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Abstract 

Receiver functions and surface waves have been used to 
study crust and lithosphere under the Chaco-Paraná 
Basin during recent years. However the upper crust in the 
region still lacks information, given that these studies 
have focused on the deep structure of the crust and have 
not had resolution for shallow structure. We inverted high 
frequency receiver functions, as well as dispersion curves 
to obtain Vs-profiles, focusing on the shallow structure of 
the crust. We used a procedure of joint inversion of re-
ceiver function and dispersion curves to estimate the 
basement depth under six stations of the XC and BL net-
works. The results show the basement at about 2.0 km 
and the Moho interface at 40.3 km. We had high uncer-
tainty estimations for sedimentary layers due to the long 
periods used in dispersion, which was not able to retrieve 
the inversion in these layers. Despite that, we were able 
to identify two types of sedimentary layers, which we as-
sociate with an older and more compact sedimentation of 
higher Vs and a more recent and less compact sedimen-
tation of lower Vs. 

Introduction 

Chaco-Paraná Basin (CPB) has been the target of recent 
studies (e.g. Rivadeneyra-Vera et al., 2019), since the 
sedimentary basins in the central portion of South Ameri-
ca are some of the least studied areas in the continent. It 
covers North-Argentina, most of Paraguai and South of 
Brazil (Fig. 1).  

The CPB was formed west of Gondwana, most of its sur-
face is covered by recents quaternary deposits. The regi-
on has had several episodes of subsidence, its sedimen-
tation began in Paleozoic and extended until the Ceno-
zoic. The CPB shares some sequences with the Paraná 
Basin from Carboniferous to Cretaceous (Milani & Tho-
maz Filho, 2000). 

In 2019, Rivadeneyra-Vera et al. presented a crustal mo-
del of South America, adding data from new stations ins-
talled in the sedimentary basins of the central portion of 
the continent to the Assumpção et al. (2013) crustal mo-

del. The results revealed that Moho is deeper than expec-
ted for the CPB, between 35 and 40 km deep.  

Although the recent advances in the deep structure of the 
crust, the shallow structure still lacks information. Some 
work has been done in the area (e.g. Feng et al., 2007; 
Lloyd, et al., 2010; Chulick, et al., 2013), but as pointed 
by Rosa et al. (2016), they used data sets with no resolu-
tion for retrieving the inversion on the sedimentary and 
shallow layers. So, basement depth estimates lack more 
confirmation. 

Receiver function (RF) is widely used in crustal studies to 
determine wave propagation velocity profiles (Ammon, 
1991; Owens et al., 1984). Due to a non-unique inversion 
problem, it is common that RF is jointly inverted with sur-
face waves dispersion curves (DC) (e.g., Julià et al., 
2000). Joint inversion of high frequency RF and DC can 
be used to study shallow crustal structure (e.g. Assump-
ção et al., 2009). Rosa et al. (2016) estimated basement 
depth at about 5 km under CPB, but with no resolution for 
a good retrieving. High frequency receiver functions could 
bring a more reliable estimate of the basement depth in 
the region. 

In this work, we use receiver functions and dispersion 
curves to calculate S-wave velocity profiles beneath the 
Chaco-Paraná Basin, providing more data of the shallow 
structure of the crust in the region. 

 

Fig. 1 - Chaco-Paraná Basin with stations in triangles. 

Methods 

Deconvolution of radial and vertical components of seis-
mograms removes source and instrument effects and 
isolates the geological structure near the station site 
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(Ammon et al., 1990). The resulting trace, the receiver 
function (RF), marks the arrival times of P-to-S conversi-
ons and the reverberations under the station (Fig. 2).  

To calculate the RFs for the CPB, we selected events of 
distance < 30º (to avoid attenuation of high frequencies in 
the asthenosphere) and depth > 400 km (for an approxi-
mately vertical incidence) recorded at six stations of XC 
and BL networks of CPB region (Fig. 1). We applied time 
domain deconvolution (Ligorría and Ammon, 1999) with 
gaussian filters of 0.25, 0.5, 1, 2.5, 4 and 5 Hz (gaussian 
width parameter of 0.5, 1, 2, 5, 8 and 10, respectively).  

 

Fig 2 - Example of P-to-S conversions from a single layer 
(top) and a receiver function (bottom), with P phase (1), 
Ps conversion (2) and multiples: PpSs + PsPs (3) and 
PpPs (4). 

Three criteria were used to determine if a RF should be 
used or discarded. First, the RF should not have a negati-
ve first pulse, because it would imply that the first arrival 
had an inverted polarization in relation to itself, which has 
no geological meaning. So, these RF were attributed to 
noisy data. Second, the convolution of the RF with the 
vertical component should correspond to the radial in, at 
least, 85%. Third, the main pulses of different RF`s from 
the same station should arrive at the same time, approxi-
mately. This avoids the data to sample different geology 
under the station due to different arrival directions of the 
waves.  

