alignments in the observed radial spectral ﬁeld allow the differentiation between sources at different depths (Spector and
Grant, 1970; Syberg, 1972; Nabighian et al., 2005). The interactive
ﬁlter was settled using the same Butterworth ﬁlter which was used
for the gravity anomaly residual. The Butterworth ﬁlter is a good
candidate to achieve this since it acts as a high-pass or low-pass
ﬁlter (Zurﬂueh, 1967; Oppenheim and Schafer, 1989) while the
degree of roll-off can be easily controlled maintaining a ﬁxed
central wave number.

3.3. Anomalous sources analysis by gravity ﬁltering
Gravity signal analysis and interpretation consist in emphasizing the effects produced by anomalous masses by eliminating

LðkÞ ¼

1
1 þ ðk=k0 Þn
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where k0 is the central wave number, n is the degree of the ﬁlter, 0/1
is the variable that speciﬁes if it is a residual, high-pass (0) or
regional, low-pass (1).
3.3.2. Upward continuation
The upward continuation is a transformation which consists in
calculating the potential ﬁeld at constant height h over the
measuring surface (Dean, 1958; Pacino e Introcaso, 1987; Miranda e
Introcaso, 1999). Upward analytic continuation is considered as a
clean ﬁlter because it produces almost no border effects that may
require the application of other ﬁlters to correct it. Because of these
features, it is often used to remove or minimize the effects of
shallow sources (of low wavelength) and noise in grids, i.e.
smoothens the effect produced by shallow bodies.
The L ﬁlter is:

LðhÞ ¼ ehr
where h is the distance of the continuation relative to the observation plane; r is the wave number in radians per longitude unit
(r ¼ 2pk), with k cycles/unit of longitude. Following this, the Bouguer anomaly was prolonged to 20, 30, 40 km above the surface,
obtaining the regional anomaly maps. These anomalies were discounted from the Bouguer anomaly map, resulting in residual
anomalies that should contain the gravimetric effects of sources
emplaced in the upper crust.
Fig. 3A and B shows high consistency between the residuals
(40 km) obtained by both techniques. Previous authors, Introcaso
(2000), Azeglio et al. (2010), Alvarez et al. (2014) and Martinez
et al. (2014) used an upward prolongation height of 40 km in order to maintain correlation with the visible geological structures.
The San Rafael Block is highlighted, implying its possible continuity towards the Southwest. A positive mass on the northern
border could also be a continuation towards the East of the same
block.
4. Flexural strength of the lithosphere
The ﬂexural rigidity of the crust is a measure of the lithospheric
strength (its thickness and viscosity), which simultaneously depends largely on the thermal state and its composition, i.e. its
rheological properties (Lowry et al., 2000). It could be interpreted
in terms of the elastic thickness (Te) by making some assumptions
regarding Poisson’s ratio and Young’s modulus (see Table 1).
The spatial distribution of Te is useful to understand the processes related to the isostatic state and the deformation of the
upper crust; its variation can be explained by the thermal distribution and Young modulus. The estimated mechanical base of the
lithosphere for oceanic areas is located at the depth of the 600  C
isotherm reﬂecting good correlation with the estimated Te values.
In the continental lithosphere the relation between determined
geological and physical limits and the Te results are not so evident
(Wienecke, 2002).
Different authors (e.g. Goetze and Evans, 1979; Lyon-Caen and
Molnar, 1983; Burov and Diament, 1995; Hackney et al., 2006;
Tassara et al., 2007) deﬁne a dependency between Te and the slab
geometry and composition, external forces and thermal state.
Table 1
The parameters used in the calculation of the elastic thickness.
Masses/bodies above sea level
Upper crust density
Lower crust density
Upper mantle density
Young module
Poisson coefﬁcient

