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Inversion of large-scale potential-field anomalies, aimed at determining density or magnetization, is usually made in the Fourier domain. The commonly adopted geometry is based on a layer of constant thickness, characterized by a bottom surface at a fixed distance from the top surface. We propose a new method to overcome this limiting geometry, by inverting in the usual iterating scheme using top and bottom surfaces of differing, but known shapes. Randomly generated synthetic models will be analyzed, and finally performance of this method will be tested on real gravity data describing the isostatic residual anomaly of the Southern Tyrrhenian Sea in Italy. The final result is a density model that shows the distribution of the oceanic crust in this region, which is delimited by known structural elements and appears strongly correlated with the oceanized abyssal basins of Vavilov and Marsili.

A c c e p t e d M a n u s c r i p t 1 Introduction

The inversion of potential-field anomalies, to obtain information on the density or magnetization distribution generating the observed field, is characterized by non-uniqueness of the solution. To reduce the level of ambiguity the user must introduce some additional information about the source, known as "a priori" information. Large-scale potential-field anomalies are usually inverted in the 2-D limit, with the horizontal extension of the source effectively larger than the depth extension. In this approach, a unique solution is obtained because the source is confined between two surfaces of given shapes and the density or magnetization is invariant in each vertical column of the layer. This model is particularly effective when the observed anomaly is mostly generated by topographic features, assuming the top surface of the layer is described by topography. Inversion methods using a linear approach by discrete cells parameterization exist, but they are particularly ineffective when dealing with a large amount of data since the dimensions of the associated matrices are of the same order of the squared number of data points. With increasing amounts of data, the inversion is usually performed in the Fourier domain. Since the pioneering work of [START_REF] Parker | The rapid calculation of potential anomalies[END_REF], different methods have been developed. In particular, [START_REF] Parker | The inversion of magnetic anomalies in the presence of topography[END_REF] have provided an iterative framework for the inverse problem. This approach has been successfully used to compute the field at a constant level by using an equivalent source distribution [START_REF] Hansen | Continuation of potential fields between arbitrary surfaces[END_REF][START_REF] Pilkington | Reduction of potential field data to a horizontal plane[END_REF]. [START_REF] Oldenburg | The inversion and interpretation of gravity anomalies[END_REF] [START_REF] Hussenhoeder | Direct inversion of potential fields from uneven track with application to the Mid-Atlantic Ridge[END_REF] have inverted magnetic data directly in cases of uneven tracks. However, when dealing with inversion aimed at determination of density or magnetization distribution, these methods often assume a constant thickness for the layer. In some geological settings this could be a straightforward assumption, for example in the analysis of marine magnetic anomalies, where the magnetized portion of the crust generating the observed anomaly can be considered uniform in thickness [START_REF] Macdonald | Investigation of a Vine-Matthews magnetic lineation from a submersible: the source and character of marine magnetic anomalies[END_REF]. However, in general, the constant thickness of the layer may be a limiting assumption, and thus the density or susceptibility obtained under this hypothesis may be significantly different than in cases of uneven thickness. The choices of the limiting top and bottom surfaces fully characterize the non-uniqueness domain of this inversion method, and thus the solution strongly depends on the particular shapes of these enclosing surfaces [START_REF] Blakely | Potential Theory in Gravity and Magnetic Applications[END_REF]. This problem is particularly evident in the case of gravity, in which the isostatic setting is characterized by a deep root that sustains the topography. Thus, we have modified this method and its theoretical framework in order to deal with differing top and bottom surfaces of the layer, as in cases of uneven thickness. This has been obtained by a simple mathematical modification of the method by [START_REF] Parker | The inversion of magnetic anomalies in the presence of topography[END_REF]. We will demonstrate the capability of the method with some synthetic tests, both for gravity and magnetic data. Finally we will develop the density model of the Southern Tyrrhenian Sea (Italy) starting from the isostatic residual anomaly, which allowed us to obtain important information about the distribution of the oceanic crust in this region.

A c c e p t e d M a n u s c r i p t 2 Theoretical framework [START_REF] Parker | The rapid calculation of potential anomalies[END_REF] has demonstrated that the total-intensity magnetic anomaly of the layer in the Fourier domain can be written as

F [ΔT ] = μ 0 2 Θ m Θ f e |k|z 0 ∞ n=1 (-|k|) n n! F [M(z n t -z n b )], (1) 
while the equivalent gravitational expression is

F [g z ] = 2πγe |k|z 0 ∞ n=1 (-|k|) n-1 n! F [ρ(z n t -z n b )], (2) 
where (1) ΔT and g z are the magnetic and gravity anomalies;

(2) μ 0 and γ are, respectively, the magnetic and gravity constants;

(3) F indicates the Fourier operator; Though these expressions have been successfully used to evaluate anomalies generated by topographic sources [START_REF] Macdonald | Investigation of a Vine-Matthews magnetic lineation from a submersible: the source and character of marine magnetic anomalies[END_REF][START_REF] Parker | The rapid calculation of potential anomalies[END_REF], they can be easily introduced in the inverse model by an iterative procedure.

