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A B S T R A C T   

We investigate the seismic structure of the mantle wedge of the Apennines subduction zone (Central Mediter-
ranean) using teleseismic receiver function (RF). We inverted RF for both isotropic and anisotropic properties of 
the mantle wedge, from below the overriding Moho to the “plate boundary”, i.e. the interface that separate the 
slab from the mantle wedge. Given the distribution of the seismic network, we are able to map out the change in 
the elastic properties at the transition between southern apennines and the Calabrian arc, given by the change in 
the subduction style (i.e from the subduction of continental materials to oceanic plate). We found that the 
anisotropy in the mantle wedge is similar between all seismic stations, generally highly anisotropic (> 10%), 
with a direction of the symmetry axis that rotates clockwise from North to South, following the Calabrian arc 
geometry and likely indicating the mantle flow driven by the slab retreat. The elastic properties of the subducted 
crust are more heterogeneous. To the North, the subducted crust shows a highly anisotropic (> 10%) behavior, 
and it occurs at larger depth (around 70 km depth), where to the South anisotropy is less intense (around 7%) 
and the subducted crust is shallower (around 60 km depth). These results point out a change in the subduction 
style that can be given by either a change in the metamorphic phase (more evolved blueschist facies stage to the 
North, initial greenschist facies stage to the South) or a different origin for the subducted materials (continental 
to the North and oceanic to the South). The differences in the anisotropic behavior of the subducted crust are 
reflected in the topography of the plate boundary, which becomes shallower from North to South, suggesting the 
existence of either a step in the slab topography or a more gentle ramp.   

1. Introduction 

Subduction zones are the place where most of the destructive 
earthquakes occur on the Earth. The “plate boundary”, i.e. the surface 
where the two plates are in conctact each others (Abers et al., 2009; 
Audet et al., 2009), is able to accumulate large amount of stress, 
depending on many factors (like plate coupling, plunging angle of the 
subducted plate, physical properties of the material at the subduction 
interface and the presence of fluids, e.g. Schellart and Rawlinson, 2013), 
and release it in the so called “megathrust” events (Engdahl and Villa-
señor, 2002). Geometrical properties of subduction zones, like curvature 
and segmentation, can also influence how and how much stress can be 
cumulated and released along plate boundary (Plescia and Hayes, 
2020). Heterogeneity in the crustal processes can mimic complex deep 
lithospheric structures (Giacomuzzi et al., 2022). Thus, not considering 
such geometric factors can lead to un-realistic risk assessment and 
geodynamic modeling. 

The Apennines is a segmented and highly heterogeneous subduction 
zone (Faccenna et al., 2001). The main geodynamic process shaping the 
region is the subduction of the last piece of Neotethys ocean under the 
European plate (Speranza et al., 2012). Such subduction has a long and 
complex history, starting from 90 to 80 Ma and still on-going, related to 
the retreat of the subduction trench toward Southeast and the opening of 
the oceanic basins in the Balearic and Tyrrhenian sea. During its 
migration, the initial geometry of the subduction zone, i.e. an almost 
linear trench, evolved in a more complex shape, almost triplingits width 
and ending up with two main arcs (Northern Apennines and Calabrian 
Arc). Such evolution implied the involvement of different shallow sea 
basins and the continental shelf, incorporating different rock materials 
into the subduction (Faccenna et al., 2001). 

