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INTRODUCTION

Seismic anisotropy in upper-mantle rocks is 
due mainly to the lattice preferred orientation 
(LPO) of olivine (e.g., Nicolas and Christensen, 
1987), the most abundant and deformable mineral 
in the upper mantle. Because LPO depends on 
the strain history, the study of seismic anisotropy 
has been extensively used to obtain information 
on the strain-induced fabric within Earth’s inte-
rior. Anisotropy in the upper mantle may result 
from both past and current deformation. Past 
orogenic processes can imprint the lithospheric 
upper mantle with a crystallographic fabric that 
can remain stable after thermal relaxation, which 
is often called “frozen anisotropy” (e.g., Nico-
las and Christensen, 1987; Vauchez and Nicolas, 
1991; Ben Ismaïl and Mainprice, 1998; Savage, 
1999; Fouch and Rondenay, 2006; Plomerová et 
al., 2008). Current deformation and fl ow of the 
asthenospheric mantle, which is related to plate 
motion, also causes olivine LPO. This is the 
main cause of upper-mantle anisotropy beneath 
oceanic basins (e.g., Tommasi, 1998; Wolfe and 
Silver, 1998; Conrad et al., 2007).

A shear wave propagating through an aniso-
tropic medium is split into two shear waves (a 
fast and a slow component) polarized in mutu-
ally perpendicular directions. Thus, polariza-
tion analysis of SKS phases (a nearly vertical 
propagating S wave converted from a P wave at 
the core-mantle boundary) yields information 
mainly on the upper-mantle anisotropy beneath 
the receiving seismic station. Anisotropy can 
also be observed in the crust, both from the 
preferred orientation of cracks (e.g., Crampin, 
1985) and from the metamorphic grain (Bar-
ruol and Mainprice, 1993), in the transition 
zone and lower mantle, (e.g., Trampert and van 
Heijst, 2002; Tommasi et al., 2004; Wookey 
et al., 2002) and in the D″ layer (Kendall and 
Silver, 1998). Although anisotropy measured 
with SKS phases represents the vertically inte-
grated effect of anisotropy from the core-man-
tle boundary to the surface, seismological and 
petrophysical studies (e.g., Silver, 1996; Sav-
age, 1999; Gung et al., 2003) indicate that the 
main source of anisotropy that causes splitting 
of teleseismic SKS waves is located within the 
fi rst 400 km of the upper mantle.

SKS splitting is easily measured, and there 
are now large data sets for most continents 
from which inferences about upper-mantle 

deformation processes can be made. Along oro-
genic belts, such as the Andean chain, complex 
anisotropy patterns can arise, and strong infl u-
ence from the asthenospheric wedge is com-
mon; an example is the trench-parallel fl ow fi rst 
observed by Russo and Silver (1994). However, 
even in midplate continental areas, the main 
cause of the anisotropy that produces SKS split-
ting is still controversial (e.g., Savage, 1999; 
Fouch and Rondenay, 2006). In stable conti-
nental areas, Vinnik et al. (1992) attributed most 
of the observed anisotropy to fl ow in the asthe-
nosphere due to absolute plate motion. On the 
other hand, Silver and Chan (1991) and Silver 
(1996) argued that the measured fast-polariza-
tion directions correlated better with the orien-
tation of the tectonic structures resulting from 
past or ongoing deformation of the lithosphere 
than with absolute plate motion (e.g., Barruol 
et al., 1997a). Savage (1999) and Fouch and 
Rondenay (2006) reviewed the debate regarding 
the dominant cause of anisotropy in stable con-
tinental areas, that is, lithospheric (frozen) ver-
sus asthenospheric (current upper mantle fl ow). 
They recognized that no single hypothesis can 
easily explain all of the observations and that 
both lithospheric and asthenospheric anisot-
ropies contribute to the observed shear-wave 
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splitting beneath continents, with astheno-
spheric fl ow perhaps being channeled around 
deep lithospheric keels (e.g., Bormann et al., 
1996; Barruol et al., 1997b; Fouch et al., 2000; 
Assumpção et al., 2006).

