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Depth-varying azimuthal anisotropy and mantle flow
in the Patagonian slab window
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Abstract subduction of spreading ridges forms slab windows which perturb the local structure and dy-
namics of the upper mantle. Slab windows may alter the pattern of mantle flow and serve as portals for the ex-
change of mantle material between upper mantle reservoirs that are otherwise separated by the boundary of
the subducting slab. Here, we use Rayleigh waves to derive an azimuthally anisotropic regional seismic veloc- Co
ity model for the Patagonian slab window and use the anisotropy model to infer patterns of upper mantle flow

Production Editor:
Gareth Funning
Handling Editor:

Atalay Ayele Wondem

oy & Layout Editor:
Anant Hariharan

and deformation. Anisotropic fast directions are primarily trench-parallel in the upper ~40 km of the mantle

throughout the region, likely reflecting the history of subduction and compression along the South American
margin. At greater depths sensed by long-period Rayleigh waves, fast directions within the youngest part of
the slab window are consistent with cross-basin mantle flow between the Atlantic and Pacific, as previously
suggested by shear wave splits. Overall, the anisotropic velocity model reveals complex, depth-dependent
patterns of mantle deformation and flow within the Patagonian slab window.

1 Introduction

Slab windows, formed when a ridge subducts and opens
a gap in the subducting plate interface, are distinctive
and dynamic tectonic environments (e.g., Thorkelson,
1996). Slab windows are associated with high surface
heat flow (Avila and D4vila, 2018); a lack of seismicity
and typical arc volcanism (Agurto-Detzel et al., 2014,
DeLong et al., 1979); and adakitic volcanism above sub-
ducting slab edges (Bourgois et al., 2016; Stern and Kil-
ian, 1996). Seismic events and arc volcanoes are ab-
sent because there is no slab to nucleate earthquakes or
release volatiles into the mantle wedge, while the pat-
terns of heat flow and anomalous volcanism are surface
manifestations of asthenospheric upwelling and mantle
flow influenced by the geometry of the slab window.
The patterns of mantle flow in slab windows, and the
degree of coupling between lithospheric deformation
and asthenospheric flow, are not well understood. Seis-
mic anisotropy is the primary tool used to study these
patterns, relying on the relationship between shear
strain and the crystal preferred orientation of mantle
minerals to infer the direction of mantle flow (e.g., Ske-
mer and Hansen, 2016; Karato et al., 2008). Shear wave
splitting measurements have been interpreted as show-
ing that lateral mantle flow occurs through slab win-
dows (e.g., Russo et al., 2010a; Ben-Mansour et al., 2022;
Levin et al., 2021), and geochemical evidence for mate-
rial transported from distal regions through the Patago-
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nian slab window further supports this hypothesis (e.g.,
Mallick et al., 2023). Toroidal flow around slab win-
dow edges is also suggested by observations (e.g., Ben-
Mansour et al., 2022; Zandt and Humphreys, 2008; Eakin
et al., 2010; Civello and Margheriti, 2004; Peyton et al.,
2001) and predicted by geodynamic models (Sanhueza
et al., 2023b; Jadamec and Billen, 2010; Kirdly et al.,
2017). Accurately mapping these patterns of mantle
flow requires methods that are able to resolve variations
in seismic anisotropy both laterally and with depth.