rs
ruc
rlc
rm
E

s

2.67 g/cm3
2.7 g/cm3
2.9 g/cm3
3.3 g/cm3
1011 N/m2
0.25
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4.1. Elastic thickness
To calculate the elastic thickness, we used the “convolution
method approach” (Braitenberg et al., 2002). This involves the solution of the fourth order differential equation that describes the
ﬂexion of a thin plate (a concept introduced by Vening-Meinesz
(1939)). This method allows the analytical calculation of the
deﬂexion of a thin plate with an irregular topographic load
(Wienecke, 2002). It calculates the ﬂexural parameters from the
best ﬁt between the crust-mantle interface calculated by gravimetric inversion and the crust-mantle interface produced by the
deﬂection of the topographic load. Moreover, this technique has
been widely tested in synthetic models over different areas
(Braitenberg et al., 1997; Braitenberg and Drigo, 1997; Zadro and
Braitenberg, 1997; Braitenberg and Zadro, 1999; Ebbing et al.,
2001; Braitenberg et al., 2002; Wienecke, 2002; Gimenez et al.,
2009; Alvarez et al., 2013, 2015). The calculation was carried out
using the Lithoﬂex program (Braitenberg et al., 2007; Wienecke
et al., 2007). This tool offers a series of different functions
including analysis of the gravity ﬁeld, isostatic state and a combination of direct and inverse gravity calculations with the elastic
ﬂexure. To calculate the crust-mantel discontinuity produced by
the topographic load, we used the digital elevation model ETOPO2
(https://www.ngdc.noaa.gov/mgg/global/etopo2.html).
From the gravity model EGM2008 up to degree and order 2159
(Pavlis et al., 2012) we estimated the undulation of the discontinuity between the crust and upper mantle by gravimetric inversion
(Fig. 4).
This technique used an iterative algorithm, which alternates the
downward continuation with direct modeling (Braitenberg et al.,
1997), and is somewhat analogous to the inversion method proposed by Oldenburg-Parker (Oldenburg, 1974).
The estimation of the elastic thickness requires as input parameters: the density contrast and the depth of reference. In this
research we assumed a constant value of 0.4 g/cm3 for the
contrast between the crust and the upper mantle and a normal
crustal thickness of 35 km. The range of values in which the elastic
thickness varies is limited. For this study, we considered an interval
of 1 < Te < 50 km and moving windows of 50 km  50 km. In order
to avoid border effects, the area was extended 20 km as indicated in
Fig. 2. Table 1 presents the models parameters, including the density distribution adopted in the calculation. These are standard
values previously used by Gimenez et al. (2000), Introcaso (2000),
Miranda and Robles (2002) for areas near the region under study.
Results are presented in Fig. 4B.
5. Inversion model
Inverse modeling of the residual Bouguer gravity anomaly
(Fig. 3B) was carried out using VOXI 3D Inversion, within the Oasis
Montaj platform (GEOSOFT). A voxel is the conceptual 3-D counterpart of a pixel in 2-D domain. Voxi is a tri-dimensional
extension of an elemental pixel, which is a 3-D volume element
with only one attribute. The blocks of data that have one horizontal and vertical dimension are divided into equally spaced
voxels. The objective is to ﬁnd a mapping technique through the
use of an interpolation method, thus creating a model that yields
improved estimation of the voxel attributes that are geologically
admissible.
From the residual Bouguer gravity anomaly, we deﬁned the area
to develop the inversion model from a closed polygon. The digital
elevation model was gridded at the same dimensions as the gravity
anomaly grid. Then, the number of cells selected after proceeding to
the inversion was of 285  315 voxels and the maximum error 0.1
mGal.
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Figure 3. Gravimetric residuals calculated by (A) Butterworth Filter for a wavelength of 300 km and Order 6 (B) Upward continuation up to 40 km.

The algorithm assumes a set of contiguous rectangular prisms
each with a constant physical property. The model is obtained via
the inverse solution of the forward modeling equation:

G,m ¼ d
where m ¼ [m1, m2, . mm]T is the model vector containing the
physical property values of the cells, d ¼ [d1, d2, . dm]T is the data
vector, and G is the sensitivity matrix that quantiﬁes the contribution of cells related to the data value at the given observation
locations. In our case, the vector m represents density r and
d gravity data. For the general construction outlined here, we used a
right-hand Cartesian system, where x is northing, y is easting, and z
points vertically downwards.
The inverse solution was obtained using Tikhonov regularization by minimizing a total objective function with bound
constraints,

minf ¼ fd þ mfm ;

subject to mmin  m  mmax

where m is the regularization parameter; fd and fm are the data
misﬁt and model objective functions respectively; and mmin and
mmax are the lower and upper bounds of the physical property
distribution.
The density values used for the terrain corrections of the gravity
data were added to each cell to obtain density rather than density
contrast. Usually, the 2.67 g/cm3 terrain correction density restores
the background density associated with non-target geology initially

removed from the data and provides a model with which general
physical property values are more readily compared to.
In Fig. 5, the results of the gravimetric inversion using the VOXI
technique can be observed. This ﬁgure shows the density inversion
model along a north-south proﬁle up to a depth of 16 km. The San
Rafael Block presents higher density ranging between 2.7 and
2.89 g/cm3. These high-density values are discontinued in the north
of the block by the roots of the Maipo Volcano, which produces a
decrease in densities. The Cerro Nevado region represents a transition zone. Towards the south a signiﬁcant decrease of densities
below the region of Payenia is present. This could be explained by
the ascension of upper mantle materials.
6. Seismic data
Localized seismicity and analysis of distribution of events
(Lupari et al., 2015) of the seismological broadband stations temporary network called BSR experiment indicate the occurrence of
micro-seismicity in the region.
Earthquakes distribution at depths of 30 km (Fig. 6) show
seismic activity in the San Rafael Block. Some earthquakes located
within this block should be associated with the Malvinas Fault.
Costa and Rolleri (2006) considered this fault as a potentially
seismogenic structure.
Lupari et al. (2015) analyzed the presence of micro-seismicity at
lithospheric depths (between 30 and 100 km) and related them to
the mineral dehydration processes in the mantle wedge. These
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Figure 4. (A) Model of Crust-Mantle discontinuity, obtained by Gravimetric Inversion. (B) Map of elastic thickness obtained utilizing the parameters of Table 1.

