
Geophysical Journal International Royal

Society
Astronomical

Geophys. J. Int. (2024) 239, 201–217 https://doi.org/10.1093/gji/ggae267 
Advance Access publication 2024 August 01 
GJI Seismology 

Dynamic evolution of West Gond w ana inferred from crustal 
anisotropy of the South American platform 

Mei Feng , 1 Meijian An , 1 Hulin Zang, 1 , † Marcelo S. Assump c ¸ ˜ ao , 2 Marcelo 

B. Bianchi , 2 George S. Fran c ¸a, 2 Marcelo P. Rocha, 3 Leda S. Bettucci 4 and Carlos 

A. Chaves 

2 

1 Chinese Academy of Geological Sciences, Beijing 100037, China. E-mail: mei feng cn@ 163 .com 

2 Department of Geophysics, Institute of Astronomy, Geophysics and Atmospheric Sciences, University of S ̃ ao Paulo, S ̃ ao Paulo 05508-090, Brazil 
3 Seismological Observatory, Institute of Geosciences, University of Bras ́ılia, Bras ́ılia 70910-900, Brazil 
4 Geophysical Observatory of Uruguay, Faculty of Sciences, University of the Republic, Montevideo 11400, Uruguay 

Accepted 2024 July 30. Received 2024 June 14; in original form 2024 February 7 

S U M M A R Y 

The amalgamation and breakup of the West Gondwana shaped the South American platform. 
The dynamics during the processes can be reflected by crust anisotropy of the platform, but 
there are no specialized crustal anisotropic measurements yet. Splitting analysis of Moho- 
conv erted shear wav es in P -wav e receiv er functions ( Pms ) can reveal crustal-scale anisotropy, 
which is important for understanding the dynamic evolution of the crust and for the inter- 
pretation of mantle anisotropy from splitting analysis of core–mantle refracted shear waves 
( XKS phases). This study measured crustal anisotropy for the old and stable South American 

platform by Pms splitting analysis. The splitting times v ary mainl y in the range of 0–0.5 s, 
with a regional mean of 0.2 s, slightly lower than that observed in tectonicall y acti v e re gions. 
The detected crustal anisotropy shows distinct characteristics and spatial zoning, providing 

insights into tectonic processes. (1) Fast polarization directions at stations close to the Trans- 
brasiliano Lineament (TBL) are oriented NNE–SSW, generally consistent with the strike of 
the TBL but inconsistent with the maximum horizontal compressive stress, implying that they 

might be formed by dynamic metamorphism during the formation of the TBL. (2) Crustal 
anisotropy along the passive continental margin in the east and northeast is weak. Still, the fast 
polarization directions tend to be oriented along the margin, implying the existence of fossil 
extensional crustal fabrics formed during the continental rifting of West Gondwana. (3) The 
Paran á Basin, one of the world’s largest Large Igneous Provinces (LIP) covered by continental 
flood basalts, shows distincti vel y strong anisotropy, with fast polarization directions highly 

aligned with mantle anisotropy, implying that synchronous crust–mantle deformation occurred 

in these regions as a result of magmatism during the breakup of West Gondwana. 

Key words: South America; Body waves; Seismic anisotropy; Crustal structure. 
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.  I N T RO D U C T I O N  

ratonic blocks in South America (Fig. 1 ) and Africa amalgamated
nd welded by fold belts in Neoproterozoic and finally formed West
ondwana during the Brasiliano-Pan African orogeny (ca. 1000 to
00 Ma; Cordani et al. 2000 , 2009 , 2016a ). West Gondwana broke
nto South America and Africa during the opening of the South
tlantic in the Mesozoic (Cordani et al. 2009 ). The present stable
ow at South China Sea Institute of Oceanology, Chinese Academy of 
ciences, Guangzhou, China 
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central and eastern) part of South America, the South American
latfor m, is the par t involved in the amalgamation and breakup of
est Gondwana (Fig. 1 ). Seismic anisotropy is a good detector of the

ynamics of tectonic events. After the breakup of West Gondwana
n the Cretaceous (Cordani et al. 2009 ), the platform has suffered
ittle tectonic deformation making it an ideal place for tracing the
ncient imprints of tectonic evolution by seismic anisotropy. 

Shear waves passing through anisotropic media split into fast
nd slow waves (Crampin 1979 ; Zang et al. 2023 ), which has been
idely observed in the upper crust, middle-to-lower crust and man-

le. The analysis of shear wave splitting characteristics can extract
he parameters of anisotropy (i.e. fast polarization direction ϕ and
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Figure 1. Tectonic setting and configuration of the South American platform (Cordani et al. 2009 , 2016b ). The areas which are not covered by grey and yellow 

shades in the central and eastern South American are of cratonic blocks. Red and blue triangles are 66 broad-band seismic stations of the RSBR and three 
ne wl y deployed portable stations, respecti vel y. ITTB and ARAG are two RSBR stations to be further discussed in Figs 3 and 9 . Data for LIPs are from Coffin 
et al. ( 2013 ). AB = Ara c ¸ua ́ı Belt, BB = Bras ́ılia Belt, BP = Borborema Province, DB = Dom Feliciano Belt, PB = Paranapanema block, RB = Ribeira Belt, 
SFC = S ˜ ao Francisco Craton and TBL = Transbrasiliano Lineament. 
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splitting time τ ), which in turn can be used to infer anisotropic 
structures in the crust and mantle (Crampin 1979 ; Silver & Chan 
1991 ; Gao et al. 2012 ). Shear waves with different propagation 
paths can be used to gain information about anisotropic structures 
down to different depths which may reflect different deformation 
mechanisms and tectonic processes (Nicolas & Christensen 1987 ; 
Liu & Niu 2012 ). 

The splitting of core–mantle refracted shear waves ( XKS phases) 
can be used to measure mantle anisotropy if crustal anisotropy is 
weak or negligible (e.g. W üstefeld et al. 2009 ; Gao et al. 2010 ; 
Becker et al. 2012 ; Shi et al. 2012 ). The measurements on seis- 
mic anisotropy of the South American platform from XKS splitting 
analysis (Heintz et al. 2003 ; Assump c ¸ ˜ ao et al. 2006 ; Assump c ¸ ˜ ao 
et al. 2011 ; Chagas de Melo et al. 2018 ) show weak lateral variation 
in the fast polarization direction in the South American platform 

with an overall direction in generally E–W. Most of the fast po- 
larization directions of the XKS phases are similar to the direction 
of absolute plate motion relative to the hotspot reference model 
HS3-NUVEL1A (Gripp & Gordon 2002 ), implying the dominance 
of flow-induced deformation in the asthenosphere. However, local- 
scale lateral variations in fast polarization directions have been 
observed in the Amazon Craton, Paran á Basin and southern S ˜ ao 
Francisco Craton (SFC), indicating relict deformation in the thick 
lithosphere and/or local disturbance of a thick lithospheric root to 
mantle flow (Assump c ¸ ˜ ao et al. 2006 ; Chagas de Melo et al. 2018 ). 
These interpretations of XKS splitting results are based on the as- 
sumption of negligible crustal anisotropy. 

