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Regional magnetic and gravity anomaly correlations of the Southern Tyrrhenian Sea

De Ritis R.}, Ventura G. !, Chiappini M.*, Carluccio R.*, Von Frese R.?

! Istituto Nazionale di Geofisica e Vulcanologia, 00143 Roma, Italy
2 School of Earth Science, Ohio State University, Columbus Ohio 43210, USA

Abstract

The complex magnetic and gravity anomaly fields of the Southern Tyrrhenian Sea provide
a record of the complicated properties and evolution of the underlying crust. Geologic
interpretation of these anomalies is hindered by the effects of anomaly superposition and
source ambiguity inherent to potential field analysis. A common approach to minimizing
interpretational ambiguities is to consider analyses of anomaly correlations. Spectral
correlation filters are used to separate positively and negatively correlated anomaly features
based on the correlation coefficient given by the cosine of the phase difference between
common wavenumber components. This procedure is applied to reduced-to-pole magnetic
and first vertical derivative gravity anomalies for mapping correlative crustal magnetization
and density contrasts. Adding and subtracting the standardized outputs of the filters yield
summed (SLFI) and differenced (DLFI) local favourability indices that respectively highlight
positive and negative feature correlations in the anomaly data sets. Correlative maxima
mainly reflect volcanic structures, and secondarily intrusive bodies and pre-Tortonian
carbonates of the Maghrebian chain and the basement rocks of the Sardinia eastern margin.
Correlative minima mostly mark sediment-filled peri-Tyrrhenian structural basins related to
the Pliocene extensional tectonics, and intra-slope marine depressions related to post-Pliocene
and still active compressional tectonics off northern Sicily. Prominent inverse anomaly
correlations mainly reflect crustal features around the southern margin of the Tyrrhenian Sea
that include higher density, lower magnetization pelagic-to-terrigenous and flysch-type
nappes of the Sicilian-Maghrebian chain, as well as lower density, higher magnetization
sediments filling depressions of the chain, and syn-rift sediments of south eastern Sardinia.

Keywords: magnetism, gravity, modelling, back-arc basin, volcanism, tectonics, Tyrrhenian

Sea
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37 1. Introduction
38
39 As part of the African—European plate boundary, the Southern Tyrrhenian Sea exhibits

40  considerable tectonic complexity (Figure 1). This boundary hosts the Apennines and
41  Maghrebides mountain belts, and the Marsili, Vavilov, and Magnaghi oceanic-like basins, as
42  well as active volcanoes such as intraplate Etna, and the subduction-related Stromboli and
43  Vulcano of the Aeolian Arc (Malinverno and Ryan, 1986; Mascle et al., 1988; Kastens et al.,
44 1988; Serri, 1990; Patacca et al., 1993). The region also features destructive seismic activity
45  that included the massive M = 7.2 Messina earthquake of 1908.

46 The crustal evolution of the Southern Tyrrhenian Sea in the last 10 Ma is dominated by
47  the slow convergence of the African and European plates, fast subduction roll-back below the
48  southern Apennines and Sicily, and sea-floor spreading in the Tyrrhenian Sea (Carminati et
49 al.,, 1998; Faccenna et al., 2003; Speranza et al., 2003). Because of the volcanic and
50 earthquake hazards, considerable efforts have been carried out to characterize the evolution
51  and active geodynamic processes in the Southern Tyrrhenian Sea and surrounding area (e.g.,
52  Faggioni et al., 1995; Cella et al., 1998; Cimini, 1999; Doglioni et al., 1999; Gvirtzman and
53 Nur, 1999; Pepe et al., 2000; Savelli, 2001, 2002; Marani and Trua, 2002; Hollenstein et al.,
54 2003; Rosenbaum and Lister, 2004; Sartori, 2005; Marotta et al., 2007; Montuori et al., 2007;
55  Chiarabba et al., 2008). Several studies have focused on the more regional and deeper features
56  of the Southern Tyrrhenian Sea (e.g., Cella et al., 1998; Marotta et al., 2007; Monturi et al.,
57  2007; Chiarabba et al., 2008), whereas more localized geological investigations have
58  characterized the offshore areas of Northern Sicily (Pepe et al., 2003), the Aeolian islands (De
59  Astisetal., 2003), and the Marsili Basin (Nicolosi et al., 2006).

60 The magnetic and gravity anomalies shown respectively in Figures 2.a and 2.b facilitate
61 integrating the regional and local results from these studies. They also provide key constraints
62  for understanding the geologic features and evolution of the study region because the crust is
63  mostly covered by sea water. However, establishing the geological significance of the
64  potential field observations is difficult due to the considerable spatial complexity of the
65 anomaly patterns. A common approach to reducing this interpretational complexity is to
66 investigate the anomaly correlations (e.g., von Frese et al., 1982; 1997a; 1997D).