In the case of a layer with constant thickness t, [START_REF] Parker | The inversion of magnetic anomalies in the presence of topography[END_REF] have demonstrated that, by isolating the n = 1 term of the summation of 1),( 2), we obtain a self-consistent equation:

F [M] = 2F [ΔT ] μ 0 Θ m Θ f e |k|z 0 (1 -e -|k|t ) - ∞ n=2 (-|k|) n n! F [Mz n t ], (3) 
for the magnetic case, and

F [ρ] = F [g z ] 2πγe |k|z 0 (1 -e -|k|t ) - ∞ n=2 (-|k|) n-1 n! F [ρz n t ], (4) 
for the gravity anomaly. These equations can be solved iteratively by making an initial guess and then solving for a new magnetization or density distribution which is then reintroduced into eqs.( 3) and ( 4) until the method numerically converges. This procedure is subject to some instability [START_REF] Schouten | Filtering marine magnetic anomalies[END_REF][START_REF] Blakely | Comments on 'Filtering marine magnetic anomalies' by Hans Schouten and Keith McCamy[END_REF], such that the result should be low-pass filtered at each iteration. A detailed discussion on the calibration of the filtering procedure is given in Phipps Morgan and Blackman (1993).

They posed this problem as an inverse problem and determined the optimal filter, according to a weighted combination of a minimum slope or maximal smoothness criteria, in order to find the crustal thickness variation. The order of expansion can be stopped at n = 5; this is a good compromise according to the resolution of marine gravity data [START_REF] Marks | Some remarks on resolving seamounts in satellite gravity[END_REF]. The original approach by Parker and Huestis (1974) can be modified in order to deal with a layer characterized by an uneven thickness. It simply states from eq.( 1), that we can isolate again the n = 1 term of the summation as follows

F [M(z t -z b )] = -2F [ΔT ] μ 0 Θ m Θ f |k|e |k|z 0 - ∞ n=2 (-|k|) n-1 n! F [M(z n t -z n b )]. ( 5 
) Since z t = z b is a root of the polynomial (z n t -z n b ), it is also clear that (z t -z b )
is a divisor of this polynomial. This also means that the term (z 

F [M s ] = -2F [ΔT ] μ 0 Θ m Θ f |k|e |k|z 0 - ∞ n=2 (-|k|) n-1 n! F [M s P n-1 (z t , z b )], ( 6 
)
where it is straightforward to demonstrate that

P n (x, y) = x n + x n-1 y + ... + xy n-1 + y n (7)
is the complete polynomial of order n with unitary coefficients. The gravitational equivalent expression is:

F [ρ s ] = 2F [g z ] 2πγe |k|z 0 - ∞ n=2 (-|k|) n-1 n! F [ρ s P n-1 (z t , z b )], (8) 
where the surface density takes on the equivalent expression ρ s ≡ ρ(z tz b ).

Eqs. ( 6) and ( 8) can be solved iteratively as in the original formulation by [START_REF] Parker | The inversion of magnetic anomalies in the presence of topography[END_REF] for surface magnetization or density. When the method converges, true magnetization or density is determined by dividing for (z tz b ). Again, low-pass filtering at each iteration is needed to provide convergence because of the instability in the high-frequency sector of the Fourier spectrum. To properly define the density or magnetization distribution, we

adopt a cosine roll-off filter H, defined in the following equation:

H = 1 |k| < k l H = 0.5 1 + cos π(|k| -k l ) (k h -k l ) k l ≤ |k| ≤ k h (9) H = 0 |k| > k h
where the interval [k l , k h ] defines the thickness of the filter. A good compromise can be chosen as k l = 0.5k h . We are thus left with the choice of the optimal value of k h . To this aim, we adopt an empirical criterion. The convergence of the method is achieved when the iterated distribution of density or magnetization no longer exhibits any significant change, namely < 0.1%, with 1997). Random Gaussian noise with a standard deviation of 3% of the data magnitude was added to simulate a real survey. Fig. 1 shows that the recovered models are in good agreement with the true models, even if the bottom surface is significantly different in shape than the top surface. The continental crust is not homogeneous and is represented by the superposition of shallow sedimentary units over crystalline/metamorphic rocks with high fracturement. The density of this crust ranges from 2.5 to 2.7 g/cm 3 . The oceanic crust is formed by a gabbroic basement with a thick cover of basaltic lava and pillow lava. The average density of this material is comparable to the density of the tholeiitic basalt (3-3.1 g/cm 3 ). In these terms, a reconstruction of the density distribution of the Tyrrhenian Sea can be used to define the oceanic continental portion of the basin.