An approximate understanding of crustal-scale anisotropy for 
the South American platform has been given by the global surface 
w ave tomo graphic model of Debayle et al. ( 2016 , Fig. S6 in the 
Suppor ting Infor mation). Ho wever , the resolution of that surface 
wave model is insufficient to allow any possible relationship to 
be established between anisotropy and heterogeneous surface geol- 
ogy (Cordani et al. 2000 , 2009 ). The splitting of Moho-converted 
shear waves ( Pms ) can be used to measure anisotropy in the entire 
cr ust (cr ustal-scale or whole-cr ust anisotropy, e.g. Chen et al. 2013 ; 
Watanabe & Oda 2015 ; Licciardi et al. 2018 ). The splitting times 
of Pms data observed in the global crust can be as large as 0.2 s in 
stable basin regions (e.g. Chen et al. 2013 ) and 0.7 s in seismically 
activ e re gions (e.g. Nagaya et al. 2008 ), which are not substantially 
smaller than the global average XKS splitting time of ∼1.0 s (Sav- 
age 1999 ), implying that crustal anisotropy is not al wa ys negligible 
when interpreting XKS splitting data. Strong crustal anisotropy has 
been observed in tectonically active regions (e.g. Chen et al. 2013 ; 
Watanabe & Oda 2015 ; Licciardi et al. 2018 ) and in the cratonic 
crust in South Africa (Thybo et al. 2019 ). Ho wever , no results have 
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een obtained for crustal-scale anisotropy from the splitting analysis
f Pms data for the South American platform. 

In this study, we conducted a splitting analysis of Pms data
ecorded by broad-band seismic stations on the South American
latform to infer the structure of crustal-scale anisotropy below the
tations. Results are then used to assess the sources/causes of the
rustal anisotropy, which are likely involved in the evolution of West
ondwana. 

.  T E C T O N I C S  O F  T H E  S O U T H  

M E R I C A N  P L AT F O R M  

he South American platform (Fig. 1 ) is the old and stable part of
he central and eastern South American continent. It is bordered by
he Andean orogenic belt to the west and northwest, and by passive
ontinental margins to the east and nor theast. The platfor m includes
he Amazon Craton (Guyana and Guapor é shields) in the northwest
nd the SFC and the cratonic Paran á Basin (one of the world’s
ar gest Lar ge Igneous Provinces , LIP, e.g. Sensarma et al. 2018 )
n the southeast. The platform is transected by a large shear zone,
he Transbrasiliano (or Trans-Brazilian) Lineament (TBL; Fig. 1 )
Cordani et al. 2000 , 2009 ). 

The South American platform emerged when several continen-
al masses were amalgamated to form West Gondwana during the
rasiliano-Pan African orogenic cycle (ca. 1000 to 500 Ma, Cor-
ani et al. 2016a ). The Amazonian (Guyana and Guapor é shields,
ig. 1 ) and the West African cratonic masses collided with the S ˜ ao
rancisco-Congo, the R ́ıo de La Plata and the Saharan cratonic
asses and formed the Bras ́ılia and Paraguay orogenic belts, the
orborema tectonic Province (BP), or the Transbrasiliano shear
one (TBL) in South America and the Kandi Shear Zone (KSZ)
n Africa. The S ˜ ao Francisco-Congo palaeocontinent amalgamated
ith some smaller cratonic masses such as the R ́ıo de La Plata,
aranapanema (PB), Luiz Alves, and Kalahari, which developed
rogenic belts along the Brazilian and Uruguayan Atlantic coast
e.g. Ara c ¸ua ́ı, Ribeira and Dom Feliciano belts; Cordani et al.
016a ). 

After the Brasiliano oro gen y (600–530 Ma), the western mar-
in of the South American continent has been af fected b y oceanic
ubduction till today (e.g. Milani & Filho 2000 ; Martinod et al.
010 ), but the subduction has no significant impact on the South
merican platform (Fig. 1 ). Since ∼135 Ma (Janasi et al. 2011 ),

arge volumes of basalt lava were extruded from the Tristan–Gough
lume and formed the Paran á–Etendeda LIP (red shaded, Fig. 1 )
Renne et al. 1992 ; Peate 1997 ; Granot & Dyment 2015 ; Svensen
t al. 2018 ), and then West Gondwana broke up and South America
eparated from Africa in Cretaceous. 

.  DATA  

.1. Data source and RF processing 

e measured the crustal anisotropy of the South American platform
sing Pms data from receiver functions (RFs) by collecting seis-
ic waveforms recorded by 66 broad-band seismic stations of the
razilian National Seismological Network (RSBR) in the platform

egion (Bianchi et al. 2018 ) between 2015 and 2019 (red triangles
n Fig. 1 ), and by three portable seismic stations ne wl y installed by
he University of S ˜ ao P aulo, Univ ersity of Bras ́ılia and University
f the Republic (Urugua y) betw een 2021 and 2023 (blue triangles
n Fig. 1 ). To ensure high signal-to-noise ratios of the data and to
 void phase triplication, wa vefor ms for ear thquakes with magni-
udes of > 5.5 and epicentral distances of 30 ◦–95 ◦ were selected.
he azimuthal distribution of earthquakes around the stations is
ell balanced (Fig. 2 ), making it suitable for using the harmonic
ariation in the Pms data from multiple backazimuths (BAZs). 

The raw seismic records were firstly processed by the removal of
nstrument response, averaging, de-trending and coordinate rotation
rom the ZNE recording system (vertical, N–S horizontal and E–W
orizontal) to the ZRT system (vertical, radial and tangential). Sec-
ndly, a width factor of Gaussian pulses of 3 ( α = 3) was applied to
erform iterative time-domain deconvolution calculations (Ligorr ́ıa
 Ammon 1999 ) on the radial and vertical components to produce
 -component RFs with a central frequency of ∼1.5 Hz, as well as
n the tangential and vertical components to produce T -component
Fs. Then, the R -component RFs were visually checked to remove

hose with unclear Pms phases or with strong high-frequency noise.
s the Pms waves on T -component RFs are w eak, w e did not visually

heck the T -component RFs but took the T -component counterpart
f all the valid R -component RFs as valid. The number of valid RFs
or each station varies from 36 to 261, with a mean of 129, which
uarantees at least four observations in each quadrant. Finally, to
void the possibility of misinterpreting time-shifts caused by dif-
erent epicentral distances as structure, all of the high-quality RFs
ere moveout corrected to the same reference epicentral distance of
7 ◦ (around the middle of the epicentral distance range of 30 ◦–95 ◦,
uan et al. 1997 ) by using the IASP91 velocity model (Kennett &
ngdahl 1991 ). Figs 3 (a) and (b) show the R - and T -component RFs
inned by a BAZ interval of 10 ◦ for the ARAG and ITTB stations
Fig. 1 ), respecti vel y. Observed RFs for more stations are provided
n the Supporting Information ( Figs S1 –S4 ). 