67 For the Southern Tyrrhenian Sea, numerous crustal sources of common magnetization and
68  density contrasts may be anticipated. For example, positively correlated anomalies can reflect
69 the effects of sedimentary rocks, mafic intrusions, and volcanic terrain produced in the normal

70  polarity geomagnetic field, whereas negatively correlated anomalies may characterize sources
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71 emplaced in the reversed polarity field. Table 1 generalizes further correlative crustal features
72 of the Southern Tyrrhenian Sea. For the source of both magnetic and gravimetric fields,
73 Poisson’s relation equates the derivative of the gravity effect in the direction of magnetization
74 to the magnetic effect and thus establishes the quantitative basis for identifying correlative
75  magnetic and gravity anomalies (e.g., von Frese et al., 1982; 1997a; 1997b).

76 In this study, we investigate the utility of the anomaly correlations for enhancing our
77  understanding of the crustal features of the Southern Tyrrhenian Sea. In the sections below,
78  we outline the geological context for interpreting the anomalies and describe our anomaly
79  correlation methodology. We also investigate the correlative anomalies for new insights on
80  the crust of the Southern Tyrrhenian Sea in light of the available geological, seismic, and

81  other geophysical information (e.g., Finetti, 2005 and references therein).

82

83

84 2. Geological setting of the Southern Tyrrhenian Sea

85

86 The Tyrrhenian Sea is a back-arc basin related to the subduction of the W-to-NW

87  dipping African lithospheric slab under the Apennines, Calabrian Arc, and Maghrebides

88  orogenic belts (Malinverno and Ryan, 1986; Patacca and Scandone, 1989; Gvirtzman and

89  Nur, 2001; Faccenna et al., 2001). The Northern Tyrrhenian Sea north of 41°N (Figure 1a) is

90 bounded by Corsica, Sardinia, and the Northern Apennines, and underlain by thinned

91  continental crust. The Southern Tyrrhenian Sea south of 41°N is surrounded by the Southern

92  Apennines, Calabrian Arc, and Maghrebides. It includes stretched fragments of the

93  continental crust and the deep (up to 3000 m b.s.l.), relatively young (< 5 Ma) Vavilov and

94  Marsili oceanic basins (Kastens et al., 1988). Back-arc seafloor spreading is evident in these

95  basins, which have Moho depths of about 10 km (Cella et al., 1998). Seismic tomography and

96 earthquake hypocenter depths up to 300 km depict the 70-75° NW-dipping lonian slab below

97  the Calabrian Arc (Spakman et al., 1993; Piromallo and Morelli, 1997; De Astis et al., 2003;

98  Goes et al., 2006).

99 The eastern Sardinia margin exposes Tortonian syn-rift sediments (Bartole, 1995;
100  Sartori et al., 2001) and records the main opening phase of the Southern Tyrrhenian Sea
101  (Sartori et al., 2001). The extensional tectonics moved eastwards with the migration of the
102  thrust front of the Southern Apennines belt. Allochthonous, late Tortonian sediments have
103  also been reported from the rifted margin of northern Sicily (Pepe et al., 2000; Rosenbaum
104  and Lister, 2004).
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105 The southwestern margin of the Southern Tyrrhenian Sea opened along the WSW-
106 ENE striking Drepano-Elimi shear zone. Extension processes culminated with the
107  development of seamounts and seafloor spreading in the Vavilov (5-4 Ma) and Marsili Basins
108  (3-2 Ma) (Kastens et al., 1988). Additional igneous activity included subduction-related calc-
109  alkaline-to-shoshonitic magmatic events, and intraplate alkaline and MORB-type magmatism
110  (Argnani and Savelli, 2001; Savelli, 2002). The oldest volcanics located east of Sardinia date
111 to ca. 13-7 Ma. Progressive magmatism marked by the emplacement of the Aceste (~ 5 Ma)
112 and Anchise (3.5-5.3 Ma) seamounts reflects the E-SE migration of the subduction zone.
113  Intraplate alkaline rocks outcrop on the islands of Quirra (~ 3 Ma) and Ustica (0.75-0.13 Ma),
114  and MORB-like volcanics make up the Marsili Basin floor.

115 The northern offshore evolution of Sicily and Calabria involved episodes of
116  contraction and extension from early Miocene to the present. The areas include the structural
117  Solunto High (e.g., Pepe et al., 2005) and the deep sedimentary peri—Tyrrhenian Paola, Gioia
118 and Cefalu Basins. These basins are bounded by the Maghrebian thrusts to the south, and the
119  Drepano-Elimi thrust zone to the northwest (Sulli, 2000).