The Patagonian slab window is an exemplary loca-
tion for studying slab window dynamics. Shear wave
velocities are up to 8% slower than a global average
within the slab window, indicating that the slab win-
dow promotes warmer mantle temperatures and lower
mantle viscosity (Mark et al., 2022). Further, the Patag-
onian Icefields sit in the southernmost Andes above the
slab window, and changes in surface loading associ-
ated with the growth and shrinkage of the icefields over
time create a natural laboratory where the effects of the
perturbed mantle viscosity structure are clearly observ-
able in the signal of glacial isostatic adjustment (GIA)
(Richter et al., 2016; Lange et al., 2014; Russo et al., 2021;
Hollyday et al., 2023). Patagonia also offers an oppor-
tunity to look at the temporal evolution of slab window
effects, since the Patagonian slab window has opened
from south to north beneath South America as the Chile
Ridge triple junction has migrated from 54°S to its cur-
rent location offshore the Taitao Peninsula near 46°S
(Breitsprecher and Thorkelson, 2009). Seismic mod-
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els indicate that the lowest velocities in the mantle are
present in the youngest part of the slab window, close to
the present-day triple junction (Mark et al., 2022; Russo
et al., 2010b). Shear wave splits suggest that E/W man-
tle flow through the Patagonian slab window has oc-
curred, though the direction and depth of flow are unre-
solved; and that toroidal flow occurs around the edge of
the Nazca slab at the northern edge of the slab window
(Ben-Mansour et al., 2022).

Here we present an azimuthally anisotropic Vg
model for Patagonia, derived from Rayleigh wave mea-
surements, which illuminates the anisotropy patterns
of the upper mantle in and around the Patagonian
slab window. This model focuses on shallow man-
tle anisotropy, complementary to shear wave splits
which sense greater depths in the asthenosphere but
also integrate anisotropy over a larger depth range.
Anisotropy is measured in two sub-layers of the up-
per mantle: one from ~30-70 km depth interpreted as
broadly representing the lithospheric mantle, and a sec-
ond layer from ~70-200 km depth representing the as-
thenosphere. Lithospheric thickness varies across the
study region, so a 40 km thickness for the lithospheric
mantle is taken as an average value. The anisotropic fast
directions from the Rayleigh waves differ from splits
in most areas, indicating that the lithosphere and as-
thenosphere are significantly decoupled and are record-
ing different strain histories. Closer alignment between
splits and Rayleigh wave fast directions in the upper
mantle below 70 km depth within the youngest part of
the slab window suggests that cross-basin mantle flow
is occurring in the asthenosphere.

2 Data and methods

We obtained an anisotropic shear velocity (V) model
for Patagonia by using fundamental mode Rayleigh
wave dispersion curves to tomographically invert for
anisotropic phase velocities, and then inverting for ve-
locity and azimuthal anisotropy as a function of depth
in a Bayesian framework. The dispersion curves were
previously obtained from ambient noise (8-40 sec) and
earthquake records (20-100 sec) as described in Mark
et al. (2022), and the isotropic Vs, model from that study
was also used as a starting point for the anisotropic
Bayesian inversion. The product of this process is a
regional model for isotropic background Vg, coupled
with fast directions and magnitudes of 20 azimuthal
anisotropy.

2.1 Anisotropic phase velocities

Rayleigh wave dispersion curves derived from inter-
station traveltime measurements were inverted for az-
imuthally anisotropic phase velocity maps at periods
between 8 and 100 seconds. The tomographic inver-
sion used a least-squares approach (Paige and Saun-
ders, 1982) with lateral smoothing and a small amount
of norm damping, following the method of Darbyshire
and Lebedev (2009). The spatial sensitivity kernels were
frequency-independent, and were defined on a dense
triangular grid with a knot spacing of 20 km (Lebedev

2

and van der Hilst, 2008; Wang and Dahlen, 1995). The
model grid used a larger knot spacing of 80 km.

The Rayleigh wave tomography yielded background
isotropic phase velocities and both 26 and 46 anisotropy
magnitudes and orientations at each period (Figure 1)
(Smith and Dahlen, 1973). Uncertainties were estimated
by running 100 bootstrap realizations of the tomo-
graphic inversion, with each iteration using a random
sample of 70% of the inter-station dispersion curves.
The bootstrap analysis indicated that the best resolved
periods for phase velocities were between 30 and 70
seconds. Previous studies have shown that the 46
anisotropy terms are non-negligible, but are typically
small compared to 26 terms in the case of azimuthal
anisotropy due to crystal preferred orientation (CPO) of
olivine as expected for the upper mantle (Montagner
and Nataf, 1986). 46 terms are therefore included in
the phase velocity tomography, but are not interpreted
or included in the Bayesian inversion described below
because they are likely representative, in part, of leak-
age between components due to imperfect data cover-
age and approximations for wave propagation embed-
ded in the tomographic inversion process.

