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Abstract 
 

One- and two-dimensional Vp models were obtained by TomoVes experiment, all characterized 
by low Vp in the uppermost 500 m and a sharp discontinuity at about 2-3 km beneath the volcano. 
Large amplitude late arrivals were identified as P- to S-phases converted at the top, between 8 and 10 
km deep, of a low velocity layer with a dramatic drop of Vs, from approximately 3.6 km/s to less than 
1.0 km/s. Here we synthesize the interpretation of Rayleigh wave dispersion measurements, made by 
several authors, to delineate the extent of such anomalous layer of hot, partially molten, crust material. 
Our non-linear inversion of broad-band dispersion measurements, gives a thickness not greater than 
0.35 km, if we assume Vs equal to 1.0 km/s. The volume occupied by this very low velocity layer, sill 
shaped, is compatible with the size of Mt. Vesuvius cone, but it develops above a much larger hot 
mass which could be the parental source as the erupted products are only few percent of magma 
chamber. 
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Over the past ten years intensive efforts have been made to study details of the inner structure 

of Mt. Vesuvius. A preliminary three-dimensional tomographic image of the Somma-

Vesuvius structure was obtained from the inversion of first P and S arrival times of local 

earthquakes 1. Such model showed a central, high rigidity core of the volcano extending to a 

depth of about 5 km, interpreted as magma solidified in the main eruptive conduits. During 

1994-97 multi-two-dimensional seismic refraction experiments (TomoVes) were performed. 

One- and two-dimensional Vp velocity models of the shallow structure (up to 3-4 km of 

depth) were obtained by using different methods 2. Although they differ in the details, all the 

models are characterized by low P velocities (1.5–2.5 km/s) in the shallow layer (<500 m), 

and a sharp discontinuity at about 2-3 km of depth beneath the volcano, interpreted as the top 

of the Mesozoic carbonate horizon 3, 4, 5, 6. Large amplitude late arrivals were identified as P to 

S phases converted at the top of a low velocity zone with a dramatic drop of Vs from 

approximately 3.6 km/s to less than 1.0 km/s. The depth of this interface is at about 10 km 7 or 

about 8 km 6, by assuming a Vp/Vs ratio of 1.8. It was interpreted as due to the presence of a 

very extended layer of hot, partially molten, crust material 6. A still open question is the depth 

extension of this very low S-wave velocity layer whose top can be placed at a depth between 

8 and 10 km. 

Surface waves represent a quite effective tool to investigate the extension of low velocity 

layers, particularly powerful when stringent a priori constraints can be placed at the stage of 

inversion on the value of the velocity 8. The properties of the crust and upper mantle below 

Mt. Vesuvius (Fig.1) have been delineated by intensive broad-band (0.3-100s) measurements 

of Rayleigh waves 9, 10, 11 , shown in figures 2 (a-b), combined with available body and 

surface waves tomographic inversions 12, 13, 14, 15, 16. Average Vs models have been obtained 

for a set of very local dispersion profiles by means of non-linear inversion 11. To investigate 

the Vs models of the crust, a total of 12 parameters have been inverted, of which 7 S-wave 

velocities (Vs) and 5 thicknesses. The parameter’s space of Vs (Fig. 2c) has been chosen 

according with typical ranges of variation of volcanic and sedimentary rocks, but very wide 

at depth greater than 5 km to explore the presence of very low Vs (near zero values), as 

obtained by TomoVes studies 6, 7. From the set of solutions, we accept as representative 

solution the one with rms (root mean square) error closest to the average rms error of the 

solution set, and hence reduce the projection of possible systematic errors 8 into the structural 

model. All relevant solutions (Fig. 2c) are characterized by Vs velocities increasing from 0.6 

km/s, typical of tuff material 17, to about 2 km/s in the shallower 0.5-1 km of depth. Instead, 

anomalously high Vs around 3.3 km/s characterize the area where the SMC station is located. 