120 The Sicily margin is composed of Maghrebian and Calabrian units. The Maghrebian
121 units consist of SE-vergent, tectonic stacks formed by Meso—Cenozoic platform carbonates
122  (Catalano et al., 1985), nappes of Mesozoic—Paleogene basinal carbonates, and pelagic-to-
123  terrigenous (Sicilide) and Miocene flysch-type nappes. The Calabrian units outcrop in
124  northeastern Sicily and Calabria (Giunta et al., 1992). Their western extension offshore has
125 also been documented in the southwestern sector of the Tyrrhenian Basin (Sartori et al.,
126  2001). These units consist of Hercynian basement rocks and thick wedges of Aquitanian—
127  Early Burdigalian deep-sea turbidites (Torelli et al., 1991).

128 In the western sector of the margin, the Calabrian units overthrusted the Maghrebian
129  units along the Drepano-Elimi zone (Figures 1.b, 1.c), forming the arc-shaped Elimi chain
130  (Compagnoni et al., 1989). Upper Neogene-to-recent sediments are concentrated within the
131  peri-Tyrrhenian extensional basins. The basin deposits include evaporitic, hemipelagic,
132  terrigenous, and volcanoclastic sediments (Fabbri et al., 1981; Pepe et al., 2003). Strike-slip
133 faults striking NW-SE separate the intra-slope basins (Nigro and Sulli, 1995; Del Ben and
134 Guarnieri, 2000).

135 The extensional tectonics forming the basins started in Tortonian times (Fabbri et al.,
136  1981; Barone et al., 1982). During the Pliocene, a contractional event formed the intra-slope
137  basins (Catalano et al., 2002; Pepe et al., 2003) and NE-SW thrusts developed. In middle

138  Pliocene times, a new rifting stage began where E-W to NE-SW trending normal faulting
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139  controlled the coastal morphology of northern Sicily. Earthquake focal mechanisms show
140  thrusting along the northern Sicily margin that reflects a N-S compression (Montone et al.,
141 1999) related to the Africa-Europe convergence. To the east of the Tindari-Letojanni fault,
142 which bisects the Aeolian volcanoes, an extensional stress field striking NW-SE is active.
143 Such stress field is related to local mantle upwelling processes occurring above the
144 subducting slab. (De Astis et al., 2003). Aeolian volcanism is due to this extensional strain
145  related to the post-1-0.7 Ma slab rollback beneath the Calabrian Arc (Westaway, 1993;
146 Gvirtzman and Nur, 1999; 2001). The WNW-ESE striking, Drepano-Elimi zone controlled
147  the SE migration of the fore- and back-arc systems and the active subduction front from Early
148  Pliocene to the Pleistocene. Delamination of the Calabrian Arc terminated the early phases of
149  the Aeolian volcanic activity at ca. 1.3 Ma.

150 The tectonically active crust of the Southern Tyrrhenian Sea hosts a complex spectrum
151  of magnetic and gravity anomalies. Geological interpretation of an individual anomaly is
152 hindered by the effect of anomaly superposition and the source ambiguity that is inherent to
153  the analysis of potential fields. Thus, a common approach to minimizing these interpretation
154  limitations is to evaluate the correlation between anomalous magnetic and gravity potential
155  fields (e.g., von Frese et al., 1982; 1997a; 1997b). To facilitate geological assessments of the
156  anomaly correlations, we subdivided the study area into the five sectors shown in Figure 1c,
157  which include: (A) the sediment covered northern Sicily marine sector to the Drepano-Elimi
158  thrust zone, (B) the south western Tyrrhenian Sea sector west of Ustica Island and north of
159  the Drepano-Elimi thrust zone, (C) the Marsili Basin sector, (D) the Aeolian Islands and
160  seamounts, and (E) the Drepano-Elimi thrust zone.

161 In the next section, we describe the digital databases used to assess the magnetic and
162  gravity anomaly correlations in the five sectors of the study area. In subsequent sections, we
163  describe the application of spectral correlation filtering to the magnetic and gravity anomalies
164  of the study area and discuss the geological implications of the extracted anomaly
165  correlations.

166

167 3. The digital databases

168

169 For this study, we assembled a Digital Elevation Model (DEM) from available

170  bathymetric and terrestrial relief observations, and magnetic and gravity anomaly grids. The 3
171 km x 3 km DEM in Figure 1c was extracted from the 5’ x 5> ETOPO5 digital database
172 (National Geophysical Data Cener, NOAA).
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173 The total intensity magnetic anomaly data (Figure 2.a) were obtained from a digital
174  database compiled by the Italian National Institute for Geophysics (formerly the ING; now
175 the INGV) from marine surveys conducted between 1965 and 1972, and terrestrial surveys
176  completed in the 1980°s (Chiappini et al., 2000). These magnetic anomalies were gridded at
177  the interval of 3 km (Chiappini et al., 2000).