2.2 Bayesian inversion with anisotropic lay-
ers

Anisotropic phase velocities were inverted for 1D
velocity-depth models at points throughout the study re-
gion using a Markov chain Monte Carlo (MCMC) method
(Shen et al., 2013). The velocity-depth model at each
evaluation point was described by 14 parameters for
isotropic structure, and 6 parameters for anisotropic
structure (Figure 2). The isotropic parameters were the
thicknesses of the crust and sediment layers; top and
bottom velocities for the sediment layer; four spline co-
efficients for the crustal layer velocities; and six spline
coefficients for mantle velocities. The structure was pa-
rameterized from the surface to 300 km depth, with ve-
locities converging to the global model AK135 from 200-
300 km depth where the data do not provide constraints.
Initial values for layer thicknesses, velocities, and spline
coefficients were taken from an existing isotropic Vg
model for the region derived using an isotropic version
of the same Bayesian framework (Mark et al., 2022).
Velocities were required to be monotonically increas-
ing across layer boundaries, from sediments to crust
to mantle, and a maximum value of 4.9 km/s was im-
posed for the mantle spline coefficients. Assuming that
anisotropy has a second-order effect on the overall ve-
locity structure, the isotropic parameters should be sim-
ilar between the isotropic and the anisotropic Bayesian
inversions. Therefore, while the velocity gradients,
spline coefficients, and layer thicknesses were allowed
to vary, the prior distributions for these isotropic pa-
rameters were kept relatively narrow (Table S1).
Anisotropy was included in the crust and mantle us-
ing an approach similar to Zhou et al. (2024). The crust
was parameterized as a single anisotropic layer with
associated coefficients for 26-periodic sine and cosine
terms. The mantle was divided into two sub-layers, each
with a set of coefficients (Figure S9). The two mantle lay-
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Figure1 Phase velocity maps with 26 anisotropy components, at 20, 40, 50, and 60 seconds period.
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Figure2 Adiagram of the 1D model parameterization for
the Bayesian MCMCinversion. Horizontal black lines denote
layer or sub-layer boundaries; dashed boundaries are al-
lowed to move in the inversion. Figure modified from Shen
et al. (2013), Figure 6.

ers notionally represent the lithospheric and astheno-
spheric mantle. The boundary between the anisotropic
mantle sub-layers was not allowed to move during in-
version but several different fixed values for the thick-
ness of the upper mantle sub-layer were tested, with
40 km taken as the preferred value approximating an
average lithospheric thickness (Figure 3). To set the
mantle layer thicknesses, we considered that the sen-
sitivity of the Rayleigh wave dataset decreases sharply
below ~100 km and the crust is ~30 km thick through-
out the study region. Therefore, to ensure that the
data still had some sensitivity to structure in the lower
sub-layer, the upper sub-layer thickness was kept be-
low 60 km. The aim was not to specifically resolve
lithospheric vs asthenospheric anisotropy, but to allow
for depth-varying anisotropy in an intentionally sim-
plified model to capture regional patterns while avoid-
ing over-parameterization. Varying the upper mantle
sub-layer thickness had a small effect on the ampli-
tude of anisotropy in each of the mantle sub-layers,
but did not significantly influence the anisotropic fast
directions (Figure 4). The crust might reasonably be
thought to have a layered structure with, at mini-
mum, upper and lower portions; however, since man-
tle anisotropy was the target of this study, a single set
of anisotropy parameters was used for the entire crust
to avoid over-parameterizing the problem relative to the
data. Tests including two anisotropic crustal layers pri-
marily changed the magnitude of crustal anisotropy by
partitioning the signal between the upper and lower
portions, similar to the effect of varying the thickness
of the upper mantle sub-layer. While anisotropy was
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included in inversions across the model space, in Fig-
ures 3 and 4 we only show anisotropy results where the
MCMC uncertainty in the fast direction was less than
30°, which we consider the threshold for well-resolved
anisotropy parameters.