Despite this long-lasting debate, inter-
pretation of the main origin of upper-mantle 
anisotropy that causes SKS splitting is far from 
resolved. For example, Vecsey et al. (2007) and 
Eken et al. (2010) showed that strong regional 
variations of the splitting parameter in Fen-
noscandia can only be explained by predomi-
nantly frozen anisotropy in the Precambrian 
mantle lithosphere. On the other hand, Wang et 
al. (2008) also used short-scale changes in SKS 
splitting parameters across the Colorado Plateau 
and the Great Basin as evidence of a transition 
from fl ow due to absolute plate motion beneath 
the Colorado Plateau to edge-driven small-scale 
fl ow around a cratonic keel.

Few seismic anisotropy measurements have 
been made in South America east of the Andes, 
and lithospheric, as well as asthenospheric, 
sources have been invoked as causes of SKS 
splitting. James and Assumpção (1996) showed 
that the fast-polarization direction in SE Brazil 
varies according to structural trends and favored 
frozen anisotropy in the lithosphere as the main 
mechanism causing SKS splitting. On the other 
hand, data from a few stations in southern South 
America (Helffrich et al., 2002) have revealed 
fast-polarization directions parallel to the pres-
ent absolute plate motion. Detailed analysis of 
SKS splitting in the transcurrent Ribeira fold 
belt (SE Brazilian coast) by Heintz et al. (2003) 
suggested contributions from both lithospheric 
and asthenospheric sources. More recent analy-
sis of a larger data set in SE and central Brazil 
(Assumpção et al., 2006) indicated that most 
fast-polarization directions are roughly paral-
lel to the absolute plate motion (in the hotspot 
reference frame) and that deviations from this 
absolute plate motion could be attributed to 
mantle fl ow around a cratonic keel.

Conrad et al. (2007) compared a global 
data set of SKS splitting with numerical mod-
els of upper-mantle fl ow. SKS data for oceanic 
basins showed good correlation with upper-
mantle fl ow, confi rming the predominance of 
asthenospheric sources for oceanic anisotropy. 
However, for the continents, the generally 
poor correlation was interpreted as indicating 
a strong infl uence of frozen anisotropy in the 
continental lithosphere. Here, we present new 
average measurements of SKS splitting from 
21 additional stations (Fig. 1), many of them 
from the Brazilian Lithosphere Seismic Project 
2002 (BLSP02; Feng et al., 2004; Lloyd et al., 
2010). This new data set, which is especially 
focused on northern Brazil, will contribute to 

the comparison between observations and the-
oretical models.

The stable South American platform is com-
posed of two major Archean to Mesoproterozoic 
cratons (Fig. 1): the Amazon craton, exposed 
in the Guyana and Guaporé Shields, and the 
São Francisco craton. Early Archean units are 
found in the northeastern part of the Amazon 
craton (Central Amazonian Province, older than 
2.3 Ga; Tassinari and Macambira, 1999; Fig. 1, 
inset) and the middle part of the São Francisco 
craton (Alkmim et al., 2001). Surface-wave 
tomography by Feng et al. (2004, 2007) showed 

that the highest S-wave velocity anomalies in 
the depth range of 150–250 km occur in these 
two older provinces; such anomalies indicate 
areas with the thickest lithosphere. Older (Pro-
terozoic) cratonic fragments have been inferred 
to be buried beneath the Parnaíba and Paraná 
Basins (e.g., Cordani et al., 1984; Julià et al., 
2008; as shown in Fig. 1, inset). Surface-wave 
tomography (Feng et al., 2007) and body-wave 
tomography (Schimmel et al., 2003; Rocha 
et al., 2010) show generally high velocities 
beneath these two large basins, which is consis-
tent with these old cratonic basements.
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Figure 1. Stations with new measurements of SK(K)S splitting in South America 