All these factors resulted in heterogeneity in the elements and pro-
cesses composing the “subduction’ factory” (Hacker et al., 2003) such 
as: (1) an heterogeneous distribution of sub-crustal earthquakes along 
the orogen: intermediate-depth events in Northern Apennines and 
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Calabrian Arc, and deep events in Calabrian arc only (Chiarabba et al., 
2005); (2) the presence of windows/tears in the subducted slab mantle 
beneath the Southern Apennines (Lucente et al., 1999); and (3) a com-
plex topography of the Moho across and along the Apennines orogen 
(Piana Agostinetti et al., 2008a,2022). Less attention has been paid to 
the state of the mantle wedge all along the subduction zone. Theoretical 
computation of the flow of the olivine in the mantle wedge during slab 
retreat has been widely explored (e.g. Buttles and Olson, 1988; Black-
man and Kendall, 2002). However, as demonstrated by the relevance of 
the return-flow at slab edge (Faccenda and Capitanio, 2013), slab ge-
ometry plays a fundamental role in driving mantle flow in the wedge. 
This fact has been documented for the Northern Apennines (Plomerova 
et al., 2006; Salimbeni et al., 2007) and Calabrian Arc (Civello and 
Margheriti, 2004). Moreover, heterogeneity in the volatiles released 
from the subducted crust are known to have variously influenced the arc 
magmatisms along the Apennines (Cioni, 2000) and, thus, have likely 
modified the local elastic properties of the mantle wedge. However, due 
to to the limited coverage of seismic stations in the past, the details of the 
elastic properties of the mantle wedge along the Southern Tyrrhenian 
coast are still missing. 

Receiver function (RF) is a passive seismic tool for investigating 
elastic properties and structures of the crust and upper mantle (e.g. 
Amato et al., 2014; Rossi et al., 2006). In particular, RF has been used to 
explore the anisotropic properties of the mantle wedge (e.g. Wirth and 
Long, 2012). Measurements of SKS splitting parameters furnish an in-
tegral contribution of the anisotropy along the ray-path (Kenyon and 
Wada, 2022), but they could be biased due to the presence of anisotropy 
in different subduction elements (see also Levin et al., 2007; Lamarque 
and Piana Agostinetti, 2020). Other passive seismic tools suffer from 
different limitations in this case: teleseismic tomography has a too low 
resolution at shallow (< 100 km) depth (Giacomuzzi et al., 2012); local 
earthquake tomography can not cover adequately the mantle wedge due 
to the few seismic stations off-shore (Chiarabba et al., 2008; Caló et al., 
2012), ambient noise suffers from strongly asymmetric source distri-
bution and can give biased results (Fichtner et al., 2020). RF has been 
used many times for mantle wedge investigations (e.g. Rondenay et al., 
2008; Abers et al., 2009). A preliminary study of the elastic properties of 
the mantle wedge in Southern Tyrrhenian sea has been done years ago 
(Piana Agostinetti et al., 2008b) based on the data from a single seismic 
station. In that study, the results highlighted the presence of a complex 
anisotropic stratification between the mantle wedge and the subducted 
crust, close to the Southern end of the Soutehrn Apennines orogen. 

In this study, we extend the previous work including all seismic 
stations deployed along the Southern Tyrrhenian coast (nine stations), to 
better understand the complexity of the mantle wedge structure and its 
continuity across the transition between Southern Apennines and the 
Calabrian arc. We make use of RF analysis and RF modeling to constrain 
both the isotropic and anisotropic properties of the rock materials 
composing the mantle wedge. RF analysis is based on azimuthal stack-
ing, which separates the “constant” component of the RF data-set, i.e. 
independent from the back-azimuthal direction of the P-wave arrivals, 
which basically gives information on isotropic behavior of the rocks, 
from the “periodic” component in back-azimuth (here, with a 2π-peri-
odicity), which gives information on the anisotropic behavior of such 
rocks. Results, are discussed in light of the distribution of the seismic 
stations along the Southern Apennines and Calabrian Arc, to highlight 
common features and differences related to the subduction zone 
geometry. 

2. Data and methods 

We make use of teleseismic data recorded by 9 broadband seismic 
stations deployed along the Tyrrhenian coast, from the Southern Italy to 
the Calabrian Arc. Seismic stations belong to either permanent (five 
stations, Italian national seismic network, network code IV) or tempo-
rary (four stations, IRIS-PASSCAL experiment “CATSCAN”, network 