3 Results

The background isotropic velocity structure obtained
in this anisotropic inversion is highly similar to the
isotropic structure used as a starting point for the
Bayesian inversion (Mark et al., 2022) (see Figures S1-
S5). This broad similarity makes sense, given that
anisotropy is a second-order component of the velocity
structure. The main feature of both models is the low
velocity anomaly associated with the youngest part of
the slab window. The two velocity models are not iden-
tical: in particular, fast velocities previously imaged be-
neath the Austral-Magallanes basin are less prominent
in the background velocity structure of the anisotropic
model. Some small differences between the isotropic
and anisotropic models are expected due to anisotropy
aliasing into the fully isotropic model where azimuthal
coverage is not well balanced. However, the good agree-
ment between the velocity models indicates that this
aliasingislimited and the anisotropic inversion is fitting
the anisotropic structure primarily to the residuals with
respect to isotropic structure. The Austral-Magallanes
basin is still clearly resolved in the sedimentary struc-
ture, and the crustal thickness matches the isotropic
model within +3 km in most of the region (Figures S6-
S7).

Anisotropic fast directions in the upper mantle vary,
defining three sub-regions within the study area: south-
ern, northern, and central (Figure 3). In the southern
sub-region, from 54°S to ~49°S, fast directions in both
mantle sub-layers are approximately trench-parallel. In
the northern sub-region, north of 46°S, fast directions
in the upper mantle sub-layer are oriented NE/SW and
directions for the lower mantle sub-layer are variable.
In the central sub-region, over the youngest part of the
present-day slab window, upper mantle sub-layer fast
directions are mostly NE/SW, while the lower mantle
sub-layer trends E/W and SE/NW.

Crustal anisotropy is small across most of the study
region, with the largest amplitudes present south of
51°Sand highly variable fast directions throughout. The
larger amplitudes in the south may be due to the pres-
ence of thick sediments and thin crust, leaving a rel-
atively thinner anisotropic layer in the MCMC model.
Sedimentary structures within the Austral-Magallanes
Basin may also influence anisotropy in complex ways
that cannot be resolved at the spatial scales of this study.
In the northern part of the study region, near the triple
junction, crustal fast directions are similar to those
measured by Gallego et al. (2011) using ambient noise
at periods of 6-12 sec.

4 Discussion

Azimuthal anisotropy in Patagonia measured from
Rayleigh waves at periods up to 100 sec is consistent
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Figure3 Anisotropy results for the preferred model from this study. Anisotropy symbols are only plotted in locations where
the anisotropy is resolved (uncertainty in the fast direction < 30°). Thin dashed line shows the trench axis offshore; thick
dashed line is the projected slab window location from Breitsprecher and Thorkelson (2009). Left: Mantle anisotropy in the
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et al. (2022). Background colors show the isotropic component of V, at 60 km depth. Right: Crustal anisotropy for the same
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with larger-scale patterns from global tomography in
some but not all parts of the study region. In the global
model SL2016svA, the anisotropic fast directions are ori-
ented ~NE-SW across Patagonia down to 200 km depth
(Schaeffer et al., 2016). This aligns with fast direc-
tions in the upper mantle sub-layer north of 50°S, and
with some fast directions in the lower mantle sub-layer
south of 48°S. Comparing global and regional tomogra-
phy models in this way is difficult as their different spa-
tial scales result in very different resolutions and levels
of smoothing. However, we note that the area where
the global and regional models for anisotropy differ the
most is in the lower mantle sub-layer in the youngest
part of the slab window, suggesting that the fast direc-
tions there deviate from larger-scale patterns of trench-
parallel anisotropy or anisotropy influenced by absolute
plate motion, in an area smaller than the resolution of
the global model.