178 The free-air gravity anomaly data (Figure 2.b) were derived mostly from the marine
179  satellite altimetry obtained by the GEOSAT and ERS-1 missions supplemented by terrestrial
180  and shipborne gravity observations (Sandwell and Smith, 1997). These data that elaborated a
181  density model showing the distribution of the oceanic crust in the region (Caratori et al.,
182  2008) were also gridded at the interval of 3 km (Sandwell and Smith, 1997). We used free air
183  anomaly since our analysis is conducted above all sources including the crustal terrain and is
184  basically a marine application where the free-air anomaly is commonly used in place of the
185 Bouguer anomaly. Using the free-air rather than the Bouguer anomaly also minimizes
186  corrupting the analysis with errors related to our poor understanding of the densities of the
187  underlying terrain.

188 The DEM and magnetic and gravity anomaly grids provide constraints for
189  understanding the geological properties of the largely submerged crust of the Southern
190  Tyrrhenian Sea. The correlation of potential anomalies in particular is a standard approach to
191  geological and geophysical interpretation because their combined analysis tends to decrease
192  possible alternative interpretations (e.g., von Frese et al., 1982; 1997a; 1997b). The next
193  section describes the spectral approach that was used to quantify correlative anomaly features
194  in the magnetic and gravity data of the Southern Tyrrhenian Sea.

195

196 4. Correlation analysis

197

198 Graphical in combination with spectral techniques were implemented to quantify

199  correlations between the geopotential field anomalies (von Frese et al., 1997a; 1997b). The
200 anomalies were first co-registered at common grid coordinates and then transformed into
201  components that accord with the Poisson relation (e.g., von Frese et al., 1997b)

202

203 AT(r) = [Am/(GAo)] [dAg/dr] (1)

204

205  where AT(r) is the total intensity anomaly reduced to-the-pole (RTP), Am and Ao are the

206  respective contrasts of the induced magnetization and density of the source, G is the universal

Page 6 of 34



207  gravitational constant, and dAg/dr is the first vertical or radial (r) derivative of the gravity
208 anomaly (Ag). In particular, the RTP-anomalies AT(r) were computed for the mean IGRF
209 inclination (44°N) and declination (2°E) of the study area. Both AT(r) and dAg/dr estimates
210  were evaluated at 3 km above sea level over common grid coordinates using standard spectral
211  filters (e.g., Blakely, 1996). In addition, we remark that our topic is to find correlations
212  between the magnetic and gravity fields. According to equation 1, when a correlation between
213 the RTP and the First Vertical Derivative (FVD) gravity is found, then such correlation is
214  related to the same source. Therefore, no assumptions are needed for density and
215  magnetization values of the source.

216 The crustal geology is subjacent to the 3-km altitude anomaly grids of the correlation
217  analysis. Thus, the anomaly correlations can reflect correlative magnetization and density
218  contrasts from bathymetric and topographic relief, as well as the contrasts within this relief
219  and deeper regions of the crust. The inductive components in the RTP magnetic anomalies
220  are completely in phase with any related F\VVD gravity anomalies. However, the superposed
221  effects of the poorly understood remanent crustal magnetizations within the study region
222  clearly can complicate these anomaly correlations. Thus, this study also offers a significant
223  opportunity to assess the utility of the Tyrrhenian Sea anomaly correlations for interpreting
224 the underwater terrain and deeper crustal components in magnetic anomalies with multiple
225  sources of magnetization.

226 Every remanently magnetized crustal source also produces inductive components in
227  the geomagnetic field. Thus, the RTP transformation always enhances crustal magnetic
228 anomaly correlations with gravity anomalies because the magnetic anomaly is the
229  superposition of induced and remanent effects. To help illustrate the possible interpretational
230 advantages of these anomaly correlations, we modeled the complex geopotential field effects
231  of a part of the study region that includes Ustica Island and the nearby seamounts as shown in
232  Figure 3. The magnetic anomalies of these features are complicated by the presence of
233 volcanics with reversed magnetization.

234 The shaded relief image in Figure 3a gives the adopted crustal thicknesses down to -2
235  km below sea level that were modeled over the study’s observation grid for the total field and
236  RTP magnetic effects in Figures 3b and 3c, respectively. The modeled magnetization
237  parameters involved the uniform induced intensity of 2.8 A/m, and 54°N inclination and 2°E
238  declination for the total field effects and 90° inclination for the RTP effects. Relative to the
239  total field effects, the RTP effects are shifted northwards and centered over the crustal
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240  sources. These effects can be seen in reference to the -1.3 km bathymetric contour that is
241  colored red in Figure 3a and white in the anomaly maps (Figs. 3b-g).