code YI) seismic networks. All stations recorded data for more than 2 
years, allowing us to obtain a dense back-azimuthal (baz) coverage of 
teleseismic sources (Fig. 1). Teleseismic events have been selected ac-
cording to their epicentral distance (dist) from the seismic stations 
(between 30∘ and 100∘ degrees) and magnitude (larger than MW = 5.5). 
Data-sets for permanent seismic stations obtained an almost perfect baz 
coverage as shown in Fig. 2. Radial (R-RF) and Transverse Receiver 
function (T-RF) have been computed using the frequency-domain 
approach developed by Di Bona (1998), which allows to robustly esti-
mate the RF variance. The frequency-domain RF have been filtered with 
a Gaussian pulse of amplitude a = 1, which approximately indicates a 
frequency cut-off of 0.5 Hz. Thus, depth resolution is limited to about 
3–5 km, depending on the depth range (Piana Agostinetti and Malin-
verno, 2018). The inverse of the RF variance is used to weight RF in the 
subsequent binning step. Single RF arriving from a similar baz direction 
and similar dist are stacked to form a “binned” RF. Bins are 10∘ × 20∘ in 
baz and dist, respectively, and are computed using a 50% overlapping 
scheme (i.e. each single RF belongs to two neighboring bins). The 
binning process is applied to both R-RF and T-RF datasets (Fig. 2ab). To 
highlight the coherence of the baz dependence of the arrivals, between 
R-RF and T-RF, we follow a stacking approach of the bins based on 
azimuthal weights (Girardin and Farra, 1998; Farra and Vinnik, 2000). 
This approach has been used for crustal studies (e.g. Bianchi et al., 
2010a) and it is similar to standard angular harmonic RF decomposition 
(Bianchi et al., 2010b) that has been used to map anisotropy at crustal (e. 
g. Audet, 2015; Licciardi et al., 2018) and upper mantle (e.g. Shiomi and 
Park, 2008) depth level. The stacked bins are shown in Fig. 2c-f. The k =
0 stacking represents the “averaged” RF, depending only on the isotropic 
properties beneath the seismic station. The k = 1 stacking shows the 
2π-periodicity in the arrivals, on both R- and T-RF, which depends either 
on the anisotropic properties of the rock beneath the seismic station or 
on the presence of dipping structures beneath the seismic station, or a 
combination of the two features. 

To extract information about the seismic structure beneath each 
single station, we invert its R- and T- RF data-set using a Neighborhood 
Algorithm (NA, Sambridge, 1999). The NA approach is a global directed 
search, which is able to avoid and escape from local minima in the misfit 
function, for mid-to-high dimensional model-space (i.e. between 10 and 
50 investigated parameters). Forward calculation, i.e. predictions of R- 
and T- RF dataset for a given model, are obtained using RAYSUM code 
(Frederiksen and Bostock, 2000). The NA algorithm and the RAYSUM 
code have been used together many times for RF inversion (e.g. Piana 
Agostinetti et al., 2017) and, in particular, RAYSUM code is well suited 
for investigating first-order mantle wedge structures in subduction zones 
(e.g. Wirth and Long, 2012). For the NA implementation, we adopt a 
simple mantle wedge parameterization derived from Piana Agostinetti 
et al. (2008b). Piana Agostinetti et al. (2008b) described in details the 
P-to-s phases retrieved in the RF data-set of station CUC, a seismic sta-
tion at the Northern edge of the Calabrian Arc, i.e. the same P-to-s phases 
investigated in the present study. In Piana Agostinetti et al. (2008b), the 
authors tested several different parameterizations which could repro-
duce such P-to-s phases pattern, including the absence of anisotropy and 
the presence of interfaces striking in different directions, and they 
defined a “preferred” parameterization which reproduces all the rele-
vant features in the CUC RF dataset. Here, we follow such preferred 
parameterization and we consider a six layers model: (1) a first layer for 
the upper crust, and (2) a second layer for the lower crust, where the 
interface between the two is freely orientable (i.e. could be a dipping 
interface); (3) an isotropic mantle lid just below the Moho; (4) a thick, 
anisotropic, mantle wedge layer, where the symmetry axis of the 
anisotropy is “positive” (following the definition in Levin and Park, 
1998) and freely 3D-orientable, i.e. we are not only considering a simple 
horizontal axis as in SKS splitting analysis; (5) an anisotropic dipping 
layer representing the subducted crust (here anisotropy can be either 
“positive” or “negative”); and (6) the isotropic slab. The crust along the 
Tyrrhenian coast is generally considered thinner than the average 
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continental crust (e.g. Di Bona et al., 2008). It is worth noticing that, for 
modeling the dipping subducted crust, both top and bottom interface are 
dipping, forced to have the same strike and dip angles. We assume that 
the “preferred” parameterization, which has been originally defined for 
station CUC, can be adopted for all seismic stations deployed along the 
Calabrian Arc. While local differences in the Calabrian subduction zone 
are likely from North to South, also reported by geophysical observa-
tions like the distribtution of intermediate-depth seismicity, we consider 
the same parameterization for all seismic stations to facilitate the 
comparison of the results obtained for different stations. In our param-
etrization, the “plate boundary” (also called “subduction interface” or 
“slab surface”, Heuret et al., 2011; McCrory et al., 2012), is represented 
by the interface between the two anisotropic layers, and it is freely 
orientable in space. 