Crustal anisotropy is not resolved well in much of the
region, but measurements near the triple junction are
in good agreement with previous studies (Gallego et al.,
2011). Short-period anisotropy measured near the triple
junction has previously been interpreted in terms of de-
formation due to plate convergence, with fast directions
north of the triple junction reflecting oblique conver-
gence and the forearc sliver bounded by the Liquifie-
Ofqui fault zone, and directions further south shaped
by normal convergence of the Antarctic plate.

In the southern sub-region between 54°S and 49°S,
anisotropic fast directions in both mantle sub-layers are
approximately trench-parallel. While the Patagonian
slab window is still largely present beneath this part of
South America, with the leading edge of the subducting
Antarctic slab marked by adakitic volcanism in the Aus-
tral Volcanic Zone (Stern and Kilian, 1996), this region
has along history of subduction and compression along
the margin prior to the slab window forming which is
likely responsible for the signal observed in the shal-
low upper mantle (Seton et al., 2012). Trench-parallel
anisotropy has been observed globally across most sub-
duction zones, and while the origin of these signals is
still debated, common interpretations include the pres-
ence of highly anisotropic serpentine mineral fabrics
(Wagner et al., 2013; Katayama et al., 2009; Mookher-
jee and Capitani, 2011), olivine CPO formed by mantle
corner flow under conditions that promote B-type fab-
ric (Long and van der Hilst, 2006; Kneller et al., 2007,
Nakajima and Hasegawa, 2004), and/or trench-parallel
mantle flow driven by particular subduction geometry
or slabrollback (Kneller and van Keken, 2007; Russo and
Silver, 1994; Lynner and Beck, 2020) such as rollback
of the Antarctic slab suggested by geodynamic mod-
els (Sanhueza et al., 2023a). In contrast, SKS splitting
fast directions in southern Patagonia tend to be ori-
ented NE/SW, oblique to the trench. These splitting ori-
entations are interpreted as representing regional as-
thenospheric flow (Ben-Mansour et al., 2022; Schaeffer
et al., 2016). The difference in fast directions suggests
that the splits are sensing deeper structure compared
to the Rayleigh waves. This is a reasonable interpreta-
tion, given that SKS splits essentially provide a measure-
ment of anisotropy that is depth-integrated along a path
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from the core-mantle boundary to a surface seismic sta-
tion. The lithosphere in this region is also expected to
be thick, comprising a relatively old continental block
(Schilling et al., 2017), consistent with the interpreta-
tion that the Rayleigh waves here are sensing primarily
lithospheric structure.

Rayleigh wave fast directions in the upper mantle in
the northern sub-region again parallel the trench, in-
dicating that subduction is controlling the anisotropic
structure, similar to what is seen south of 49°S. Un-
like in the south, however, the Rayleigh wave fast direc-
tions are in good agreement with shear wave splits. This
may be a coincidence of geometry, with trench-parallel
anisotropy in the lithosphere aligning with regional as-
thenospheric flow as observed in global models due to
the strike of the trench in this section of the subduction
zone (Schaeffer et al., 2016; Ben-Mansour et al., 2022).

In the youngest part of the slab window, between 49°S
and 46°S, Rayleigh wave fast directions are primarily
NE/SW in the upper mantle sub-layer, while directions
in the lower mantle sub-layer are in closer alignment
with shear wave splits which show consistent E/W ori-
entations (Ben-Mansour et al., 2022; Russo et al., 2010a).
While azimuthal anisotropy point measurements in the
lower mantle sub-layer should be interpreted with cau-
tion as the Rayleigh wave constraints are weaker at
greater depths, the stronger agreement between those
fast directions and shear wave splits suggests that there
is some sensitivity to flow in the asthenosphere from the
longer-period Rayleigh waves in this region. Seismic
models indicate that the lithosphere is thinned in the
youngest part of the slab window, possibly due to ther-
mochemical erosion, which would bring more of the as-
thenosphere within a depth range that the long-period
Rayleigh waves are sensitive to (Mark et al., 2022). Previ-
ous studies have interpreted patterns of both anisotropy
(Ben-Mansour et al., 2022; Russo et al., 2010a) and lava
geochemistry (Guest et al., 2024; Mallick et al., 2023) as
indicating that the mantle flows laterally through the
slab window beneath South America, exchanging ma-
terial between the Atlantic and Pacific basins. Model-
ing studies have also found that horizontal flow is likely
to occur in the slab window (Sanhueza et al., 2023a; Wu
et al., 2022). Taken all together, the pattern of Rayleigh
wave fast directions suggests that this exchange flow oc-
curs below the upper sub-layer such that even in an area
where the lithospheric mantle is dramatically thinned,
E/W mantle flow is not occurring directly beneath the
crust.