(shown as triangles; see Table 1). Circles are stations with no clearly defi ned SKS split-

ting. Colors show the main geological provinces in the stable part of South America 

(Schobbenhaus and Bellizzia, 2000). SFC—São Francisco craton. The geological prov-

inces composed mainly of Neoproterozoic (Brasiliano) fold belts are: Tocantins (TP), 

Borborema (BP), and Mantiqueira (MP). The inset shows the major cratons and the 

inferred cratonic blocks beneath the Paraná and Parnaíba Basins; the darker pink in the 

Amazon craton is the oldest Archean nucleus (Tassinari and Macambira, 1999).
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The fi nal amalgamation of all of these large 
and small cratonic blocks, which formed part of 
the Gondwana supercontinent in Neoprotero-
zoic–early Paleozoic times (Brasiliano orogen), 
occurred through several fold belts distributed 
in three tectonic provinces of the Brasiliano oro-
gen: Tocantins (between the Amazon and São 
Francisco cratons), Mantiqueira (along the SE 
coast), and Borborema in NE Brazil (Fig. 1). 
Soon after the assemblage of Gondwana, four 
major intracratonic basins started to form in the 
early Paleozoic: the Solimões-Amazon, Parecis, 
Parnaíba, and Chaco-Paraná Basins.

MEASUREMENTS OF SKS SPLITTING

Two shear-wave splitting parameters were 
measured at each station assuming a predomi-
nantly horizontal orientation of the fast sym-
metry axis: (1) ϕ, the polarization direction 
of the fast S wave, which is regarded as a reli-
able proxy for the orientation of the [100] axis 
of olivine in the upper mantle; and (2) dt, the 
delay between the arrival times of the fast and 
slow split waves. The value of dt is propor-
tional to the intrinsic anisotropy and thickness 
of the anisotropic layer. These two parameters 
were calculated with Silver and Chan’s (1991) 
algorithm: The fast polarization direction (ϕ) 
and the lag time (dt) were determined through 
a grid search by correcting the observed com-
ponents from the anisotropy effect to minimize 
the energy on the corrected transverse compo-
nent. Examples are shown in Figures 2 and 3 
for stations IGCB and BEB near the northern 
coast. Most of the analyses were made using 
the program Splitlab (Wüstefeld et al., 2008), a 
script for MatlabTM. The infl uences of fi ltering 
and time windowing were checked, and only 
robust data showing no signifi cant variations 
with respect to small changes in the window 
size were considered reliable.

Earthquakes with magnitude larger than 5.5 
m

b
 and in the distance range of between 90° 

and 130° were analyzed for SKS and SKKS 
phases; the distance range 130°–165° was 
also used for SKKS phases. Individual results 
were classifi ed as “good” or “fair.” “Good” 
results exhibit small errors (<15° and ≤0.4 s 
for ϕ and dt, respectively), show good signal-
to-noise ratios in the transverse components, 
show elliptical particle motion in the horizon-
tal components before correction and linear 
motion after anisotropy removal, and have 
good waveform coherency between the fast 
and slow shear waves. Results satisfying three 
of the four criteria were classifi ed as “fair,” 
and those satisfying only two or less were dis-
carded, as was done by Heintz et al. (2003) and 
Assumpção et al. (2006). The examples shown 

in Figures 2 and 3 are “good” measurements: 
ϕ = −58° ± 5°, dt = 0.7 ± 0.2 s (IGCB) and 
ϕ = −50° ± 8°, dt = 1.3 ± 0.4 s (BEB).

When the wave has an initial polarization 
that is parallel or orthogonal to the fast- or slow-
polarization direction, or if there is no anisot-
ropy beneath the station, no splitting will occur, 
and no energy will be observed on the transver-
sal component. Such a measurement is known 
as “null” and would be expected along the “null 
lines” in Figure 4. For the stations shown in Fig-
ure 4, no clear null was observed (a null mea-
surement usually requires data with very high 
signal-to-noise ratios).

