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 18 

Figure S1. Inter-station ray-path between (a) center station VSL and all other stations, (b) 19 
center station PGT2 and the rest of the stations. (c-d) Examples of record section of cross-20 
correlation calculated for the ray-paths in a and b, respectively. The cross-correlation 21 
functions have been bandpass filtered between 5 – 15 s. 22 



 3 

 23 

Figure S2. The estimated resolution map obtained from the surface wave tomography 24 
method. Resolution estimates for (a-d) group velocity and (e-h) phase velocity at 5, 10, 20 25 
and 50 s, respectively. The azimuthal paths coverage used for tomography inversion at each 26 
period is shown on the inset map.  27 
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Figure S3. Sensitivity kernels for Rayleigh-wave (left) group and (right) phase velocity for 29 
different periods.  30 
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Figure S4. Horizontal slices of standard deviations of the 3-D shear velocity model.  32 
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Figure S5. Vertical sections of the standard deviations of the 3-D shear velocity model along 34 
profiles shown in Fig. 4. The dashed line shows the Moho undulation along the profile.  35 
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Figure S6. Shear velocity model at different depths beneath the Tyrrhenian basin.   37 
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Figure S7. Trans-dimensional Bayesian inversion results for synthetic dispersion curves. 39 
Synthetic dispersion curves for (a) group velocity and (b) phase velocity with and without 40 
noise. (c) Posterior probability for the position of discontinuities. The horizontal red line 41 
marks the location of retrieved Moho discontinuity. (d) Posterior Probability Density (PPD) 42 
for shear velocity as a function of depth. The green solid line indicates the true 1-D velocity 43 
model used to prepare data in a and b. Similarly, the dashed white and red line represent the 44 
smooth mean model retrieved from the inversion. We use the depth difference between the 45 
blue and the black lines on (d) to estimate the uncertainty of the Moho depth.  46 
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Figure S8. Tests showing the depth resolution of the applied inversion method. Here we 48 
compare six different true models (green line) to the recovered models (red and white line). 49 
Dashed blue lines show the AK135 mantle velocity. The Moho depth is estimated from the 50 
interface probability along each velocity depth profile. 51 
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 52 

Figure S9. Shear-velocity structure for grid nodes in (a) the northern Tyrrhenian basin 53 
(yellow star on map), (b) the Vavilov basin (black star on map), (c) Marsili basin (blue star 54 
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on map) and (d) Calabria (red star on map). The horizontal red line depicts the depth of the 55 
Moho discontinuity estimated in this study. The horizontal green line on (d) indicates a 56 
possible double Moho in agreement with previous studies from receiver functions1. 57 

 58 

Figure S10. The contour of the Moho depth topography estimated in this study. The Moho 59 
depths found here are very consistent with crustal thickness found in previous studies1–3.  60 
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Moho depth estimation 61 

We estimate the Moho depth topography for the study area by analyzing the probabilistic 1-D 62 

shear velocity-depth profile at each grid node for the depth where there is a probability for a 63 

discontinuity at a pertinent shear-wave velocity. The pertinent shear-wave velocity 64 

corresponds to velocities > 3.6 km/s, considering that the average shear velocity of the crust 65 

is ~3.5 km/s. Surface wave dispersion measurements are generally sensitive to absolute shear 66 

wave velocities but are poor in constraining discontinuities. Here, we test the feasibility and 67 

accuracy of using the joint inversion of group and phase dispersion measurements applying 68 

the trans-dimensional Bayesian inversion method to constrain the Moho discontinuity from 69 

the interface probability. For this experiment, we first compute the group and phase velocity 70 

dispersions for 1-D velocity model with a Moho at 30 km. Then a correlated noise is added to 71 

the synthetic data to make representative observed data (Fig. S7a and b). These data are then 72 

inverted for the shear velocity profile using the trans-dimensional Bayesian inversion 73 

method. The first one-third of samples are discarded and the average of the remaining 74 

samples are considered to visualize probabilities of discontinuity and S velocity as a function 75 

of depths. The inversion results (Fig. S7c and d) show that the absolute velocities from the 76 

true model are well constrained by the average shear velocity (red and white dash line in Fig. 77 

S7d), and two strong discontinuities (out of the five from the true model) are recovered at 78 

~2.5 km and at ~27 km (Fig. S7c). We consider the second discontinuity at ~27 km to 79 

correspond to the Moho interface, which is set at 30 km in the true model (Fig. S7d). For all 80 

the test we carried out, we observe that the recovered Moho interface is underestimated. This 81 

may be because of the poor sensitivity of the dispersion data to the location of discontinuities. 82 