242 The southward shift of the total field effects minimizes their spatial correlation with
243  the gravity effects that are centered over the crustal sources as shown in Figure 3d.
244 Accordingly, the gravity effects, which were modeled using the uniform density of 3.000
245  kg/m®, have the correlation coefficient (CC) of only 0.58 with the total field magnetic effects.
246  However, the FVD gravity effects (Figure 3e) are correlated at CC = 0.99 with the RTP
247  magnetic effects (Figure 3c) because they both have essentially identical phase properties
248  within computational round-off error.

249 Extensive volcanic rocks in the study area suggest remanent magnetization effects are
250  also possible that may degrade these anomaly correlations. For example, the Ustica volcanic
251 edifice is in a sedimentary basin containing Kabilian and Apennine Units with ages in the
252  range 0.73-0.13 Ma (Savelli, 2001), and thus magnetized during both normal and reversed
253  polarity chrons. To simulate the remanent condition, we included the magnetization effects of
254  an extended tabular body centered on the eastern Ustica volcano (38.32°N, 13.40°E). The top
255  of the 5 km x 7 km body was taken at -2.700 m and dipped 30°E to the depth of -4.200 m.
256  The effects of this body were computed for the inductive intensity of 0.70 A/m at 54°N
257 inclination and 2°E declination, and the remanent intensity of 1.6 A/m (e.g., Blanco-
258  Montenegro et al., 2006) at -54°S inclination and -2°W declination.

259 When integrated with the terrain’s induced magnetic effects (Figure 3b), the
260  correlation of the resulting total field effects in Figure 3f with the terrain’s gravity effects
261  (Figure 3d) is significantly degraded to CC = 0.37. However, the correlation is greatly
262  improved to CC = 0.70 for the FVD gravity effects (Figure 3e) and the related RTP effects in
263  Figure 3g that were computed assuming all the induced components at vertical inclination.
264  These results illustrate the possible benefits from the RTP magnetic and FVD gravity
265  transformations for resolving common sources of magnetization and density contrasts, even
266  where complicated by remanent magnetic effects. However, the existence of correlated
267  anomalies clearly cannot guarantee a common source because of the non-uniqueness of
268  potential field analysis.

269 Returning to the South Tyrrhenian Sea study area, Figures 2a and 2b were
270  transformed into the normalized RTP magnetic and FVD free-air gravity anomalies given in
271  Figures 4a and 4b, respectively. The transformed anomalies were normalized to enhance the
272  graphical perception of correlative anomaly features (e.g., von Frese et al., 1997a).

273  Specifically, each transformed anomaly value was standardized by removing the mean and
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274  dividing by the standard deviation of the relevant transformed dataset. Both standardized
275 datasets are now dimensionless with a zero mean, and unit standard deviation that we
276  increased to 10 by multiplying 10 against each standardized value. Thus, the normalized
277 anomalies are dimensionless and have the same standard deviation (= 10) so that common
278  graphical parameters can be applied to both datasets (e.g., von Frese et al., 1997a). To recover
279  the non-normalized, original correlation-filtered anomaly value, we simply multiply the
280  normalization factor (NF) listed for the map against the normalized value in the map. Here,
281  the normalization factor is just the respective standard deviation of the original transformed
282  dataset divided by 10.

283 The induced total field magnetic anomaly components (Figure 2a) are displaced
284  southwards of their crustal sources due to the low northward inclination of the inducing
285  geomagnetic field, whereas these components in the RTP magnetic anomalies (Figure 4a) are
286  centered over their crustal sources. Thus, by Poisson’s relation, the crustal source with both
287  density and induced magnetization contrasts exhibits spatially correlated RTP magnetic and
288 FVD gravity anomalies (e.g., von Frese et al., 1997a; 1997b). However, the datasets in
289  Figures 4a and 4b have a marginal CC = 0.068 that is taken commonly to indicate the lack of
290  correlative anomaly features.

291 The interfering effects of superposed magnetic remanence and/or sources with only a
292  single physical property contrast can account for this marginal CC, but numerous examples of
293  correlated anomalies seem visually apparent in Figures 4a and 4b. In general, the
294  interpretation of any CC with absolute magnitude less than unity is not unique, and thus other
295 interesting possibilities may be applicable (e.g., von Frese et al., 1997a). For example, the
296  near-zero correlation coefficient is also consistent with essentially equal numbers of
297  positively and negatively correlated anomaly features. Thus, to interpret the anomaly
298  correlations more effectively, we developed wavenumber correlation filters to separate the
299  positively and negatively correlated anomaly features in the geopotential field data (von Frese
300 etal, 1997a; 1997b).