Here, we assume anisotropy to be located 
predominantly in a single layer with horizon-
tal symmetry axes. Figure 4 shows our mea-
surements at six stations in northern Brazil as 
a function of the event back azimuth. Stations 
CRJB, IGCB, PTGA, and SNVB show con-
sistent fast directions (to within ±15°) from 
different back azimuths. As a fi rst approxima-

tion, these stations are then consistent with the 
hypothesis of single values of φ and dt. More 
complex anisotropy geometries (double aniso-
tropic layers or dipping axes of symmetry) are 
not ruled out but require many more observa-
tions from different back azimuths and cannot 
be considered here.

We classifi ed the average value for each sta-
tion as either A or B quality. A station ranked 
as “A” quality has four or more consistent 
measurements with a 95% confi dence limit in 
the mean fast-polarization direction smaller 
than 10°. Uncertainties between 10° and 25° 
or with less than four measurements were con-
sidered “B” quality. Confi dence limits larger 
than 25° may indicate weak anisotropy or more 
complex anisotropic geometries and were not 
included in our analysis.

For the permanent station PTGA, we mea-
sured 13 SK(K)S phases, which gave average 
values of φ = 87° ± 7° and dt = 1.1 ± 0.3 s. 
Krüger et al. (2002) analyzed 20 phases giving 

A C

B

Figure 2. Example of a splitting determination for a SKKS phase at the IGCB station (Igarapé Açu, 

Pará, northern Brazil). (A) Original and corrected radial and transverse components. (B) Original 

particle motion, particle motion after removal of the anisotropy effect. (C) Contour lines of the 

transverse energy for corrections by various delays (“lag”) and fast-polarization directions (“azi-

muth”). This measurement is ranked as “good quality” with φ = –58° (±5°) and dt = 0.7 s (±0.2 s).
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A C

B

Figure 3. Example of a splitting determination 

for a SKKS phase at the BEB station (Belém, 

PA, northern Brazil). (A) Original and corrected 

radial and transverse components (traces not to 

scale). (B) Original particle motion and particle 

motion after removal of the anisotropy effect. (C) 

Contour lines of the transverse energy for correc-

tions by various delays (“lag”) and fast-polariza-

tion directions (“azimuth”). This measurement is 

ranked as “good quality” with φ = −50° (±8°) and 

dt = 1.3 s (±0.4 s).
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Figure 4. Splitting results from the stations SNVB, BEB, IGCB, SAML, PTGA, and CRJB in northern Brazil, plotted with respect to the back azimuths of 
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the expected loci for null results.



LITHOSPHERE | Volume 3 | Number 2 | www.gsapubs.org 177

Upper-mantle seismic anisotropy from SKS splitting in the South American stable platform | RESEARCH

different average directions at 110° ± 10°. Most 
events with good signal-to-noise ratios have a 
SW back azimuth. For these SW events, our 
measurements give a systematic difference of 
17° with respect to Krueger et al.’s values but 
are consistent with the average direction of 101° 
± 10° that was determined by Ivan et al. (2001).

Table 1 shows the average results for the 21 
new stations analyzed here, and Figure 5 com-
pares all available results for the stable part of 
South America (from this work and previously 
published papers; see Fig. 5 legend), with the 
S-wave velocity anomalies from the surface-
wave tomography of Feng et al. (2007). Quali-
ties A and B are indicated by the thicknesses of 
the bars in Figure 5.