It is also possible that differences between Rayleigh
wave and splitting anisotropy orientations in the shal-
low mantle near the Chile Ridge triple junction are due
in part to limitations in the inversion process and/or
sparsity of data. Seismic data across Patagonia are
drawn primarily from a series of temporary broadband
deployments which did not overlap in time or, mostly,
in space. Phase velocities derived from inter-station
traveltime measurements are therefore sparse in the re-
gions along the edges of different deployments, includ-
ing the join between the GUANACO and CRSP networks
near 47°S because those two arrays were not deployed at
the same time (Russo et al., 2010b; Magnani et al., 2020).

SEISMICA | volume 4.2 | 2025



SEISMICA | RESEARCH ARTICLE | Depth-varying azimuthal anisotropy and mantle flow in the Patagonian slab window

. . L " . .
| ¢ 7 ] e
1 = U. mantle (4%) 1 e U. mantle (4%)
] - !§K rga(r(;tlg 54%) ] — éK rga(r(;tlg ()4%)
1 -_ .58, 1 -_— .98
-4400°1 | . - v - -44.00°
| 30 km | 40 km
| |
| |
| 4 4z s a5 | & 4 as
I Vsv [kmis] I Vsv [km/s]
1 1
! !
1 1
-46.00° “ - b ‘l - ~46.00°
1 |
| |
l - 1
) .- )
/ /
/ /
S
-48.00° B 1 - -48.00°
1
—~50.00° B 1 - -50.00°
-52.00° 1 1 -52.00°
\ \
\ \
\ \
\ \
\ \
\
-54.00° b ~54.00°
T T = T T SRS E
—76.00° -74.00° -72.00° -70.00° -76.00° -74.00° -72.00° -70.00°
i ‘ ‘7 i e i{
I 4 = U. mantle (4%) I = U. mantle (4%)
! = L. mantle (4%) ] — L. mantle (4%)
Il —SKS (0.55) ! —SKS (0.5s)
—-44.00° 1 1 -] [ % - ~44.00°
I 50 km | 60 km
| |
| |
| w0 4z 41 a6 | W 4z 4 4s
| Vsv [kmis] ! Vsv [km/s]
1 1
1 1
1 1
-46.00°1 | -1 - ~46.00°
1 |
| |
I - I -
) .= ) =
/ /
/ /
—-48.00° B - -48.00°
—50.00° - h 4 -50.00°
-52.00° 1 b ~52.00°
\ \!
\ \
\ \
\ \
\ \
—-54.00° T -54.00°
N 2
T T =
-76.00° -74.00° -72.00° -70.00°

Figure 4 Mantle anisotropy in both sub-layers for models where the upper sub-layer was 30, 40, 50, or 60 km thick.
Anisotropy symbols are only plotted in locations where the anisotropy is resolved (uncertainty in the fast direction < 30°).
Thin dashed line shows the trench axis offshore; thick dashed line is the projected slab window location from Breitsprecher
and Thorkelson (2009). Background colors show the isotropic component of Vg, at 60 km depth. Splits are from Ben-Mansour

etal. (2022)
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Having fewer phase velocity measurements with a less
robust azimuthal distribution may also explain the lack
of consistency across periods in 26 fast directions in the
same area (Figure 1), which in turn makes it difficult
for the Bayesian inversion process to settle on a model
that fits the phase velocity inputs well within the con-
straints of 2-layer mantle anisotropy. These caveats are
important to consider, but ultimately the fast direction
uncertainties from both bootstrap phase velocity inver-
sions and the MCMC inversion suggest that the direc-
tions are reasonably well-constrained, and we therefore
interpret them as representations of subsurface struc-
ture.