.2. Harmonic feature of RFs for anisotropic crust 

o better understand the appearance feature of the observed RFs
hown in Fig. 3 , we generate synthetic seismograms by Raysum
Frederiksen & Bostock 2000 ) and processed the RFs by time-
omain deconvolution (Ligorr ́ıa & Ammon 1999 ) for a given
sotropic and anisotropic crustal model. Figs 4 (a) and (b) show
he simulated RFs for isotropic and anisotropic crust models, re-
pecti vel y. The Pms phase appears only in the R -component RFs
or isotropic crust, and the T -component counterpart is almost zero
red line in Fig. 4 a). In contrast, the Pms phase from anisotropic
rust appears in both the R - and T -component RFs, as part of the
nergy in the R -component is polarized to the T -component owing
o splitting (Fig. 4 b). 

Fig. 5 is the same as Fig. 4 , but for observations from different
bservation directions or BAZs. For isotropic crust, Pms arri v als
n the R -component do not vary with BAZ, and the amplitude of
he T -component is zero (Fig. 5 a). For anisotropic crust with a
orizontal axis of symmetr y, Moho-conver ted waves from different
bservation directions or BAZs at the same station will exhibit
armonic variation in the R - and T -components with a period of 180 ◦

Maupin & Park 2007 ; Bianchi et al. 2010 ; Licciardi et al. 2018 ). As
hown in Fig. 5 (b), Pms arri v als in the R - and T -components vary
eriodically with BAZ. In cases where the RFs contain noise, the
ms phase from a single B AZ ma y be masked by noise (Fig. 4 c).
o wever , the harmonic feature of the Pms phase from different
AZs is still observab le (F ig. 5 c), w hich can be used to extract
rustal anisotropic parameters. 

When we look back at the observed RFs in Fig. 3 , we find that the
ms arri v als on the R -component for the ARAG station vary with

https://academic.oup.com/gji/article-lookup/doi/10.1093/gji/ggae267#supplementary-data
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Figure 2. Azimuthal distribution of earthquakes (circles) used in this study. The triangle denotes the centre of the seismic stations. For each station, only the 
earthquakes with epicentral distance between 30 ◦ and 95 ◦ are used. 
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Figure 3. RFs for the (a) ARAG and (b) ITTB stations. Dashes mark the windows representing the predicted Pms phase arri v als based on the known crustal 
thickness from previous studies (Rivadeneyra-Vera et al. 2019 ; Cedraz et al. 2020 ). 
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AZ, and the amplitude of the T -component is observab le, possib ly
ndicating a strong crustal anisotropy beneath the station. Ho wever ,
he Pms arri v als on the R -component for the ITTB station do not
 ary substantiall y with BAZ, and the amplitude of the T -component
s small, possibly indicating no or weak crustal anisotropy beneath
he station. 

.  M E T H O D  

.1. Extract anisotropic parameters by JOF 

arameters of crustal anisotropy can be extracted from RFs be-
ause P -to- S conv erted wav es are split during propagation through
n anisotropic crust. Splitting of the P -to- S converted waves can
e described by the fast polarization direction ϕ and the delayed
ime of slow waves τ . As the set of fast and slow waves is polar-
zed from the same incident wave, one would expect the maximum
nd minimum amplitude in the R - and T -components before po-
arization, respecti vel y. Therefore, within a gi ven search range of
 and τ at a certain searching step, the best solution of ( ϕ, τ )
an be estimated by maximizing the amplitude of the anisotropy-
orrected R -component waves or minimizing the amplitude of the
nisotropy-corrected T -component waves. The rotation-correlation
Vinnik et al. 1984 ), minimum-energy and minimum-eigenvalue
ethods and their modified v ersions (e.g. Silv er & Chan 1991 ; Zang

t al. 2023 ) are suitable for retrieving anisotropy from single-BAZ
bserv ations. Howe v er, the Moho-conv erted Pms phase is easily
f fected b y noise (Fig. 4 c) and b y a dipping Moho (Bianchi et al.
010 ). Therefore, the extraction of crustal anisotropy parameters
y methods that using single-B AZ observations ma y not be a good
hoice. 

The amplitude and arri v al time of the Pms phase at a single sta-
ion exhibit harmonic variation with a period of 180 ◦ with respect
o BAZ (F ig. 5 b), w hich is another typical characteristic of RFs for
nisotropic crust. Using this harmonic feature in multiple-BAZ ob-
ervations can make the anisotropic parameter solutions more stable
ompared with the splitting characteristics of single-BAZ observa-
ions. For a dipping Moho, the Pms phase also exhibits harmonic
ariation with respect to BAZ, but with a 360 ◦ period. In cases
here the signal-to-noise ratio is high, the harmonic variation in the
ms phase can be used to distinguish between crustal anisotropy
nd a dipping Moho. In cases where the signal-to-noise ratio is low
nd where crustal anisotropy and a dipping Moho exist simultane-
usl y, a trade-of f between crustal anisotropy and a dipping Moho
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may bias the anisotropic solution even if the harmonic variation is 
considered. So, many studies tried to remove or fit the harmonic 
effect to obtain more stable isotropic structures (e.g. Shen et al. 
2013 ; Deng et al. 2015 ; Li et al. 2019 ; Feng 2021 ; Feng & Diaz 
2023 ), rather than resolving the anisotropic and/or dipping interface 
structures. 