The P-to-s phases pattern shown in Fig. 2 is consistent with a third 
Layer (“isotropic mantle lid”) that does not contain anisotropic mate-
rials, in agreement with studies on Pn phases beneath Italy which show 
limited anisotropy in the Southern Tyrrhenian Sea (e.g. Díaz et al., 
2012). The absence of anisotropy in the lithopheric lid is likely a local 
feature, related to the geodynamics of the Calabrian subduction zone. 
The anisotropy in the fourth Layer (“anisotropic mantle wedge”) dis-
plays a “positive” behavior, which is consistent with a mantle wedge 
composed of dry A-type olivine. As specified in Piana Agostinetti et al. 
(2008b), the “polarity” of the anisotropy in the subducted crust (i.e. 
either “positive” or “negative” as defined in Levin and Park, 1998) are 
poorly distinguished from R- and T-RF data-set periodicity (see exam-
ples in: Sherrington et al., 2004; Bianchi et al., 2008; Piana Agostinetti 

et al., 2008b), while the overall azimuthal direction and magnitude are 
well resolved. Thus, here, we will consider in the discussion only the 
azimuthal direction of the symmetry axis and the magnitude of the 
anisotropic behavior of the rock, in terms of percent above/below the 
average rock seismic velocity along the symmetry axis direction. 

To summarize, the 27 free investigated parameters are: thickness of 
the upper and lower crust, mantle lid, mantle wedge, subducted crust (5 
parameters); S-wave (VS) velocity of the upper and lower crust, mantle 
lid, mantle wedge, subducted crust and slab (6 parameters); VP∕VS ratio 
of the upper and lower crust, mantle lid, mantle wedge, subducted crust 
and slab (6 parameters); anisotropic magnitude (the same for both P- 
wave and S-wave) for the mantle wedge and subducted crust (2 pa-
rameters); 3D orientation of the symmetry axis in anisotropic layers, i.e. 
azimuth and plunge angles, for the mantle wedge and subducted crust (4 
parameters); dip and strike angles for the upper-to-lower crust interface 
(2 parameters); and dip and strike angles for the upper and lower in-
terfaces of the subducted crust (2 parameters). 

To retrieve a robust model for each seismic station (i.e. a best-fit 
model), we set the NA algorithm to explore Ns = 3 Voronoi cell per 
iteration, sampling each cell with Nr = 12 new models. In each iteration, 
we keep the Ns = 3 best-fit models and we resample their Voronoi cells. 
We iterate the process for Niter = 1000 iterations, for a total of 36,900 
visited models per station (i.e. we start from 900 Voronoi cells randomly 
distributed in the model space). The CPU-time per station is about 15 h 
using 18 CPUs (about 50 min per CPU), where the 18 CPUs execute MPI 
directives used to sample Voronoi cells in parallel (each cell is sampled 
independently from the others, and each sample within a Voronoi cell 

Fig. 1. (a) Topographic map of Southern Italy. The subduction trench is indicated with a dot-and-dashed line. Colored circles indicate seismic events related to 
subduction processes (i.e. with a focal depth larger than 80 km). The gray arrow shows the convergence direction between Africa and Europa plates in the area. 
Arrow length is proportional to convergence rate. The black box indicates the study area. (b) Map of the seismic network analyzed in this study. Red triangles and 
names indicate the seismic stations. Crosses show the teleseismic-ray piercing points at 80 km depth, for the analyzed data. The inset displays the distribution of 
teleseismic event analyzed for the data-set of BULG seismic station. 
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can be created independently). At the end, we search for the best fit 
model for each station. The goodness of the model is proven from the 
overall fit. Low quality data-sets display a poor fit on the k = 1 stacking 
due to the presence of un-modellable signals (in terms of anisotropic 
layers or dipping interfaces, the “Unmodelled” component in Park and 
Levin, 2016). 