The RF inversion is a non-unique inversion problem, sin-
ce each peak in the signal can be interpreted as a Ps 
conversion in an interface or as a reverberated multiple. 
The joint inversion of dispersion curves (DC) is a way to 
bring stability to the inversion (e.g. Julià et al., 2000; As-
sumpção et al., 2009). We used DC of phase and group 
velocity of Rayleigh waves from Shirzad et al. (2020) in 
the CPB region, with periods ranging from 6 to 80 s. 

We used the results of Rosa et al. (2016) to create initial 
models for joint inversion. In their work, they say that the 
basement depth and sedimentary layers are not well 
constrained, due to their data that did not have resolution 
for shallow layers. So, our initial model may be a good 
approximation for retrieving the depth of Moho and other 
deep layers. We also based the initial models on the re-
sults of Rivadeneyra-Vera et al. (2019), which are focused 

on deep structure. We used a Vp/Vs factor of 1.8 for se-
dimentary layers and 1.73 for crystalline layers. For joint 
inversion we used Julià et al. (2000) program, which is a 
damped minimum square linearization with regularization. 
The regularization provides smoothness to the inversion, 
preventing the model from having layers with much diffe-
rent S-wave velocity from adjacent layers. But it also pre-
vents the inversion from converging to a model with dis-
continuities where they really exist. So, the program al-
lows the user to control how much each layer is affected 
by regularization. We used this feature to better restrict 
the discontinuities of Moho and the basement. 

We did the proceeding several times for each station, 
changing the initial model by up to 10%. So, we calcula-
ted a set of final models for each station, which gives us 
an estimate of the uncertainty. 

Results 

Here we present the results for six stations in the CPB, 
five of the XC network (MECA, PSAL, SCCA, TICA and 
VACA), located in Paraguay and Argentina, and one of 
the BL network (ITQB), located in Rio Grande do Sul sta-
te, Brazil. Fig. 3 shows that ITQB, MECA and PSAL stati-
ons are located on volcanic rocks of the Cretaceous, whe-
reas the other stations are stalled on the sedimentary 
cover of the Quaternary.  

Fig 3- Geological map of the CPB region, showing the 
locations of the six stations. 

Figs. 4 to 21 show the results of the inversion: the S-wave 
velocity models and the predicted data, calculated from 
these models, in comparison with the observed data. 
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Fig. 4 - Inversion of receiver functions of frequencies 0.25 
(top), 0.5, 1, 2.5, 4 and 5 Hz (bottom) of ITQB station. 

 

Fig. 5 - Inversion of dispersion curves of Rayleigh waves 
of ITQB station. 

 

Fig. 6 - Final models of inversions for ITQB station. The 
profile on the left (a) shows the first 10 km, the profile on 
the right (b) shows the entire velocity model. 

 

Fig. 7 - Inversion of receiver functions of frequencies 0.25 
(top), 0.5, 1, 2.5, 4 and 5 Hz (bottom) of MECA station. 

 

Fig. 8 - Inversion of dispersion curves of Rayleigh waves 
of MECA station. 

 

Fig. 9 - Final models of inversions for MECA station. The 
profile on the left (a) shows the first 10 km, the profile on 
the right (b) shows the entire velocity model. 

 

Fig. 10 - Inversion of receiver functions of frequencies 
0.25 (top), 0.5, 1, 2.5, 4 and 5 Hz (bottom) of PSAL stati-
on. 

 

Fig. 11 - Inversion of dispersion curves of Rayleigh waves 
of PSAL station. 
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Fig. 12 - Final models of inversions for PSAL station. The 
profile on the left (a) shows the first 10 km, the profile on 
the right (b) shows the entire velocity model. 

 

Fig. 13 - Inversion of receiver functions of frequencies 
0.25 (top), 0.5, 1, 2.5, 4 and 5 Hz (bottom) of SCCA stati-
on. 

 

Fig. 14 - Inversion of dispersion curves of Rayleigh waves 
of SCCA station. 

 

Fig. 15 - Final models of inversions for SCCA station. The 
profile on the left (a) shows the first 10 km, the profile on 
the right (b) shows the entire velocity model. 

 

Fig. 16 - Inversion of receiver functions of frequencies 
0.25 (top), 0.5, 1, 2.5, 4 and 5 Hz (bottom) of TICA stati-
on. 

 

Fig. 17 - Inversion of dispersion curves of Rayleigh waves 
of TICA station. 