Liu & Niu ( 2012 ) proposed a joint objective function (JOF) anal- 
ysis method for crustal anisotropy by using multiple-BAZ R - and 
T -components of the Pms phase under the assumption of a horizon- 
tal Moho. This method works well in cases where the fluctuation 
in the depth of the Moho is small. Wang et al. ( 2020 ) adapted the 
JOF method so that crustal anisotropy ( ϕ and τ ) and Moho geom- 
etry (strike and dip angle) can be simultaneously determined from 

multiple-B AZ Pms phases. How ever, the adapted JOF method re- 
quires a 4-D (four-parameter) grid search, and the computational 
cost is much higher than that in the case of the JOF method. Both 
the JOF and the adapted JOF analysis methods require the use of 
the harmonic variation in multiple-BAZ Pms phases to constrain 
anisotropic parameters, which means that the BAZ distribution of 
Pms observations can influence the solution’s reliability. Given that 
there is no marked fluctuation in Moho depth in the South American 
platform (Assump c ¸ ˜ ao et al. 2013 ; Ri v adeneyra-Vera et al. 2019 ), 
w e fa vour the more efficient JOF method over the adapted JOF 

method in this study. A brief re vie w of the principles of the JOF 

method is presented below. A detailed mathematic deri v ation has 
been presented by Liu & Niu ( 2012 ). 

The JOF method searches within a given range of fast polariza- 
tion direction ( ϕ) and splitting time ( τ ) with a defined step, and 
the set of parameters that best fits the objective function is the so- 
lution. The objective function of the JOF method is obtained by 
the weighted sum of three independent objective functions: (1) re- 
moving anisotropic effect from the R -component Pms by the given 
set of anisotropic parameters to maximize the stack of the cor- 
rected R -component Pms (denoted as ‘Max. Rsum’); (2) removing 
anisotropic effect from all R - and T -component Pms to maximize 
the cross-correlation of the corrected R -component Pms (denoted as 
‘Max. Rcc’) and (3) removing anisotropic effect from all R - and T - 
component Pms to minimize the stack of the corrected T -component 
Pms (denoted as ‘Min. Tsum’). The JOF considers both the correla- 
tion and periodicity of R - and T -component Pms , which can greatly 
improve the signal-to-noise ratio. In this study, the search range and 
step for ϕ were 0 ◦–180 ◦ and 5 ◦, respecti vel y. Considering that the 
splitting time of the Pms phase varies from ∼0.2 s in stable basin 
regions (e.g. Chen et al. 2013 ) to ∼0.7 s in seismically active re- 
gions (e.g. Nagaya et al. 2008 ), with a global average of less than 
∼0.3 s (Savage 1999 ), the search range and step for τ were set as 
0–1 and 0.025 s, respecti vel y. A bootstrap statistical method was 
used to e v aluate the solution. One hundred inversions were con- 
ducted for each station by randomly selecting 70 per cent of the 
Pms observations. The statistical standard deviation was adopted 
as the uncertainty of the solution. Considering that the signal-to- 
noise ratio of the R -component Pms is normally higher than that 
of the T -component, the weights of the three independent objec- 
tive functions were set as 0.4, 0.4 and 0.2, respecti vel y. Tests (not 
shown here) have shown that different weights can weakly change 
the absolute value of the uncertainty but have little impact on the 
relative magnitude of the uncertainty among different stations nor 
on the anisotropic parameter (Liu & Niu 2012 ). The width of the 
time window for marking Pms phases has a slight influence on JOF 

results. Considering that the width of the Pms phase is inversely 
proportional to the Gaussian width factor α, we set the time win- 
dow as [ −2.4/ α, 2/ α] relative to the a priori predicted Pms arrival, 
by trial and error. Examples in Figs 3 and 5 show that the adopted 
time window identified the Pms phases in the R - and T -components 
reasonably well. 

4.2. Synthetic testing 

For the JOF method, the signal-to-noise ratio, presence of dipping 
interfaces, and completeness of the data with respect to BAZs are 
key influences on the reliability of the solution. To assess how these 
three aspects influenced the results of the JOF method in the present 
study, we used the Raysum program (Frederiksen & Bostock 2000 ) 
to generate three-component synthetic seismic waves from a com- 
plete distribution of observed BAZs (0 ◦–360 ◦) with an interval of 
10 ◦ for a defined anisotropic crustal model (crustal thickness of 
40 km, fast polarization direction of 45 ◦, intensity of shear wave 
velocity anisotropy of 5 per cent with a theoretical splitting time of 
0.55 s, with the model termed ‘A45’). Then, synthetic RFs were cal- 
culated using the same Gaussian width parameter ( α = 3) applied 
to the observed data in the time-domain deconvolution (Ligorr ́ıa 
& Ammon 1999 ). Finally, the JOF method was applied to the syn- 
thetic RFs to extract (output) the crustal anisotropic parameters of 
the input model. The performance of the JOF method under dif- 
ferent situations w as e v aluated b y comparing the output and input 
anisotropic models. 

4.2.1. Noise 

Fig. 6 shows the synthetic RFs without and with random noise 
(Figs 6 a and b), as well as the results of JOF analysis (Figs 6 c and 
d). The amplitude of the random noise was set as 1.5 × the max- 
imum amplitude of the T -component Pms . For the noise-free case 
(Fig. 6 c), the extremes of the three independent objective functions 
(Max Rsum, Max Rcc and Min Tsum) calculated using the JOF al- 
most coincide with the input parameters. For the noise-contaminated 
case (Fig. 6 d), the extremes of the independent objective functions 
calculated using the JOF deviate substantially from the theoretical 
input model. Noise affects the splitting time τ and its uncertainty, 
but not in the fast polarization direction ( ϕ), meaning that the fast 
polarization direction from the JOF analysis has better reliability 
than the splitting time. 

4.2.2. Dipping sedimentary layer 

The amplitudes of the T -components of the ARAG and ITTB sta- 
tions at zero time (Fig. 3 ) show a regular positi ve–negati ve v ariation 
with respect to BAZ, which is a typical feature of a dipping inter- 
face below stations (McNamara & Owens 1993 ; Bianchi et al. 2010 ; 
Tan et al. 2018 ). Ho wever , the depth of the dipping interface is not 
definite. For tunately, the cr ustal thickness of the South American 
platform shows only minor lateral variations, which means that no 
marked Moho dip exists in the platform (Feng et al. 2007 ; Lloyd 
et al. 2010 ; Assump c ¸ ˜ ao et al. 2013 ; Ri v adeneyra-Vera et al. 2019 ). 
Considering that the two stations are located at the edges of sed- 
imentary basins (Fig. 1 ), the dipping interface inferred from the 
amplitudes of the T -components may correspond to shallow sedi- 
mentary layers rather than the Moho. 