results could indicate that the conditions of pressure and temperature would be changing in the region under the volcanic province
of Payenia.
7. Results and discussion
In both Bouguer anomaly maps (from terrestrial data and
EGM2008 model) predominate negative values with a marked
WeE direction gradient produced by the ‘Andean root’. At the edge

of the San Rafael Block, which is on the edge of a strong tectonic
step, a difference of 50 mGal is observed.
Towards the south of the San Rafael Block, the volcanic structures of Cerro Nevado and Payun Matru are clearly observed. The
Moho undulations obtained by inversion of the gravity anomalies
(Fig. 4A) show depths of 66 km under the Andes, mainly to the NW;
diminishing towards the South, where maximum values reach up
to 50 km depth. An abrupt change in the Moho gradient is observed
towards the east of the SRB with NWeSE direction. Crustal

Figure 5. Automatic gravity inversion models using the Voxel technique.
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Figure 6. Crustal seismicity to a depth of 30 km (blue circle), located during the 2011e2014 campaign, and associated to the main structures shown by Lupari et al. (2015).

thickness values are normal (around 35 km) on the borders of this
map. Gilbert et al. (2006) interpreted Moho depths of 55 km under
the Andes and 42 km at the South of the SRB, based on receiver
functions obtained from the CHARGE experiment (The ChileArgentina Geological Experiment). These authors inferred that
the crustal structure in the region reveals multiple zones of low
velocity between the middle and lower crust, possibly associated
with partial fusion and magmatic cameras. This is consistent with
petrological and petrogenetic models of andesitic and dacitic rocks.
The residual anomalies calculated by upward continuation are
consistent with those obtained by the Butterworth ﬁlter. Anomalies
linked to the upper crust indicate that the San Rafael Block is arranged in a NWeSE direction where the outcropping part is located
to the north of Cerro Nevado. An evidence of this structural high is
represented by the displacement of the watercourses located on
the eastern border of the block.

The elastic thickness values (Fig. 4B) range of 0 < Te < 21 km.
When Te ¼ 0, the crust behaves hydrostatically (i.e. the crust lacks of
rigidity). The highest values of Te are found in the central-southern
part of the SRB in agreement with the strong gradient observed in
the Moho map. Minimum values of Te are present in the Payun
Matru region due to the high thermal gradient under this region, as
determined by Burd et al. (2008, 2014) by means of magnetotelluric
soundings. These authors observed a zone of low resistivity and
interpreted it as a thermal plume. Gilbert et al. (2006) determined
zones of high velocity with P and S waves that should provoke a
decrease of rigidity in the crust.
Additionally, Pesicek et al. (2012) presented a new tomographic
model for the retroarc mantle between 30 and 40 S using aftershock data recorded after the 2010 Maule Mw ¼ 8.8 earthquake.
This study revealed the structure of the ﬂat slab and its transitional
zone between the northern ﬂat slab between 27 S and 33 S and the
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normal slab to the south in the Maule region. These authors
recognized a steeply dipping relic slab of approximately 200 to
1000 km in depth, which is disconnected from the normal subducted slab located above it; they suggested that this feature represents a vertical tearing and detachment of the slab. They also
detected the existence of an asthenospheric window between a
moderately dipping slab to the north at approximately 38 S and a
steep dipping to the south at approximately 39 S.
The inversion model from the residual Bouguer gravity anomaly
conﬁrms the previous results. The NeS section that crosses through
the San Rafael Block allows differentiating density variations of the
materials emplaced in the upper crust with higher densities in the
SRB region. On the other hand, a major decrease under the Payenia
was interpreted as caused by thermal processes. This is consistent,
although at lower depths, with the results (intermediate depth
seismicity) obtained by Lupari et al. (2015) from the BSR seismological experiment performed in the region between 2011 and
2014. This seismicity, associated to the lithospheric mantle could be
related to the dehydration of minerals in the mantle wedge. These
minerals are stable under speciﬁc conditions of pressure and
temperature but when conditions are altered they become unstable
and take place the dehydration. The ascension of an asthenospheric
plume proposed by Burd et al. (2014) in the adjacent region could
be responsible of the changes in the stability conditions producing
the localized intermediate seismicity.
8. Conclusions
Gravimetric inversion allowed us to recognize the Moho surface
which has depths of 44 km in the northern sector of the San Rafael
Block and 38 km in the southern region. Similar values were obtained through receiver functions. These results indicate that the
San Rafael Block structure is arranged in a NWeSE direction, but is
only visible to the north of Cerro Nevado.
The density model obtained from inversion of the Bouguer
anomaly suggests higher densities for the San Rafael Block
(2.89 g/cm3) and lower densities in the Payenia region. This is
consistent with low crustal thickness values which may be
responsible of an increase in temperature and a decrease in density.
This crustal thinning is well correlated with a steepening of the slab
that favored the emplacement of hot material in an extensional
regime after the shallowing episode of the slab between 18 and
4 Ma.
Near to zero Te values obtained in the Payenia region reﬂects the
presence of an asthenospheric plume. Higher values of Te w10 km
in the San Rafael Block might be the result of the thermal inﬂuence
in the area, being this Te value enough to support the block
structure.
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