RESULTS AND DISCUSSION

Pattern of Station Averages

A compilation of previous fast directions 
in South America, together with our new data 
(Table 1), is presented in Figure 5. In the Andes 
(despite a somewhat large scatter), a trend of 
coast-parallel fast directions can be seen, as was 
fi rst recognized by Russo and Silver (1994). 
This trend is attributed mainly to trench-par-
allel asthenospheric fl ow beneath the subduc-
tion zone. In some areas, a complex pattern 
can arise from small-scale convection in the 
asthenospheric wedge, as well as from con-
tributions from both the South American and 

the subducted Nazca lithospheres (Polet et al., 
2000; Anderson et al., 2004). Near the Carib-
bean border, the infl uence of E-W transcurrent 
motion at the plate border can be seen in the data 
of Piñero-Feliciangeli and Kendall (2008) and 
Growdon et al. (2009).

In the stable part of South America (east of 
the Andean front), a more uniform pattern can 
be recognized, where most fast directions are 
oriented E-W or ENE-WSW and roughly paral-
lel to the absolute plate motion in the hotspot 
reference frame (HS3-NUVEL-1A model by 
Gripp and Gordon, 2002). This can be seen in 
the histogram in Figure 6. Most of the large 
deviations from this absolute motion arise from 
the NW-SE directions at the southern part of the 
São Francisco craton, around the high S-wave 
velocity anomaly (Fig. 5). This was described 
by Assumpção et al. (2006) as being mainly 
attributable to asthenospheric fl ow around the 
southern keel of the São Francisco craton.

The positive and negative S-wave anoma-
lies derived from the surface-wave tomography 
(Feng et al., 2007) are only a qualitative indi-
cation of areas with a thicker or thinner litho-
sphere, respectively, because no “direct” mea-
surements (i.e., using seismic-converted phases) 
of lithospheric thickness have been made. 
However, direct estimates of the lithosphere-
asthenosphere boundary using S-wave receiver 
functions (Heit et al., 2007) are remarkably con-
sistent with the S-wave anomalies seen in Fig-
ure 5. Because of the large number of sizable 

earthquakes necessary to obtain a good stacked 
S-wave receiver-function, a reliable lithosphere-
asthenosphere boundary signal is only available 
in South America for some permanent stations 
with many years of operation. The thickest 
lithosphere (160 km) was found beneath station 
BDFB in central Brazil, where S-wave anoma-
lies are about +3% at 150 km depth (Fig. 5). 
A very thin continental lithosphere (less than 
100 km) is generally found to be associated 
with negative S-wave anomalies of −3%, such 
as beneath stations CPUP and TRQA, or very 
close to the coast (e.g., RCBR in NE Brazil 
and MPG in French Guyana). Station SAML 
in the Amazon craton shows an intermediate 
lithospheric thickness (130 km) corresponding 
to very small velocity anomalies. In the Paraná 
Basin, a stack of about 10 temporary stations 
shows an average lithosphere-asthenosphere 
boundary of 120 km depth, which is also con-
sistent with the average S-wave anomalies less 
than 2% in that area (Fig. 5).

The generally good correlation of litho-
sphere-asthenosphere boundary depths and 
S-wave anomalies implies that the tomography 
results do indicate two separate cratonic keels, 
one in the eastern part of the Amazon craton, 
and the other in the southern part of the São 
Francisco craton. Despite the few anisotropy 
measurements available for the Amazon region, 
the fast-polarization directions seem to sug-
gest fl ow roughly parallel to the absolute plate 
motion (APM) to the east of the Amazonian keel 
(defi ned by the large positive S-wave anomaly 
centered at 4°S, 52°W) and a possible closing 
of the fl ow just behind the keel (at stations BEB 
and IGCB). This suggests a deviation of upper-
mantle fl ow around the keel of the Amazon cra-
ton, as was similarly observed around the São 
Francisco keel in southeastern Brazil (Assump-
ção et al., 2006). In addition, the WNW-ESE 
orientation of the fast directions observed in 
the southern part of the Chaco-Paraná Basin 
(near latitudes 26°–27°S and beneath stations 
CPUP and ITAB) could perhaps be attributed to 
asthenospheric fl ow in a low-velocity channel 
beneath a thin lithosphere.