To verify whether crust anisotropy can be affected by overlain 
dipping sedimentary la yer, w e generated another synthetic model 
similar to A45 in Fig. 6 , but added a 1-km-thick dipping sedimen- 
tary layer with a strike of 180 ◦ and dip angle of 15 ◦ on its upper 
surface (with the model termed ‘SD180A’). The same synthetic 
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Figure 6. Synthetic RFs for a crustal anisotropic model (a) without and (b) with noise, and their corresponding JOF analysis results (c) and (d), which show 

the results of anisotropic analysis by using the three independent objective functions (Max Rsum, Max Rcc and Min Tsum) and the JOF method (Joint). The 
colour gradient from blue to red is scaled to values between 1 and −1, representing the normalized objective function values. White crosses and dots denote 
the input and final output (inverted) anisotropic parameters, respecti vel y. The final solution and uncertainty of the JOF analysis are labelled at the top of panels 
(c) and (d). 
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est as that presented in Fig. 6 was then applied to model SD180A,
he results of which are shown in Fig. 7 . The T -component RFs for
rri v al times of 0–2 s in Figs 7 (a) and (b) exhibit a periodic positive–
e gativ e variation with BAZ, similar to the observed data in Fig. 3 .
o wever , the Pms phase in the range of 4–6 s does not appear to
e substantially affected by the dipping sedimentary layer. For the
oise-free case (Fig. 7 c), the extremes of the independent objective
unctions calculated using the JOF method almost coincide with
he theoretical input model parameters, consistent with the results
or the model without a dipping sedimentary layer (A45) (Fig. 6 c).
or the noise-contaminated case (Fig. 7 d), the extremes of the in-
ependent objective functions and JOF de viate substantiall y from
he theoretical input model parameters. A comparison of Figs 6 (d)
nd 7 (d) reveals that the dipping sedimentary layer increases the
isfit between the inverted fast polarization direction (030 ◦) and the

heoretical input model (045 ◦), but the misfit of 15 ◦ is still within
 reasonable range (smaller than a half-quadrant). Regardless of
he existence of a dipping sedimentary layer, the fast polarization
irection determined by the JOF method is more reliable than the
plitting time. Further tests that involved changing the anisotropy
ntensity (i.e. splitting time) in the theoretical model showed that
he JOF method cannot restore the absolute splitting time but can
estore the variation trend of intensity. Therefore, when analysing
he results of anisotropic intensity given by the JOF method, it is
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Figure 7. Same as Fig. 6 , but for a crustal anisotropic model with an overlying dipping sedimentary layer. 
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recommended that the comparative anisotropic intensity among dif- 
ferent seismic stations should be considered, but not the absolute 
intensity at a single station. 

4.2.3. Completeness of BAZ coverage 

As the JOF method fits the harmonic variation in RFs with respect 
to BAZ, the better the coverage of observed BAZ, the more reli- 
able the solution. The BAZ coverage for the synthetic RFs in the 
tests presented in Figs 6 and 7 is highly uniform and complete 
(i.e. observations are available for all directions from 0 ◦ to 360 ◦). 
Ho wever , in real studies the BAZ coverage of observations depends 
on the earthquakes’ distribution around seismic stations. There are 
fewer earthquakes to the south and southeast of the South American 
platform than to the west and northwest (Fig. 2 ). We, therefore, 
performed a similar synthetic test to that presented in Fig. 7 , but 
using part of the synthetic RFs from real BAZs for seismic stations 
in the South American platform, with results of this analysis being 
presented in Fig. 8 . A comparison of Figs 7 (d) and 8 (d) reveals that 
the lack of observed BAZs results in a change in the fast polariza- 
tion direction from 030 ◦ to 035 ◦, which is negligible (equi v alent to 
one searching step), and that the splitting time and its uncertainty 
change substantially from 0.25 to 0.45 s and from 0.14 to 0.18 s, 
respecti vel y. 

In summary, the results of the synthetic tests presented in Figs 6 –8 
show that the JOF method can ef fecti vel y extract crustal anisotropic 
parameters for a simple crustal model and for a complex crustal 
model (i.e. one with a dipping sedimentary layer) by using either 
complete or incomplete BAZ observations. Our testing also shows 
that the fast polarization direction is less affected by noise, by 
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Figure 8. Same as Fig. 7 , but with the distribution of observed BAZs for the South American platform. 
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ipping sedimentary layers, and by the degree of completeness of
bserved BAZs compared with the splitting time. Therefore, the
iscussion of results of JOF analysis should focus more on the
ast polarization direction and on the comparative intensity of the
plitting time at different measuring sites/stations rather than on the
bsolute splitting time. 

.  R E S U LT S  

ig. 9 shows examples of results of JOF analysis for the ARAG
nd ITTB stations. The anisotropy of the crust beneath the ARAG
tation ( τ = 0.36 s) is much stronger than that beneath the ITTB
tation ( τ = 0.02 s), consistent with the stronger harmonic variation
n the Pms phase at the former than the latter (Fig. 3 ). A half-
uadrant (i.e. 22.5 ◦) has pre viousl y been used as a measure of
ast polarization direction consistency (Wu¨stefeld & Bokelmann
007 ), with solutions with δϕ ≥ 22.5 ◦ being considered inconsistent.
lthough the splitting time of crustal anisotropy in different regions
f the world does not exceed 0.3 s on a verage (Sa vage 1999 ), the
ynthetic tests presented in Figs 7 and 8 with δτ of 0.14–0.18 s are
ble to reliably extract the fast polarization directions. Therefore,
e regard solutions with δτ ≤ 0.15 s as consistent. Solutions for
rust with no or weak anisotropy are difficult to determine and may
ave large misfit and uncertainty as shown by the synthetic test in
he Suppor ting Infor mation ( Fig. S5 ). We therefore regard solutions
ith weak anisotropy ( τ ≤ 0.15 s) and solutions with δϕ ≤ 22.5 ◦

nd δτ ≤ 0.15 s as reliable results. 
With respect to the above considerations, we obtained 53 ef fecti ve
easurements of crustal anisotropic parameters ( ϕ and τ ) and their

ncertainties ( δϕ and δτ ) for the South American platform (Fig. 10
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Figure 9. JOF analysis results for the (a) ARAG and (b) ITTB stations. Labels and colour scales are the same as in Fig. 6 . 
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Figure 10. (a) Crustal anisotropy and (b) its uncertainty for the South American platform. In (a), the three blue bars depict results for the three new portable 
seismic stations using data between 2021 and 2023; the magenta bars represent results for the RSBR stations using data between 2015 and 2019; the three 
black bars in the BP of NE Brazil are the fast polarization directions of upper-crustal anisotropy from previous local earthquake S -wave splitting analyses (do 
Nascimento et al. 2002 , 2004 ; Lopes et al. 2010 ), and their splitting times are smaller than 0.1 s and not to scale; grey lines are faults and magnetic lineaments 
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and Table 1 ). The three blue bars in Fig. 10 (a) depict results for the 
three portable seismic stations using data between 2021 and 2023, 
whereas the magenta bars represent results for the RSBR stations 
using data between 2015 and 2019. The portable stations recorded 
different earthquakes and have different numbers of observations 
compared with the RSBR stations, but the three blue bars have 
fast polarization directions and splitting times that are consistent 
with their respective adjacent magenta bars (Fig. 10 ), implying the 
consistency of the regional anisotropic structures revealed by our 
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Table 1. Results of crustal anisotropy 