C * (k x , k y ) = C(k x , k y )/k β/2 , ( 10 

The Southern Tyrrhenian Sea density model

A c c e p t e d M a n u s c r i p t is clearly confined by several structural elements (Fig. 2, Fig. 3d).The Selli Line represents the northwestern margin whereas the 41 • is the uppermost limit.

The maximum density is located over the Vavilov structure, which is clearly a submerged oceanic body as confirmed by the ODP-drilled data (Kastens et al., 1988). In the southernmost portion of the Tyrrhenian Sea, the highest val- 

  modified this method to determine the geometry of the density interface from Page 3 of 19 A c c e p t e d M a n u s c r i p t the gravity anomaly, assuming a known density distribution. More recently,

( 4 )( 5 )

 45 Θ m and Θ f are phase factors depending on the directions of the magnetization and the ambient field (Schouten and McCamy, 1972); |k| = k 2 x + k 2 y is the wavenumber obtained by the spatial frequencies k x and k y ; (6) z t and z b are the top and bottom surfaces; (7) M and ρ are the 2D distribution of magnetization and density confined between z t and z b .
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  ) and, performing the Fourier inverse transformation, we obtain the density or magnetization and the top and bottom surfaces. We show a test made of 256 × 256 data points, in which we used a value β = 3.5 for the top surfaces, β = 4.0 for the bottom surfaces and β = 4.5 for the magnetization or density distribution. These values are in good agreement with experimental informa-A c c e p t e d M a n u s c r i p t tion (Pilkington and Todoeschuck, 1993; Maus and Dimri, 1994; Turcotte,
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 2 Fig.2 Approximately here.
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 3 Fig.3 Approximately here.

  ues of recovered density belong to the area of the Marsili basin. In this region, the density distribution is characterized by a N-S elongation similar to the shape of the basin. This suggests a direct connection between the rheologic feature and the structural setting. The oceanic nature of the Marsili basin is also supported by results of the drilling process(Kastens et al., 1988). Instead, a recent analysis based on magnetic data has suggested a Pleistocene-Present evolution of the Marsili basin as an ultra-fast spreading ridge with a rate of oceanic crust formation around 18-20 cm/y[START_REF] Nicolosi | Ultrafast oceanic spreading of the Marsili Basin, Southern Tyrrhenian Sea: Evidence from magnetic anomaly analysis[END_REF]. The westward portion of this area shows a low density (2.7 g/cm 3 ) which may represent a continental band located among the main abyssal structures. Indeed, in the opposite direction the Marsili basin is confined by a low density area probably connected with the Sicily-Calabrian margin, where volcanic structures from the Aeolian Arc are located. In this area, the westward subduction generates an increase in crustal thickness with related low values for gravity anomalies.In conclusion, the recovered model suggests a distribution of density strongly correlated with the structural setting of the Southern Tyrrhenian basin. The oceanic crustal portion represents the main components of the basin, which is locally characterized by the outcropping of several blocks and bands of a continental nature. These pieces of evidence are probably due to different extensional rates which generated a variation in the crustal stretch. Obviously, our model is based on the assumption of a uniform vertical density of the 11 A c c e p t e d M a n u s c r i p t layer used for the inversion, and this may be a limiting factor. This may also explain why the recovered oceanic crust distribution shows a slightly lower density than the standard of 3.0-3.1 g/cm 3 , since it is vertically averaged with sediments or other lighter rocks. Nevertheless, we suppose that the large-scale density distribution so far recovered may outline the crustal characteristics of the Southern Tyrrhenian Sea in terms of its oceanization.

Fig. 1 .

 1 Fig. 1. Synthetic models for magnetic and gravity inversion. In each column from top to bottom, we show the top surface of the layer, its bottom, the true model and the recovered model from the inversion, from (a) to (d) for magnetic data and from (e) to (h) for gravity data. The data was contaminated by random Gaussian noise and generated by a fractal distribution for topography interfaces and densities. The recovered models are in good agreement with the true models. The units on the horizontal axes are in km.
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 2 Fig. 2. Geologic setting of the Tyrrhenian Sea.

Fig. 3 .

 3 Fig. 3. Tyrrhenian Sea density model. (a) Bathymetry of the Tyrrhenian Sea; (b) Depth of the Moho interface; (c) Isostatic residual anomaly; (d) Density model obtained by inversion of the anomaly in subplot (c). The density values are obtained by adding the value of 2.67 g/cm 3 that was used to perform the Bouguer reduction.The bold lines MB and VB in subplot (d) represent, respectively, the borders of the Marsili and Vavilov Basins, while the westernmost SL fault system is the Selli Line.
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