 

Fig. 18 - Final models of inversions for TICA station. The 
profile on the left (a) shows the first 10 km, the profile on 
the right (b) shows the entire velocity model. 
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Fig. 19 - Inversion of receiver functions of frequencies 
0.25 (top), 0.5, 1, 2.5, 4 and 5 Hz (bottom) of VACA stati-
on. 

 

Fig. 20 - Inversion of dispersion curves of Rayleigh waves 
of VACA station. 

 

Fig. 21 - Final models of inversions for VACA station. The 
profile on the left (a) shows the first 10 km, the profile on 
the right (b) shows the entire velocity model. 

In general, the results indicate that the inversions were 
more stable at deep layers, whereas layers until 5 km 
deep had greater uncertainty in S-wave velocity. The 
Moho interface was well restricted and its greater uncer-
tainty was for VACA station (5 km). This station had a 
noiser data due to its installation on soft sediments and 
we had difficulty getting good RF from it. Indeed, we were 
not able to use low frequency (< 2.5 Hz) RF for this stati-
on, which explains the higher uncertainty for deep layers. 

The greatest uncertainty for the basement was 2.5 km for 
ITQB station. It is known that this station was installed on 
a basalt outcrop and the final model had a high velocity 
layer (~ 3 km/s) at about 500 m, coherent with the basalt. 
The basement is estimated at about 2.5 km, which is con-
sistent with results of Assumpção et al. (2009), who used 
a few drill holes to estimate the basement depth near 2 
km, but this value may be extrapolated because of the 
poor amount of data. 

Fig. 22 and Tables 1 and 2 show the results for the base-
ment and Moho depths in comparison with Rivadeneyra-
Vera et al. (2019) and Cedraz (2019) results. Our results 
show a mean depth of 2 km for the basement. Cedraz 
(2019) found the basement at 2.5 km, but with low resolu-
tion due to the thick layers used in her models. Rosa et al. 
(2016) found the basement at 5 km, but with dispersion 
curves with long periods, which are not appropriate for 
such shalllow layers.  

Table 1  - Moho depth in comparison with Rivadeneyra-
Vera et al. (2019) and Cedraz (2019) results. 

 

Table 2  - Basement depth in comparison with Cedraz 
(2019) results. 

 

Fig. 22  - Basement and Moho depths in comparison with 
Rivadeneyra-Vera et al. (2019) results for Moho (color 
scale). 

The greater uncertainty for the shallower layers and the 
bad fit of the shorter periods of dispersion may indicate 
that the range of periods in dispersion curves was not 
able to bring stability for the inversion at this depth. For 
the first 5 km of crust, shorter periods (from 2 to 4 s) 
should be better for the joint inversion. But such short 
periods are not always possible to obtain because it de-
pends on the stations distribution in the region. So, as an 
alternative, another data set could be added to the joint 
inversion, like the horizontal / vertical spectral ratio (Na-
kamura, 1989), which is sensitive to discontinuities in the 
wave velocities, like the basement interface. It should 
bring more stability to the inversion in the sedimentary 
layers. Also the group velocities of the observed dispersi-
on curves are higher to the expected for the phase veloci-
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ties. It may be due to the poor sampling of the region, 
which may have affected the dispersion curves and may 
have caused the bad fit of the inversion for the group ve-
locities, especially for the short periods. 

Despite the problems with the uncertainty of shallower 
layers, we can point to two distinct groups of sedimentary 
layers. The first group has very low S-wave velocity (< 1 
km/s) and may represent less compacted sedimentary 
cover of the Cenozoic. The second group has higher ve-
locities (> 1.5 km/s) and may represent more compacted 
sedimentary rocks of the Paleozoic and the Mesozoic. 
The models present some low velocity layers that could 
be artifacts generated by the inversion due the great un-
certainty. 

Conclusions 

Joint inversion of receiver functions and dispersion curves 
of Rayleigh waves in Chaco-Paraná Basin presented ba-
sement and Moho at mean depths of 2.0 and 40.3 km, 
respectively. These values agree with recents results of 
Rivadeneyra-Vera et al. (2019) and Cedraz (2019), that 
pointed out that the crust is thicker than what was expec-
ted (Assumpção et al., 2013).  

The basement was determined shallower than previous 
works (e.g. Rosa et al., 2016), but with more resolution. 
But it is still necessary to improve the uncertainty estima-
tes, given that the periods used in dispersion curves were 
not short enough to bring stability for the inversion at this 
depth. A third data set could be added for the joint inver-
sion, like H/V spectral ratio, that is sensible to the velocity 
contrast of the basement interface. 

We associated two features in the models to geological 
structures: first, a low velocity layer associated with less 
compacted sedimentary cover of the Cenozoic; second, a 
higher velocity layer, associated with more compacted 
sedimentary layers of the Paleozoic and Mesozoic. 
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