Station Lon ( ◦) Lat ( ◦) Elev. (m) ϕ ( ◦) δϕ ( ◦) τ (s) δτ (s) 

AQDB −55.6997 −20.4758 158 15 7 0.14 0.05 
BB19B −48.5279 −21.0662 571 40 4 0.32 0.08 
BSCB −44.7635 −20.9984 935 70 9 0.22 0.10 
BSFB −40.8465 −18.8313 185 175 13 0.18 0.07 
C2SB −52.8377 −18.7688 757 120 22 0.42 0.13 
CLDB −55.7965 −10.8732 298 75 24 0.02 0.02 
CPSB −53.4432 −30.4123 290 50 20 0.06 0.05 
DIAM −43.6648 −18.2952 1280 70 11 0.14 0.06 
ESAR −44.4403 −23.0207 7 55 6 0.45 0.15 
FRTB −49.564 −23.3439 518 60 13 0.18 0.08 
ITAB −52.1313 −27.2349 459 0 47 0.06 0.09 
ITRB −50.359 −19.7042 426 110 7 0.20 0.07 
PARB −45.6246 −23.3421 777 65 6 0.38 0.07 
PCMB −51.2619 −21.6074 346 75 18 0.50 0.15 
PLTB −53.6044 −31.7637 412 35 5 0.32 0.06 
PP1B −54.8796 −17.6003 368 40 9 0.10 0.06 
PTGB −52.0118 −24.7209 981 25 14 0.10 0.06 
SJMB −41.1847 −18.7029 243 25 10 0.22 0.13 
TRCB −52.6357 −22.7946 490 70 3 0.68 0.09 
VABB −46.9657 −23.0021 866 160 19 0.10 0.04 
ARAG −51.812 −15.706 237 30 2 0.36 0.07 
CZSB −72.7049 −7.7299 196 150 7 0.08 0.03 
ETMB −66.2137 −9.8168 196 170 14 0.62 0.11 
IPMB −48.2117 −17.983 706 80 13 0.14 0.10 
ITTB −55.7343 −4.3672 118 145 20 0.02 0.04 
JANB −44.3112 −15.0581 693 150 11 0.16 0.07 
MACA −60.6838 −3.1615 75 95 3 0.20 0.03 
MALB −54.2649 −1.8529 27 25 3 0.52 0.07 
NPGB −55.3579 −7.0454 266 0 62 0.14 0.07 
ROSB −44.1246 −2.8967 60 20 12 0.40 0.14 
SALV −55.6936 −15.9012 213 95 7 0.26 0.07 
SDBA −44.903 −12.4085 623 170 6 0.42 0.06 
SGCB −67.0306 −0.1223 70 5 52 0.10 0.06 
SMTB −47.5886 −8.8617 292 15 4 0.42 0.08 
SNDB −51.2943 −11.9742 252 25 50 0.04 0.04 
TBTG −69.909 −4.1868 91 130 5 0.14 0.02 
NBIT −39.4346 −14.9307 188 85 44 0.05 0.23 
NBLA −37.789 −10.9925 196 5 54 0.10 0.05 
NBLV −36.9217 −7.3577 602 75 6 0.35 0.10 
NBMA −38.764 −7.3654 436 135 14 0.30 0.14 
NBMO −40.0414 −3.3107 104 175 76 0.14 0.05 
NBPA −37.1121 −5.7503 93 130 26 0.06 0.05 
NBPS −41.4457 −4.394 712 125 9 0.36 0.09 
NBPV −35.2905 −6.4175 89 155 6 0.16 0.04 
ABR01 −38.6959 −17.9646 38 50 15 0.20 0.08 
ALF01 −40.7252 −20.6169 22 95 22 0.06 0.06 
GUA01 −39.8053 −16.5835 198 165 40 0.02 0.03 
PET01 −47.2753 −24.2901 150 75 4 0.46 0.11 
RIB01 −40.3944 −19.3142 216 150 62 0.04 0.03 
SLP01 −45.1559 −23.3243 1117 55 6 0.32 0.09 
SIM2 −42.8058 −21.9154 345 80 3 0.46 0.10 
VL24 −49.4519 −4.88925 135 0 6 0.44 0.11 
TBOT −55.9373 −31.6827 160 60 6 0.24 0.06 
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.1. Uncertainties 

he uncertainty of the fast polarization direction ( δϕ) of the Guyana
nd Guapor é shields is relati vel y high (Fig. 10 b), which may be
elated to the weak anisotropy and thus, negligible polarization in
hese regions. Large δϕ or δτ values are also found in the centre
f the Paran á Basin and along the continental margin, possibly
ssociated with sediments in these re gions. Relativ ely small δϕ and
τ values are found along the TBL, in the SFC, along the margin
f the Paran á Basin, and in most of the Amazon Basin. 
.2. Crustal anisotropy 

he intensity of crustal anisotropy and the fast polarization direc-
ion of anisotropy (Fig. 10 a) exhibit stronger lateral variations with
istinct spatial zoning compared with the azimuthal anisotropy at
0 km depth in South America revealed by global seismic surface
 ave tomo graphy (Debayle et al. 2016 , see Fig. S6 in the Supporting

nformation). These variations are summarized as follows. (i) In the
 yan-shaded re gion in Fig. 10 (a), the fast polarization directions are
oughly parallel to the strike of the TBL, except for the nor theaster n