Comparison with Flow Model

Conrad et al. (2007) compared measured 
fast-polarization directions (from a global com-
pilation of SKS analyses) with upper-mantle 
fl ow directions derived from convection models. 
While the correlation was very good for ocean-
island stations (indicating a predominance of 
asthenospheric fl ow beneath the lithosphere-
asthenosphere boundary as the main cause of 
SKS splitting in oceanic plates), it was much 
weaker for continental areas. Conrad et al. 

Table 1. New SKS splitting results for the stable part of South America

Station Latitude 
(°S)

Longitude 
(°W)

ϕ 
(°)

dϕ
(°)

δt 
(s)

dδt 
(s)

N

APOB 18.5471 52.0251 83 8 1.9 0.4 4
APOB2 18.5081 52.0740 102 13 1.3 0.2 9
AQDB* 20.4760 55.6990 90 15 0.9 0.2 4
BEB* 1.4503 48.4443 137 12 1.4 0.3 3
bebe 21.0400 48.5500 72 9 0.9 0.2 8
BSFB 18.8313 40.8465 73 6 1.6 0.3 6
CCUB 18.4250 51.2120 70 10 2.0 1.0 2
CPUP 26.3306 57.3309 104 10 1.2 0.1 11
CRJB* 6.1702 50.1546 71 4 1.1 0.1 4
IGCB* 1.1272 47.6085 124 6 0.6 0.1 3
ITAB* 27.3082 52.3411 104 4 1.3 0.2 6
ITPB* 15.9887 39.6282 99 2 1.4 0.2 1
NOVB* 28.6105 49.5582 82 5 1.6 0.2 2
PDCB* 12.5306 39.1238 33 11 1.0 0.3 4
PTGA 0.7308 59.9666 87   10 1.1 0.3 13
RCBR 5.8275 35.9014 9 11 1.9 0.2 9
RCLB 22.4191 47.5310 85 9 0.9 0.2 14
SAML 8.9488 63.1832 76 9 1.0 0.3 11
SNVB* 0.9051°N 51.8771 84 10 1.1 0.2 5
TRQA 38.0567 61.9795 134 10 1.2 0.1 16
TRSB* 4.8730 42.7059 105 20 0.8 0.3 9

Note: ϕ—fast polarization direction; δt—splitting delay time; dϕ and dδt—
uncertainties (95% confi dence limit); N—number of measurements. Station “bebe” 
is the average measurement for two nearby stations that are less than 5 km apart.

*Stations were deployed by the BLSP02 project.
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(2007) interpreted this result as evidence for a 
signifi cant contribution from frozen anisotropy 
within the continental lithosphere. The convec-
tion pattern was driven by density contrasts esti-
mated from seismic velocity anomalies using 
the global tomographic model S20RTSb of Rit-
sema et al. (2004). The convection model used 
the lithospheric thicknesses of the rigid plates 
derived from seismic velocities (such as used by 
Gung et al., 2003; Conrad and Lithgow-Bertel-

loni, 2006). As an example of the relatively poor 
correlations for the continents, Figure 7 com-
pares all SKS fast-polarization directions in the 
stable part of South America with the expected 
fl ow directions obtained from Conrad et al.’s 
(2007) preferred numerical model of upper-
mantle convection.

Figure 8 shows the fl ow directions at 225 km 
depth (black bars) given by the convection 
model of Conrad et al. (2007). This depth shows 

the best correlation with the fast polarization 
directions for the continents on a global scale 
(Conrad et al., 2007). Figure 8 also shows the 
200 km contour (dashed blue line) for litho-
sphere thickness in midplate South America, 
which corresponds to a +2% velocity anomaly 
in the S20RTSb model as used by Gung et al. 
(2003) and by Conrad and Lithgow-Bertelloni 
(2006). One can see that the calculated fl ow 
direction is diverted by the thick lithosphere in 
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Figure 5. SK(K)S fast directions from this paper (Table 1; stations in Fig. 1) and other 

published results (Russo and Silver, 1994; James and Assumpção, 1996; Polet et al., 

2000; Krüger et al., 2002; Heintz et al., 2003; Anderson et al., 2004; Assumpção et al., 

2006; Piñero-Feliciangeli and Kendall, 2008; Growdon et al., 2009; Masy et al., 2009). 