3. Results 

In general, the seismic data collected here seem to be adequate to the 
scope of the study, i.e. retrieving information about the mantle wedge 
seismic structure and its variations along the subduction zone. In fact, 
the location of the seismic stations along the Tyrrhenian coast makes the 
teleseismic rays, which travel with very low incidence angle at the 
receiver side location (i.e. almost vertically) to sample directly the 
mantle wedge (Fig. 1b), allowing to have a clear and almost continuous 

picture its structure from the southernmost tip of the Southern Apen-
nines orogen to the Calabrian arc. Moreover, teleseismic data analyzed 
show a good baz coverage for almost all seismic stations, which is 
needed to compute robustly the baz dependence of the arrivals on both 
R- and T- RF data-sets (inset in Fig. 1), and, thus, to extract information 
about both isotropic and anisotropic properties of the rocks composing 
the mantle wedge. 

In Fig. 2, we present an example of the RF data computed here, for 
station CUC. Such seismic station has been previously analyzed in a 
preliminary study (Piana Agostinetti et al., 2008b). The new data-sets 
displays an almost complete baz coverage, removing the potential am-
biguities present in the previous analysis. The binned R-RF dataset dis-
plays positive arrivals at 2 s and 11 s, related to the shallow Tyrrhenian 
Moho (Di Bona et al., 2008). A generally-negative arrival is seen at about 
8–9 s, which presents strong amplitude variations with baz (Fig. 2a). The 
same baz-dependence is found on T-RF data-set, for the arrival between 

Fig. 2. Example of RF data-set (CUC seismic station). (a) Radial RF as a function of the back-azimuth (baz) of the incoming P-wave. Blue (red) wiggles display 
positive (negative) amplitude arrivals. Light-green area around wiggles indicates the uncertainty on the RF, computed from the binning process. Blue vertical lines 
show the main arrivals (Ps and multiples) from the shallow Moho discontinuity. A red vertical bar indicates a persistent (over all baz directions) negative arrival, 
probably related to a sub Moho low velocity region. (b) Transverse RF as a function of the back-azimuth (baz) of the incoming P-wave. Same color code as in (a). The 
violet box indicates the time-window where most relevant arrivals show 2π-periodic, with baz, amplitude variations. (c) First angular harmonics (k = 0) for the 
Radial RF. Most relevant arrivals indicated in (a) are also indicated here. (d) First angular harmonics for Transverse RF. (d) Second angular harmonics (k = 1) for 
Radial RF. Most coherent arrivals are visible in the violet box, same as in (b). (e) Second angular harmonics (k = 1) for Transverse RF. Same arrivals as in (d) are 
shown in the violet box. 

Fig. 3. Angular harmonics for all the seismic stations analyzed. For each station, the top panel shows the k = 0 harmonics for the Radial RF. The gray box indicates 
the time-window where most relevant periodic arrivals occurs on the k = 1 harmonics. The black arrow displays the arrival time of the most relevant positive S-wave 
velocity jump below the Moho. Bottom panel shows the k = 1 harmonics for the radial (black solid lines) and transverse (black dashed lines) RF. The time-window 
where we found a robust coherence of the k = 1 harmonics in R and T RF is indicated with a gray box. The gray arrow displays the azimuthal direction where the 
main periodic pulses change their polarity (i.e. the direction of the main symmetry axis of the system). 
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5 s and 9 s, with a polarity flip at about 45–60∘ baz direction (pink box in 
Fig. 2b). The stacking process highlights both “constant” and “variable” 
arrivals in the two RF data-sets. For the R-RF data-set, the k = 0 stacking 
displays the same features mentioned above, i.e. two positive pulses at 
2 s and 11 s, and a negative one at 8 s (Fig. 2c). It is worth noticing that 
the negative pulse is much more clear now, when periodicity is removed. 
The k = 0 stacking for the T-RF data-set is almost zero, as it should be, 
testifying the goodness of the baz coverage. Finally, the k = 1 stacking 
displays exactly the same patterns in the two data-sets (pink box in 
Fig. 2ef), which is a clear sign of the presence of anisotropic materials at 
depth, as originally stated in Farra and Vinnik (2000). 