https://academic.oup.com/gji/article-lookup/doi/10.1093/gji/ggae267#supplementary-data
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Figure 11. Comparisons of crustal anisotropy (magenta bars) with (a) horizontal principal stress (grey bars) and (b) mantle anisotropy from previous XKS 
splitting analysis (blue, green and dark green bars). Statistics for crustal anisotropy, principal stress and mantle anisotropy for the stable South American 
platform are given in (c)–(e), respectively, with the overall mean value for each being shown at the top and marked as a red bar in each rose diagram. Data for the 
horizontal principal stress shown in (a) are from the World Stress Map Database (Heidbach et al. 2016 ). In (b), the thick grey arrow denotes the absolute plate 
motion direction relative to the hotspot reference model HS3-NUVEL1A (Gripp & Gordon 2002 ); the black dotted arrow denotes the synchronous rotation 
trend of the fast directions in the crustal and mantle anisotropy; the shades are the same as Fig. 1; and the inset histogram is the statistics of angle difference 
between the XKS and Pms results with blue, green and dark green bars corresponding to small, moderate and large angle differences. 
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segment close to the continental margin. In contrast, those outside 
the shaded region are oriented at a high angle to the TBL strike. (ii) 
The intensity of anisotropy along the passive continental margin in 
the green-shaded region is very weak, except for the Ribeira Belt in 
the southeast of this region, and the fast polarization directions tend 
to be parallel to the continental margin. (iii) In the Paran á Basin 
and Ribeira Belt (yellow-shaded region in Fig. 10 a), the fast polar- 
ization directions are mainly WNW–ESE and WSW–ENE, and the 
intensity of anisotropy is higher than in most of the other regions. 
(iv) In the western Amazon Basin (red-shaded region), the fast po- 
larization directions are generally consistent with the strike of the 
Andean orogen. (v) The fast polarization directions in the nor ther n 
SFC are approximately N–S, whereas those on the southern edge 
of the SFC are WSW–ENE, similar to those of the Ribeira Belt. 
(vi) The fast polarization directions vary strongly within BP, similar 
to the strong heterogeneity of upper-crustal anisotropy previously 
observed in local earthquake S -wave splitting data, as illustrated by 
the three black bars in Fig. 10 (a) (do Nascimento et al. 2002 , 2004 ; 
Lopes et al. 2010 ). (vii) Splitting times for the central Guapor é 
and southwestern Guyana Shield are too weak to produce dominant 
polarization directions. 

The histogram and rose diagram in Fig. 11 (c) give statistics for 
the splitting time ( τ ) and fast polarization direction ( ϕ) of crustal 
anisotropy. The splitting time varies mainly between 0 and 0.5 s, 
with a regional mean of 0.2 s. The fast polarization directions have 
a mean of NE (74 ◦, red line in Fig. 11 c), with three dominant 
directions of N–S, SSW–NNE and WSW–ENE. 

6 .  D I S C U S S I O N  

Results of the Pms splitting analysis reflect the existence of crustal- 
scale anisotropic structures, and the interpretation of these struc- 
tures can help to understand dynamic processes within the crust and 
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cross the crust–mantle boundary. To determine the possible mech-
nisms that have generated the obser ved cr ustal anisotropy in the
outh American platform, which is a tectonically stable region, we
nalysed the association of crustal anisotropy with tectonic stress
horizontal principal stress, Fig. 11 a) and mantle anisotropy from
revious XKS splitting analysis (Fig. 11 b). 

.1. Comparison with geodynamic observations 

.1.1. Tectonic stress 

rey bars in Fig. 11 (a) show the distribution of the maximum prin-
ipal stress field ( σ Hmax ) in the South America platform based on
he World Stress Map Database (Heidbach et al. 2016 ). σ Hmax is
riented mainly E–W, but none of the fast polarization directions
f whole-crust anisotropy from our Pms analysis (magenta bars in
ig. 10 a) or of upper-crustal anisotropy from previous local earth-
uake S -wave analysis (do Nascimento et al. 2002 , 2004 ; Lopes
t al. 2010 ; black bars in Fig. 10 a) shows a strong association with
he stress field. The rose diagram in Fig. 11 (d) displays the statis-
ics of σ Hmax presented in Fig. 11 (a). The stress direction is shown
n all azimuths but is dominated by the E–W direction. Although
he mean direction in ESE (100 ◦) is distinct from the three major
lusters of fast polarization direction of crustal anisotropy shown
n Fig. 11 (c), we cannot rule out the possibility of influence of the
urrent stress field on local-scale anisotropy due to the sparse dis-
ribution of our measurements in such a large geolo gicall y di verse
egion. 

.1.2. Mantle anisotropy 

ool-colour (blue, green and dark green) bars in Fig. 11 (b) show
he distribution of mantle anisotropy extracted from previous XKS
plitting analysis (James & Assump c ¸ ˜ ao 1996 ; Heintz et al. 2003 ;
ssump c ¸ ˜ ao et al. 2006 , 2011 ; Bastow et al. 2015 ; Chagas de Melo

t al. 2018 ). Except for the BP in NE Brazil, the lateral variation
n the mantle fast polarization directions in the platform is small
nd shows a WNW–ESE to WSW–ENE rotation trend consistent
ith that of the crustal fast polarization directions (magenta bars)

n the Paran á Basin and Ribeira Belt (denoted by the black dotted
rrow in Fig. 11 b). The inset histogram is the statistics of angle
ifferences between the XKS and Pms results, with blue, green
nd dark green colours indicating small, moderate and large angle
if ferences, respecti vel y. We can see that in Fig. 11 (b) most blue
ars with small angle difference concentrate in the Paran á Basin and
ibeira Belt. The histogram and rose diagram in Fig. 11 (e) display

he statistics of splitting time and fast polarization directions of
antle anisotropy presented in Fig. 11 (b). The mean splitting time

s 1.1 s, slightly higher than the global average of 1.0 s (Savage
999 ). The mean fast polarization direction is E–W (89 ◦), which
if fers b y 12 ◦ from the average crust anisotropy (77 ◦). 

.2. Tectonic implications 

.2.1. Dynamic metamorphism 

he Transbrasiliano–Kandi tectonic corridor consists of the TBL
n South America and the KSZ in Africa (Fig. 12 a). The corridor
as formed during the last tectonic episode of the Brasiliano-Pan
frican Oro gen y (Santos et al. 2008 ; Cordani et al. 2013a , b ) in
ssociation with the formation of the West Gondwana. Substantial (
trike-slip movement and reacti v ation along the NNE–SSW-striking
BL have been inferred (Santos et al. 2008 ; Amaral et al. 2017 ). 
Fast polarization directions around the TBL (cyan-shaded belt in

ig. 10 a) differ from those of neighbouring regions but are primar-
ly parallel to the strike of this shear zone, which suggests that the
lignment of crustal minerals and/or tectonic fragments beneath the
hear zone differs from that of neighbouring regions. Some split-
ing times are larger than the global upper-crustal average of 0.2 s
Liu & Niu 2012 ), implying that the anisotropy detected by the Pms
ata originates from the entire cr ust. The cr ustal-scale anisotropy
etected by the Pms data is parallel or oblique to the trend of TBL
nconsistent with the present-day tectonic stress field (Fig. 11 a) and
ith the mantle anisotropy detected by XKS (dark green bars along
BL in Fig. 11 b). Therefore, the anisotropy along the TBL shear
one is more likely to be related to crustal deformation during the
ormation of the shear zone and reacti v ation. Crustal minerals and
ectonic fragments beneath the TBL might have become realigned
uring shear-zone formation and reacti v ation involving strong dy-
amic metamorphism and the fragmentation and recrystallization
f crustal rocks in the region. Fur ther more, the interpretation of
eismic tomographic models has suggested that the TBL is a deep
hear zone extending down to the lithosphere (e.g. Feng et al. 2007 ;
iardelli et al. 2022 ), implying that such dynamic metamorphism
 as suf ficientl y strong to defor m the entire cr ust, even including
art of the lithospheric mantle. 