As a result, the velocity discontinuity smears out giving maximum probability near the 83 

average velocity between layers (e.g., Figs. S7 and S8). Again, we notice that the mean shear 84 

velocity at the Moho depth (blue line, Fig. S7d) does not correspond to the velocity of the 85 
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underlying mantle but rather an average of the crust and mantle velocities. This sometimes 86 

causes the Moho depth when plotted on the velocity sections as in Figure 4, in some places, 87 

crosses low velocity structures. We estimate the uncertainty associated with the Moho depth 88 

by obtaining the difference in depth between the recovered Moho (blue line, Fig. S7d) and 89 

the depth at the start of the mantle velocity (black line, Fig. S7d) which usually is where the 90 

gradient of the mean velocity is approximately infinite.  When applied to real data as shown 91 

in Figure S9, the Moho depth from the interface probability is in good agreement with 92 

inferred Moho depths from previous studies. 93 

Depth Resolution Tests 94 

We test the resolution capabilities of the trans-dimensional Bayesian inversion by creating 95 

Rayleigh wave group and phase synthetic dispersion curves for different models with 96 

different Moho depth and variable crustal complexities. Figure S8 shows the true models 97 

used to compute the synthetics and the inversion results. All the true models have crustal 98 

velocity structure sandwiched between a sedimentary basin and underlying mantle structure 99 

following AK135 apart from one smooth velocity anomaly. A correlated noise is added to the 100 

synthetic dispersion curves. 101 

The inversion is most sensitive to the shallow structure given the narrow distribution of the 102 

velocities from the ensemble models and uncertainty increases as a function of depth. The 103 

inversion is unable to constrain the velocity of the shallow sedimentary layers. This is 104 

expected since our surface wave dispersion curves do not include periods shorter than 5 s. 105 

Interestingly, for most of the tests shown in Figure S8, the interface probability shows the 106 

presence of a shallow layer with a thickness less or equal to 1 km likely corresponding to the 107 

sedimentary layer. The presence of this shallow interface may be the result of the large 108 

impedance contrast between the sedimentary layer and the crust. When the sedimentary layer 109 
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is 5 km thick (Fig. S8f), inversion constrains both the absolute velocity and the location of 110 

the discontinuity very well, suggesting that very thick sedimentary basin can be resolved very 111 

well. 112 

We estimate the depth of the Moho from the interface probability (Fig. S8). There are some 113 

discrepancies between the recovered and true Moho locations when we use maximum 114 

interface probability approach. In all cases, Moho depth is understimated. The differences are 115 

~2 km for the shallow Moho (Fig. S8e) and ~5 km for deeper Moho (Figs S8b-d). For very 116 

complex crustal structure shown in Figure S8f, the interface probability is unable to uniquely 117 

resolve the Moho. In such a case, we estimate the Moho as the depth where the strongest 118 

velocity gradient occurs at a pertinent velocity. In the case where we strongly perturb the 119 

input dispersion curves (Fig. S8a), the Moho depth shows an error of ~10 km. The 120 

consistency of the interface probability to provide an estimate of the Moho depth even for 121 

models with slightly weak impendence contrast (not shown here) suggest that it is a viable 122 

way to estimate the Moho depth from the 1-D profiles. However, we have to be cautious 123 

about the inherent problem of using surface waves to locate discontinuities which can cause 124 

wider uncertainties on the Moho depth location.  125 

The inversion is able to retrieve all the mantle anomalies down to 150 km in their tendency 126 

(positive/negative velocity anomaly with respect to AK135) although the peak amplitude is 127 

sometimes underestimated or overestimated. Deeper (Figs S8b and f ) as well as narrower 128 

(Figs S8d and e) anomalies are well estimated by the inversion. The inversion underestimates 129 

the anomaly in Figure S8a but recovers the velocity above the anomaly very well. 130 

Inversion of observed measurements 131 
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Figure S9 shows how the inversion fared on real data. We show four velocity profiles from 132 

the Bayesian inversion using local dispersion curves extracted from group and phase 133 

tomography maps. Figure S9a is the inversion results for a grid point in the northern 134 

Tyrrhenian basin, where the Moho depth is ~16 km4. In the Vavilov and Marsili basin, we 135 

observe a possible Moho depth at ~10 km (Figs S9b and c, respectively). The velocity-depth 136 

profile beneath Calabria (Fig. S9d) indicates two probably interfaces at ~33 and 54 km, given 137 

hints about the possibility of a double Moho in agreement with Receiver function results1. 138 

Figure S10 shows the contour map of the Moho topography estimated for the Tyrrhenian 139 

basin and margins from the interface probability. This map agrees with the most recent 140 

published map of the Moho topography of the study area2.  141 
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