At greater depths, about 2-3 km, Vs increases to 2.40-3.05 km/s, very probably in the 
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limestone horizon, calibrated in the Trecase well (see Fig. 1), and to 3.30-3.65 km/s at 3-6 km 

of depth. A main feature of Somma-Vesuvius crustal structure is represented by low Vs 

layers at about 10 and 20km of depth. The deeper low Vs layer is found below all stations, 

formed by mantle or by a mélange of crust and mantle material, with sizeable phenomena of 

partial melting. It is a regional feature and can be interpreted as magmatic reservoir of 

Campania active volcanoes. The shallower low-velocity layer is at 7-11 km of depth, with 

velocities decreasing from 3.40-3.65 km/s to 2.45-3.05 km/s, and is absent at the VIS station 

(Figs. 1-2c), at a distance of about 15 km from the crater, i.e. outside of the volcano. 

Accordingly to Taylor and Singh 18, this Vs reduction, corresponding to a minimum velocity 

inversion of about 10%, may correspond to the presence of 5-10% partial melting, depending, 

for a solid matrix with isolated inclusions of melt, on the aspect ratio of the melt inclusions. 

The depth of the discontinuity and the Vs value above it are in agreement with TomoVes 

results (Vs=3.61 km/s after Auger et al. 6). The structural models below Mt. Vesuvius (Fig. 3) 

indicate moderate lateral variations, and an average Rayleigh group velocity dispersion curve 

can be considered to define the average properties of Mt. Vesuvius cone. The non-linear 

inversion of such average group (0.3-35s) and phase (10-100s) velocities gives a 

representative Vs model characterized by a 5% Vs reduction at about 8 km of depth (Fig. 4a), 

which may correspond to the presence of less 5% partial melting. Below the discontinuity, if 

we impose as a priori information the value of 1.0 km/s, from Auger et al. 6, the result of our 

inversion indicates a thickness of 0.050-0.350 km for this very low velocity layer, which 

cannot be resolved (too thin) inverting our data with unconstrained Vs velocity (Fig. 4c). The 

dimensions of this very low velocity layer suggest the presence of a sill with a volume 

compatible with the size of Mt. Vesuvius cone. However, this structure develops above a 

much larger hot mass connected to the mantle. This latter body could be the parental source 

as the erupted products are only few percent of magma chamber. 
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Figure 1 - Topographic map of Somma-Vesuvius with location of the examined seismic stations and 
the Trecase well (modified after Vilardo et al. 19).  
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Figure 2 - (a) Regional group and phase velocities of Rayleigh waves, with error bars, obtained for the 
cell containing Mt. Vesuvius from teleseismic tomography 10. (b) Average Rayleigh wave group 
velocity dispersion curves, with error bars, measured from local events at the stations shown in figure 
1. (c) Results of the non linear inversion (lines) obtained at all stations from the simultaneous 
inversion of group (T=0.3-35s) and phase (T=25-100s) velocities. The area delimited by dashed line 
represents the investigated parameter space. As in Natale et al. 11, the root mean square (rms) of the 
chosen solution (thick line) is as close as possible to the average rms, computed from all solutions. 
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Figure 3 – The chosen Vs models are shown along a SE-NW-SW-NE cross-section through Mt. 
Vesuvius. The grey bands indicate the boundaries between layers, that can well be transition zones in 
their own right, and the group of numbers indicates the ranges for Vs in km/s. 
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Figure 4 – (a) The Vs solutions from hedgehog inversion of the average Rayleigh wave group 
velocity dispersion curve computed, in the period range 0.3-2 s, for all stations on Mt. Vesuvius cone 
(BAF, BKN, BKS, BKE, SGV in Figs 1-2b), and regional group (T=10-35s) and phase (25-100s) 
velocities (Fig. 2a). (b) The chosen Vs model for Mt. Vesuvius cone. The grey bands indicate the 
boundaries between layers, that can well be transition zones in their own right, and the group of 
numbers indicates the ranges for Vs in km/s. Red patches on the cone refer to seismic stations. (c) 
Uppermost part of the chosen model, if we impose, as a priori information, the value of 1.0 km/s 6, for 
the low velocity layer at 8 km of depth (this ultralow-velocity layer is present in all solutions). 