In Fig. 3, we present the k = 0 stacking for the R-RF dataset (top 
panel), and the k = 1 stacking for both the R- and T- RF datasets (bottom 
panel), for all investigated stations. Stations are roughly ordered from 
North to South along the Tyrrhenian coast. There are some general 
patterns that are represented in all data-sets, and some peculiar patterns 
for groups of stations. First of all, we observe a great coherence in the 
k = 1 stacking between R-RF data-set (black lines in the bottom panel) 
and the T-RF dataset (dashed line in the bottom panel), especially in the 
gray-shaded box highlighted in both top and bottom panels. Station 
ALTO is the only one where un-coherent arrivals are found in the two 

k = 1 stacking, testifying the poor back-azimuthal coverage for this 
temporary station. Second, for all station but ALTO, the pulses in the 
gray-shaded box of the k = 1 stacking have a symmetry axis (indicated 
with an horizontal light-gray arrow in the bottom panel) at different baz 
directions, where the baz direction increases from North to South. 
Speaking of more local observations, the stations to the North (SGIO/ 
BULG/CUC/MMNN/SIMO) display a positive pulse in the k = 0 stacking 
within the gray-shaded area, arriving always to the end of such time- 
window (black vertical arrow in the top panel). This pulse is missing 
or unclear for station SGIO. In the datasets for the southernmost stations 
(CARO/AIEL/JOPP), the same positive pulse arrives always at the 
beginning of such time-window (vertical black arrow in the top panel). 
All these observations point out a general complex seismic structure for 
the mantle wedge, where anisotropic materials and/or dipping struc-
tures must be present at a sub-Moho depth level, and they justify the 
parameterization presented in the previous section. 

We invert the R-RF and T-RF data-sets, with a similar parameteri-
zation but independently for each seismic station, following the NA 
approach presented above. The NA search ends up with a family of 
models that fit the observation quite well, as shown in Fig. 4. As ex-
pected, the selected parameterization works for all station but ALTO, 

Fig. 4. Fit between observed and predicted angular harmonics, for all the seismic stations analyzed. In each panel, red lines represent the angular harmonics 
computed using the best-fit model for the indicated station, obtained with the neighborhood algorithm. Top panels as in Fig. 3. In bottom panel, we plotted the sum of 
the k = 1 harmonics for R and T RF (i.e. the sum of the solid and dashed lines in bottom panels of Fig. 3. The sum of the two k = 1 harmonics is used to highlight 
coherent patterns in R and T RF periodicity. 
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which has a strong component of “Un-modeled” (Park and Levin, 2016) 
contribution to the stacking. The resulting best-fit models are presented 
in Figs. 5 and  6. Looking to the 1D VS profiles, we note that for all 
stations the anisotropy in the mantle wedge (orange boxes in Fig. 5) has 
a large magnitude (about 15%), without any distinction between sta-
tions to the North in the foothills of the Southern Apennines (stations: 
BULG, SGIO, CUC, MMNN and SIMO) or along the Calabrian arc (sta-
tions: CARO, AIEL, JOPP). On the other hand, such portion of the model 
is definitely thicker to the North (ranging 40–50 km think) with respect 
to the South (between 20 and 35 km thick). As a consequence, the 
“subduction interface” (i.e. the contact between the two plates, here the 
top of the subducted crust, which translates in our model, to the inter-
face between the two anisotropic layers, between the two colored boxes 
in Fig. 5) is relatively shallower in the South with respect to the North. 
Two striking differences between North and South are: (1) the magni-
tude of the anisotropy in the subducted crust, which is much higher to 
the North with respect to the South; and (2) the presence of a strong 
“positive” (i.e. seismic velocity increases with depth) velocity jump at 
the bottom of the subducted crust, which is almost absent to the South. 