The bar lengths indicate delay times; bar thicknesses denote the qualities of the sta-

tions’ average results as in Table 1. Open circles are stations with no reliable SKS 

measurements. Colors indicate S-wave velocity anomalies at 150 km depth from the 

surface-wave tomography of Feng et al. (2007). Numbers are depths to the lithosphere-

asthenosphere boundary from the S-wave receiver functions (Heit et al., 2007) and 

are identifi ed by station names. The open arrows indicate the absolute motion of the 

South American plate in the hotspot reference frame HS3-NUVEL-1A (Gripp and Gor-

don, 2002). Thick white lines are plate boundaries; the thin blue line is the Andean 

plateau defi ned at 3000 m altitude. SFC—São Francisco craton.

Figure 6. Comparison of all station-average fast-

polarization directions (FPD) with the absolute 

plate motion (APM) given by the HS3-NUVEL-1A 

model (Gripp and Gordon, 2002). Gray columns 

are measurements from within the stable plat-

form (i.e., all of the continent except for the 

Andean belt), and white columns include sta-

tions in the Andean belt.

Figure 7. Misfi t between all station-average fast-

polarization directions (FPD) and the directions 

of the upper-mantle fl ow calculated using the 

model of Conrad et al. (2007). Gray columns are 

measurements from within the stable platform 

(i.e., all of the continent except for the Andean 

belt), and white columns include stations in the 

Andean belt.
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northern Brazil. Figure 8 also shows the two 
separate cratonic keels (solid blue lines) corre-
sponding to a +4% velocity anomaly at 150 km 
in Feng et al.’s (2007) regional tomography 
model. The observed SKS fast directions are 
shown as red bars calculated by averaging sta-
tion values around grid points spaced 1° apart.

We believe that the poor correlation 
between the observed fast-polarization direc-
tions and the numerically calculated upper-
mantle fl ow in South America (Fig. 7) may be 
due to the poor resolution of the lithospheric 
thickness used in Conrad’s global model. For 
example, in central Brazil (near 15°S, 50°W 
in Fig. 8), the large discrepancies between the 

observed SKS fast-polarization directions and 
the fl ow directions are probably caused by the 
deviation of the calculated fl ow around the 
southern limit of the S20RTSb cratonic keel 
(near 10°S). The more detailed tomography 
model of Feng et al. (2007) shows that the fl ow 
deviation should actually occur much further 
south, around the deep keel of the São Fran-
cisco craton near 20°S.

CONCLUSIONS

Here, we present new measurements of 
SKS splitting for the Amazon region of north-
ern Brazil, a large, previously unsampled area 

of the South American stable platform. In 
continental midplate South America, the fast-
polarization directions are relatively uniform 
and show better correlation with the absolute 
plate motion (HS3-NUVEL-1A reference 
frame) than with asthenospheric fl ow direc-
tions estimated from large-scale models of 
upper-mantle convection (Conrad et al., 2007). 
However, the few measurements in the Ama-
zon region are consistent with the hypothesis 
that the upper-mantle fl ow is being diverted by 
a small but thick lithospheric keel in the Ama-
zon craton (as mapped by the surface-wave 
tomography of Feng et al., 2007). We propose 
that the poor correlation between the observed 
SKS fast directions and the expected astheno-
spheric LPO (as estimated by fl ow models of 
the upper mantle) may not necessarily imply 
the predominance of frozen anisotropy in the 
South American lithosphere. Instead, this poor 
correlation may be due to the poor resolution of 
the lithospheric thicknesses used to derive the 
global-scale upper-mantle convection model.
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