301 Specifically, we evaluated the correlation spectrum between Figures 4a and 4b given
302 by CC(k) = cos(Abk), where Ay is the phase difference in the k-th wavenumber RTP
303  magnetic and FVD gravity components. To extract the positively correlated anomaly features,
304  all wavenumber components for which CC(k) > 0 were inversely transformed. The correlation
305 filtered outputs correlated at CC = 0.554 and passed roughly 50% of input anomaly energies.
306  The noise (N)-to-signal (S) ratio given by (N/S) = [(1/|CC|) — 1] (e.g., von Frese et al.,
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10

307  1997a) suggests the noise reduction of some 76% in the positively correlated output anomaly
308  features relative to the noise in the unfiltered input anomalies.

309 To enhance the perception of the stronger positive feature correlations, we
310 standardized the correlation filtered outputs and added them together to obtain the summed
311 local favorability indices (SLFI) in Figure 5 (e.g., von Frese et al., 1997a). Specifically,
312  Figure 5a gives the SLFI > +10 to highlight the stronger anomaly peak-to-peak associations,
313  whereas Figure 5b shows the SLFI < -10 to emphasize the stronger valley-to-valley anomaly
314  correlations.

315 To extract the negatively correlated anomaly features, we inversely transformed all the
316  wavenumber components for which CC(k) < -0.1. The correlation filtered outputs correlated
317 at CC = -0.465 and passed roughly 45% of the input anomaly energies. The enhanced
318  negative correlation coefficient suggests the noise reduction of about 70% in the correlation
319  filtered anomalies relative to the unfiltered anomaly noise.

320 To map out the more prominent negative feature correlations, we standardized the
321  correlation filtered outputs and subtracted them for the differenced local favorability indices
322 (DLFI) in Figure 6. The DLFI > +10 emphasize the stronger RTP magnetic maximum
323  (peak)-to-FVD gravity minimum (valley) anomaly correlations, whereas the DLFI < -10 give
324 the stronger RTP magnetic valley-to-FVD gravity peak anomaly associations.

325 For completeness, we also investigated the correlation spectrum for non-correlative
326  anomaly features. However, the anomaly amplitudes for the wavenumber components with (-
327 0.3 <CC(k) <0.3) were found to be very marginal and within the noise levels of the anomaly
328  data sets. Thus, we did not consider these relatively minor non-correlative anomaly features
329  further.

330 Instead, we focused on Figures 5 and 6 that summarize the distribution of the stronger
331  positive and negative anomaly correlations in terms of apparent crustal magnetization and
332  density contrasts of the Southern Tyrrhenian Sea. The lateral outlines of these apparent
333  contrasts were determined from the zero second vertical derivatives of the correlation filtered
334  anomalies that give first order edges of the sources in the subsurface (e.g., Blakely, 1996). In

335  the next sections, we consider the geological implications for the anomaly correlations.

336

337 5. Discussion

338

339 Figures 5 and 6 map only the horizontal dimensions of apparent physical property

340  contrasts presumed for mostly subsurface petrological, structural, and thermal variations.

341  However, the dissimilarity in causative characteristics and range of depth of origin
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11

342  complicates assessing the geological significance of the anomaly correlations. The effects of
343  remanence, in particular, are poorly understood for most of the study area that is underwater.
344  Limited paleomagnetic constraints have been measured, however, for the Aeolian
345  Archiepelago and surrounding onshore areas that show magnetite as the dominant magnetic
346  carrier (Speranza et al., 2003; 2006; 2008; Zanella and Lanza, 1994; Zanella et al., 1999;
347  2001; 2004).

348 In general, these features as well as the seamounts and other remanently magnetized
349  crustal sources are well-centered within their apparent RTP anomalies. Thus, the anomaly
350 correlations at the scale of this analysis may greatly help to minimize interpretational
351 limitations, although they cannot be uniquely related to common sources in the subsurface
352  due to the fundamental source ambiguity of anomaly analysis. However, when combined with
353 ancillary geological and geophysical data, they provide inter-related evidence to better
354  understand the crustal properties and evolution of the Southern Tyrrhenian Sea.

355 In the next subsections, we review the apparent anomaly correlations and possible
356  geological implications for the five sectors of the study area shown in Figure 1c. An

357  overview of the results discussed below is given in Table 2.

358

359  A) Northern Sicily Marine Sector

360

361 The sediment covered offshore region north of Sicily to the Drepano-Elimi thrust zone

362 is dominated mostly by correlated negative contrasts in crustal density and magnetization that
363 include SLFI features Al, A2, A3, and A4 in Figure 5b. In addition, prominent inversely
364  correlated positive density and negative magnetization contrasts mark the northern coastline
365  of Sicily in the DLFI features A5 and A6 of Figure 6.