In Fig. 6, we report a map of the the azimuthal directions of the two 
anisotropic layers considered in our parameterization, together with 
some related parameters (e.g. plate interface strike). The upper aniso-
tropic layer (i.e. the mantle wedge in our parameterization) displays an 
azimuthal direction which seems coherent with the local slab curvature 
(i.e. it is normal to the local curvature), rotating from NE-SW, in the 
North, to SE-NW, in the South. The rotation seems quite continuous 
along the arc. All anisotropic layers show similar magnitude of anisot-
ropy (about 10–15%). Conversely, the lower anisotropic layer (i.e. the 
subducted crust in our parameterization) displays quite scattered di-
rection of anisotropy both in the South and in the North. However, as 
previously highlighted, the magnitude of the anisotropy for this layer is 
definitely larger to the North (10–14%) with respect to the South 
(3–8%). Finally the local strike of the plate boundary seems to be 
coherent with the Calabrian arc geometry, rotating from NW-SE in the 
North, to SW-NE to the South. The depth of the plate interface is shal-
lower to the South (54-to-68 km depth) with respect to the North (71-to- 
87 km depth). 

4. Discussion 

Our results shed light on the elastic properties of the mantle wedge 
along the Southern Tyrrhenian sea, at the transition between Southern 
Apennines and the Calabrian Arc. All the seismic stations, exclusive of 
ALTO, recorded a relevant number of teleseismic events coming from 
different baz directions, enabling to constrain both isotropic and 

anisotropic properties of the rocks composing the upper mantle and 
subducted crust. The retrieved 1D VS profiles for all stations display both 
common features and some spatial patterns, which indicate that the bulk 
of the mantle wedge is quite homogeneous across the transition, while 
the subducted crust shows more variability between stations in the 
North, close to the tip of the Southern Apennines, and stations directly 
on top of the Ionian subducted plate to the South. 

In the mantle wedge, our first shallower anisotropic layer, anisotropy 
seems to be quite homogeneous, with a strong amplitude (about 
12–15%) and a symmetry direction that rotates clockwise from North to 
South, coherently with the subduction trench. Such high degree of 
anisotropy has been already found beneath station CUC in Piana Agos-
tinetti et al. (2008b) and it is explained as a mantle wedge shear zone 
above the subducted oceanic crust. Anisotropy in the mantle wedge as 
large as 5% is usually indicated by SKS splitting measurements. How-
ever, RF studies focused on the mantle wedge found larger values (e.g. 
8–10%, Nikulin et al., 2009; Wirth and Long, 2012). Its continuity and 
homogeneity toward the South indicate that the process shaping the 
mantle wedge could be unique across the transition from the Southern 
Apennines to the Calabrian Arc. This hypothesis is also supported by the 
direction of symmetry between different station, which show a simple 
pattern, i.e. trench normal. This pattern is usually related, in subduction 
zones, to the mantle flow that follows a slowly retreating slab. In such 
case, the mantle wedge directly in front of the retreating slab should 
display a trench normal direction (Long and Silver, 2008). Local studies 
of anisotropy direction based SKS waves did give different results, where 
SKS splitting measurements furnish an almost trench parallel direction 
and seem to indicate the direction of flow at depth, behind the slab (i.e. 
escaping from behind a retreating slab, Margheriti et al., 2014). 

Conversely, the second, deeper, anisotropic layer considered in our 
parameterization, which, following Piana Agostinetti et al. (2008b), 
represents the subducted crust, displays relevant differences between 
the stations deployed to the North at the tip of the Southern Apennines, 
with respect to the stations to the South. Due to the difficulties in 
retrieving the “polarity” of the aisotropy in this layer (positive or 
negative) we do not have clues to define the mechanism which produce 
such anisotropic behavior. Nevertheless, we can extract relevant infor-
mation about the subducted crust from our results. In the North, the 
anisotropic layer is generally about 20 km think, its anisotropic 
magnitude is higher and it is located deeper with respect to the stations 
in the South. These indications suggest the presence of a thick slice of 
continental crust still on top of the slab, undergoing metamorphism 
leading to blueschist facies, consistent with laboratory measurements 
and theoretical computations (Fujimoto et al., 2007; van Keken et al., 
2011; Kim et al., 2013) and with what already found in the Northern 