Differing depth sensitivities in a region of complex
flow could explain results of anisotropic inversion and
their differences and similarities with respect to splits.
In this paradigm, the upper mantle sub-layer anisotropy
reflects some combination of the history of subduction
and complex present-day mantle flow, while the lower
mantle sub-layer shows anisotropy related to E/W man-
tle flow through the slab window similar to splitting
measurements.

5 Conclusions

Comparisons between these Rayleigh wave anisotropy
measurements and previous shear wave splitting stud-
ies in the Patagonian slab window indicate that man-
tle anisotropy and, by extension, the pattern of man-
tle flow, varies with depth in the upper mantle. Shal-
low mantle anisotropy appears to reflect primarily the
history of subduction and compression along the South
American margin prior to the slab window opening,
with trench-parallel fast directions similar to what is
often observed in subduction zones globally. Trench-
parallel fast directions are frequently interpreted as re-
flecting non-A type olivine fabric formed in the pres-
ence of water, serpentine fabric, or trench-parallel
flow; with seismic data, it is not possible to distin-
guish between these possibilities. Below these trench-
parallel fast directions, Rayleigh wave anisotropy in the
youngest part of the slab window aligns more closely
with E/W fast directions seen from shear wave splits.
This pattern suggests that cross-basin flow through the
slab window occurs in the upper mantle, within the
depth range sensed by longer-period Rayleigh waves.
Both geochemical evidence and modeling results fur-
ther support the hypothesis that mantle flow between
the Atlantic and the Pacific is happening within the as-
thenospheric mantle in Patagonia. Geochemistry of
erupted basalts indicates the addition of mantle com-
ponents advected laterally, from beneath the South At-
lantic and South America westward to backarc volcanic
plateaus and the Chile Ridge (Guest et al., 2024; Mallick
et al., 2023; Husson et al., 2012; Sgager et al., 2021);
and geodynamic models predict that horizontal mantle
flow can occur through slab windows (Sanhueza et al.,
2023a,b; Wu et al., 2022). Azimuthal anisotropy cannot
distinguish eastward versus westward flow, and the di-
rection of material transportin the Patagonian slab win-
dow remains a matter of debate, as some geochemical
evidence favors westward flow while models of man-

tle dynamics suggest the flow is eastward (e.g., Mallick
et al., 2023; MacDougall et al., 2014; Guillaume et al.,
2010). Further study, including time-evolving 3D geody-
namic models, could provide more constraints on the
direction of mantle flow.

The distinction between shallow (30-70 km depth
range) versus deeper (70-120 km depth) anisotropy
can be thought of as reflecting the different physical
conditions and strain histories of the lithosphere and
asthenosphere. Lithospheric thickness likely varies
throughout the region (e.g., Mark et al., 2022) in contrast
to the fixed sub-layer thicknesses in this anisotropic
model, but the primary patterns of anisotropy in the
two mantle sub-layers nonetheless map conceptually
onto lithospheric structure shaped by subduction his-
tory and asthenospheric flow, respectively. Notably, the
difference in anisotropic fast directions inferred in the
two mantle sub-layers suggests that mantle flow is not
strongly coupled between the lithosphere and astheno-
sphere in the Patagonian slab window.

The complexity of mantle flow in and around the
Patagonian slab window can only be partly captured by
azimuthal anisotropy measurements. While azimuthal
anisotropy gives us a flattened perspective on man-
tle flow in map view, we fully expect the flow field to
be three-dimensional due both to edge effects around
the subducting slabs and GIA. Future work on radial
anisotropy would provide additional information on
mantle dynamics in the slab window.
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