.2.2. Continental rifting 

he passive continental margin along the eastern and northeast-
rn boundaries of the South American platform is seismically in-
ctive at present but represents the location of continental rifting
f West Gondwana during the earliest Mesozoic (Cordani et al.
009 , Fig. 12 ). Although the passive continental margin extends for
housands of kilometres, most splitting times of crustal anisotropy
except for the Ribeira Belt) are consistently very small, measuring
ess than ∼0.1 s (a green-shaded region with a width of ∼250 km
n Fig. 10 a). The fast polarization directions in the green-shaded re-
ion in Fig. 10 (a) tend to be oriented along the margin (i.e. parallel
o the rift). Except for the Ribeira Belt of southeastern Brazil, the
ast polarization directions of crustal anisotropy differ from those
f mantle anisotropy along the passive margin (dark green bars in
ig. 11 b), implying different deformation regimes for the crust and
antle. 
Continental rifts normally have a long history of tectonic ex-

ension (Walker et al. 2004 ; Illsley-Kemp et al. 2017 ; Brune et al.
023 ), which is considered to be one of the main geodynamic mech-
nisms of str uctural defor mation (Fig. 12 b). Studies of deformation
rocesses in the presently active intracontinental rift of the East-
rn African Rift System have reported rift-parallel fast polarization
irections in both the crust (Illsley-Kemp et al. 2017 ) and the man-
le (e.g. Reed et al. 2017 ; Tepp et al. 2018 ; Ebinger et al. 2024 ).
s the passive continental margin of the South American platform
as not undergone deformation after the breakup of West Gond-
ana (Cordani et al. 2009 ), it is possible that the rift-parallel fast
olarization directions of weak crustal anisotropy were generated
y the mild development of extensional strain fabrics during the
ontinental rifting (Fig. 12 b), especially in the green-shaded region
n BP where tectonic faults are nearly perpendicular to the margin
Fig. 10 a). 
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Figure 12. (a) Schematic map of the separation of South American and Africa and (b) corresponding dynamic model. In (a), the present topography is shown; 
data for the red-shaded basaltic lava are from Coffin et al. ( 2013 ); thick dashes mark the approximate location of the transect crossing the Paran á–Etendeka LIP 
shown in (b). TBL = Transbrasiliano Lineament in South America and KSZ = Kandi Shear Zone in Africa. In (b), magenta bars indicate the fast polarization 
directions of crustal anisotropy; the blue-shaded region labelled ‘rifting’ corresponds to the region of strong anisotropy observed in this study. 
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6.2.3. Mantle upwelling 

During the initiation of the separation of South America from 

Africa, large volumes of basalt lava were extruded from the Tristan–
Gough plume and formed the Paran á–Etendeda LIP (Renne et al. 
1992 ; Peate 1997 ; Granot & Dyment 2015 ; Svensen et al. 2018 , 
Fig. 12 ). The mantle upwelling may influence the lithosphere be- 
neath the area covered by LIP, for example, the Paran á Basin and 
Ribeira Belt. 

The fast polarization directions for the crust (magenta bars in 
Fig. 11 b) and for the mantle (cool-colour bars in Fig. 11 b) show 

a similar change in orientation from WNW–ESE to WSW–ENE 

in the Paran á Basin and the same WSW–ENE orientation in the 
Ribeira Belt (dotted arrow in Fig. 11 b). Similar polarization in crust 
and mantle can occur under simultaneous or coupled crustal–mantle 
deformation during the same tectonic event. 

Previous studies have demonstrated that fast polarization direc- 
tions of mantle anisotropy tend to be parallel to and rotate near 
craton’s boundaries, implying that the geometry of the cratons 
themselves can influence subsequent lithospheric deformation (e.g. 
Assump c ¸ ˜ ao et al. 2011 ; Tepp et al. 2018 ). So, the rotation trend 
of fast directions of mantle anisotropy beneath the cratonic Paran á 
Basin and beneath the Ribeira Belt on the southern border of SFC 

(dotted arrow in Fig. 11 b) may be a result of the combined effect of 
fossil lithospheric deformation and modern mantle flo w. Ho wever , 
the mean splitting times observed for the crust of the Paran á Basin 
and Ribeira Belt ( ∼0.4 s) are obviously higher than that for the 
whole platform (0.2 s). An additional mechanism must be causing 
the strong crustal anisotropy and similar crustal–mantle polarization 
in the region. 

Magmatism during mantle upwelling can result in the formation 
of high-pressure rocks (e.g. blueschist and/or eclogite) that manifest 
anisotropy in the middle to lower crust (Cossette et al. 2016 ). Local 
stress can be changed b y underl ying magmatic processes and thus 
disrupt the fast orientation of anisotropy (Bacon et al. 2022 ). So, 
the similar crustal and mantle fast polarization directions and strong 
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r ustal anisotropy obser v ed in the P aran á Basin and the Ribeira Belt
ight therefore be related to changes in rock texture or in stress-

nduced structures caused by magmatism during the breakup of
est Gondwana or by the combined effect of fossil lithospheric

abric and modern mantle flow (Fig. 12 ). 

.  C O N C LU S I O N  

arameters of crustal anisotropy for 53 seismic stations in the South
merican platform were extracted by splitting analysis of teleseis-
ic P -wave RFs. Our results show distinct spatial zoning with re-

pect to anisotropic characteristics: (1) fast polarization directions
f anisotropy observed near the TBL shear zone tend to be along
he strike of the shear zone; (2) anisotropy observed along the pas-
ive continental margin in the east and northeast of the platform is
eak, but the fast polarization directions tend to be oriented par-
llel to the margin and (3) fast polarization directions observed in
he crust and mantle of the Paran á Basin and Ribeira Belt show a
imilar WNW–ESE to WSW–ENE rotation trend. The identified
rustal anisotropy is not associated with the current tectonic stress
eld or plate motion direction but is related to the evolution of West
ondwana, including the formation of the large-scale TBL shear

one, tectonic extension during the rifting of West Gondwana, and
agmatism during the breakup of West Gondwana. 
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