Fig. 5. Results of the inversion of the RF data-set, using a neighbourhod algorithm, in terms of best-fit models. The 1D isotropic S-wave velocity, together with the 
anisotropic intensity for the mantle wedge stratification, are reported for each station. Green and blue rectangles indicate (hyphotised) continental and oceanic 
subducted crust, respectively. 
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Apennines (Piana Agostinetti et al., 2011). Moreover, the S-wave ve-
locity jump at its base could represent the subducted Moho, as seen in 
Piana Agostinetti and Miller (2014). In the South, the same anisotropic 
layer has a lower magnitude and it generally occurs shallower. The 
S-wave velocity jump at the top of such layer could indicate that the 
subducted crust is still not going into its metamorphic process (or 
starting the process leading to greenschist facies, given the small 
anisotropic magnitude), thus representing the “sealed” top of the sub-
ducted oceanic slab (Audet et al., 2009). However, our interpretation is 
debatable because its thickness is quite large (about 20 km, as in the 
North) for being representative of the oceanic crust-type. Differences 
between the Northern and the Southern stations could be given by the 
differences in metamorphic stage of the subducted materials. Finally, 
the coherence of the direction of symmetry in the anisotropic layers, in 
the North, which is lacking to the South, can implies different mecha-
nisms of deformation within the subducted crust. 

The geometry of the plate boundary, represented by the interface 
between the two anisotropic layers in our parameterization, is aligned 
with the curvature of the subduction arc. However, to the North, it 
seems to be slightly deeper with respect to the South. The variation 
could occur as a step or a gentle ramp but, in any case, can indicate a 
potential weak zone where an incipient slab tear could be in continuity 
with previously mapped subvertical lithospheric discontinuity in the 
area (Chiarabba et al., 2016). However, our results indicate that the slab 
is still continuous at least at shallow depths (< 100 km), supporting the 
hypothesis of a local slab window as seen by a localized lack of 
intermediate-depth and deep seismicity, only deeper than 100 km 
(Chiarabba et al., 2008). 

5. Conclusions 

We analyze teleseismic data recorded by nine seismic stations 
deployed across the transition between the Southern Apennines and the 
Calabrian Arc, an area of active subduction in the Central Mediterranean 
sea. Our results shed light into the mantle wedge elastic structure in 
terms of both S-wave seismic velocity at depth and anisotropic behavior 

of the rocks material composing the mantle wedge and the subducted 
crust. In particular, we find that: .  

1. RF analysis can be used to make punctual estimations of anisotropy 
in the mantle wedge, without mixing contribution from different 
elements of the subduction system. Anisotropy in the mantle wedge 
seems to be generated by alignment of the olivine crystals with the 
flow direction consistent by slab retreat.  

2. The seismic properties of the subducted crust changes along the 
subduction zone, indicating a possible change in subducted crustal 
materials, from continental to oceanic. However, such changes could 
be also given by a different metamorphism of the subducted 
materials.  

3. The geometry of the plate boundary almost follows the geometry of 
the trench, indicating an almost continuous subduction zone (i.e. 
potential slab tears should be deeper than 100 km depth);  

4. The depth of the subducted crust changes from North to South, 
indicating that local topography of the plate boundary exists. 

Our results clearly highlight differences in the subducted materials 
but not in the mantle wedge sensu stricto. Such differences could be 
linked to discontinuities in the subducted lithosphere. In the future, data 
from temporary experiments in the area could furnish additional finer 
details on the slab topography closer to the transition. 
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upper anisotropic layer (red oriented bars), with the reported anisotropic intensity (red numbers). (b) Azimuthal direction of the anisotropic axis in the lower 
anisotropic layer (colored oriented bars), with the reported anisotropic intensity. Blue (Green) bars refer to hypothesized subduction of oceanic (continental) ma-
terials. (c) Depth and strike of the hypothesized plate boundary. 
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