366 Feature Al (Figure 5b) characterizes the Cefalu basin from the northern coastline of
367  Sicily to the Aeolain and Ustica volcanics with negative density and magnetization contrasts.
368  This structural depression developed from Tortonian times with various phases of
369  compression, extension and subsidence. The E-W trending graben-like Cefalu basin includes
370 athick (~3000 m) sedimentary sequence. The long wavelength magnetic anomaly is mostly
371  E-W oriented with minima located close to the NNW-SSE striking Tindari-Letojanni fault
372  system and the Alicudi and Filicudi islands. The related gravity gradient effectively depicts
373  the local structural trends, where the eastern component closely parallels the Tindari-

374 Letojanni fault system and overlying Salina-Lipari-Vulcano volcanic complex (Ventura et al.,
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375 1999). In general, feature Al resolves correlated negative anomalies that are consistent with
376  the effects of lower density and magnetization sediments filling the Cefalu basin.

377 Further westwards, feature A2 implies negative physical property contrasts for the E-
378 W elongated Ustica basin and its convergence into the NE-SW striking S. Vito Canyon.
379  Feature A2 lies south of the Ustica Island and Mt. Anchise seamount where the gravity
380 gradients closely mimic the pattern of these physiographic units. The Ustica basin is filled by
381 a lower density sedimentary sequence relative to the denser volcanic rocks and Maghrebian
382 units on the north. The overlapping effects of several possible sources increase the complexity
383  of the magnetic anomaly field. Specifically, the negative magnetization and density contrasts
384  of feature A2 are consistent with the effects of essentially lower density, non-magnetic
385 sediments filling the Ustica basin, the demagnetized southern tip of the Ustica volcano, the
386  marginally magnetized Maghrebian stacks, and the strongly magnetized Anchise and Ustica
387  edifices to the north. The A2 magnetic and gravity anomalies also follow the terrain relief of
388  the Ustica basin and thus probably reflect terrain effects.

389 Further north, feature A3 defines a roughly NW-SE elongated region of negative
390 physical property contrasts that overlaps the basin on the northeastern slope of Ustica Island.
391  This intraslope basin includes lateral ramps and hanging walls of the main, possibly active,
392  NE-SW thrusts of the northern Sicily continental margin (Sulli, 2000). To the west, feature
393 A4 overlaps a seismically determined small extensional sedimentary basin located north of
394  the Ustica and Anchise ridge (Finetti, 2005). The negative physical property contrasts for both
395  features A3 and A4 reflect the differences between the lower density and magnetization of the
396  sedimentary deposits relative to surrounding higher density and magnetization volcanites.

397 Features A5 and A6 (Figure 6) define positive density and negative magnetization
398  contrasts appear to be related respectively to the uplifted, roughly E-W elongated Maghrebian
399  structural units of the northern Sicily coastline, and the NW-SE trending tectonic boundary
400 between Maghrebian units on the west and the Peloritani mountains on the east. Here, the
401  positive density contrast reflects the local thickening of the Maghrebian structural units, and
402  the negative magnetic signature is consistent with the low-to-null magnetized quartzarenites
403  and shales of the flysch nappes overlying carbonate units. The A6 gravimetric anomaly is also
404  consistent with the terrain effect of a NW-SE bathymetric feature that extents offshore a few
405  kilometers from the northern Sicily coastline along the strike of the nearby Tindari Letojanni
406  fault system.

407

408
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409  B) South Western Tyrrhenian Sea Sector

410

411 This sector includes prominent direct correlations of positive physical property
412  contrasts expressed by SLFI features B1, B2, B3, B4, and B5 in Figure 5a. In addition, the
413 DLFIs in Figure 6 highlight extensive inverse correlations of negative density and positive
414  magnetization contrasts in feature B6, and positive density and negative magnetization
415  contrasts in feature B7.

416 Feature B1 is west of the Marsili basin and clearly N-S elongated, but not affiliated
417  with known seamounts in this sector of the Tyrrhenian Sea. Accordingly, feature B1 may
418  represent an intrusion that lacks topographic expression (Marani and Gamberi, 2004).

419 Features B2 and B3 involve correlated magnetic and gravity signatures overlying wide
420  elongated topographic ridges (Pepe et al., 2000). Feature B2 marks the almost ENE-WSW
421  oriented Caesar Seamount, whereas feature B3 is centered on a WNW-ESE trending
422  topographic ridge. In general, these features are consistent with occurrences of higher density
423  and magnetization volcanics (Sartori, 2005) or shallow crystalline intrusions (Pepe et al.,
424 2000) within sediments filling structural depressions. The gravimetric signatures of these
425  features closely follow the bathymetric relief and thus may reflect significant terrain effects.
426 Feature B4 lies on the weak bathymetric expression of the Virgilius volcanic body in
427  continental crust of the western Cornaglia Terrace, which represents the rifted margin of
428  eastern Sardinia (Finetti 2005; Sartori 2005). The M-28B seismic section (Finetti and Del
429  Ben, 2005) shows very thin Plio-Quaternary sedimentary cover and the presence of an
430  uplifted, shallow body that can account for the positive magnetic anomaly. Thus, feature B4
431  probably reflects the higher density and magnetization effects of a sill-like intrusion of the
432  sedimentary cover, and the terrain relief.

433 The N-S elongated B5 feature located between the western Sardinia continental slope
434  and the Cornaglia Terrace overlies the Mt. Quirra alkaline seamount that formed at ca. 3 Ma
435  (Sartori, 2005). The seismic profile M-28B crossing the Sardinia margin a few kilometers
436  north of Mt. Quirra (Finetti, 2005) reveals that the continental slope is strongly affected by
437  listric N-S striking faults and structural depressions filled by thick sediments. Mt. Quirra lies
438 along a curved regional master fault where mafic magmas upwelled. The N-S orientation and
439  positive polarities of the magnetic and gravity anomalies are consistent with the effects higher
440  density and magnetization Mt. Quirra volcanics within surrounding continental and marine

441  sediments.
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442 The DLFI features B6 and B7 (Figure 6) overlie eastern Sardinia structural units and
443  Sicilian-Maghrebian units, respectively. The boundary between these features marks the
444  external front of the Maghrebian chain. Feature B6 probably reflects lower density, higher
445  magnetization intrusions within the syn-rift Tortonian sediments in southeastern Sardinia,
446  whereas feature B7 is consistent with the higher density, lower magnetization effects of
447  Meso—Cenozoic stacks of platform carbonates and Mesozoic—Paleogene nappes of basinal
448  carbonates (Catalano et al., 1985).

449

450  C) Marsili Basin Sector

451

452 This sector exhibits predominantly SLFI features that include the extended positive

453  physical property contrasts marked by feature C1 (Figure 5a), and negative contrasts mapped
454  in features C2 and C3 (Figure 5b). Feature C1 overlies the NNE-SSW elongated Marsili
455  seamount that formed at ca. 0.2-0.1 Ma. The magnetic and gravity gradient anomalies closely
456  follow the seamount that is composed of tholeiitic-to-calc-alkaline basalts (Marani and Trua,
457  2000). The positive density contrast probably reflects the relief of the Marsili volcano as well
458  as the higher density Marsili volcanics relative to the lower density, 600-m sedimentary cover
459  of the basin (Kastens et al., 1988). The corresponding positive magnetic signature, however,
460 s consistent with the magnetization contrast due primarily to the relief of the volcanic edifice
461  that was produced in the Brunhes normal chron (Savelli and Schreider, 1991). Therefore, both
462 the magnetic and gravimetric anomaly fields the C1 feature probably involve significant
463  topographic contributions from the huge Marsili volcano.

464 Features C2 and C3 characterize extensive regions flanking the Marsili volcano with
465  negative physical property contrasts. These regions involve sediment covered oceanic-like
466  crust with magnetic striping that was strongly affected by extensional tectonics which
467  produced the ultra-fast opening of the Marsili basin (Marani and Trua, 2002).

468 The C2 feature includes a wide area southeast of the Marsili edifice that also overlaps
469  the Stromboli canyon between the Calabria coastline and the Panarea and Stromboli islands
470 (see Fig. 1c). The gravimetric signature is consistent with the negative density contrast
471  between the lower density sedimentary cover of the Marsili basin and Stromboli canyon and
472  the surrounding higher density volcanic seamounts and Aeolian Islands. The corresponding
473  negative magnetization contrast from these units is enhanced by the presence of reversely
474  magnetized seafloor strips next to the Marsili edifice (Nicolosi et al., 2006, Savelli and
475  Schreider, 1990).
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476 Feature C3 involves comparable sources for the negative density and magnetization
477  contrasts. Moreover the Marsili basin is a pelagic depression completely surrounded by high
478  standing bathymetry. These high topographic gradients may account for the apparent terrain

479  components in the C1 and C2 gravimetric features.

480

481 D) Aeolian Islands Sector

482

483 This sector includes extensive regions of correlated positive physical property

484  contrasts that are highlighted in Figure 5a by SLFI features D1, D2, D3, D4, and D5. The
485  sector also hosts prominent inverse anomaly correlations that include features D6 and D7 in
486  Figure 6.

487 Feature D1 marks the active Aeolian volcanoes of Lipari, Vulcano, Panarea and
488  Stromboli islands, feature D2 the inactive Alicudi and Filicudi island volcanoes, and feature
489 D3 the submerged western Aeolian volcanoes between the Glauco and Eolo seamounts. The
490 lack of lateral continuity in these three features suggests that the Aeolian volcanic blanket,
491  which was emplaced mainly during the Brunhes normal chron, is not continuous and it is
492 interrupted by zones where Plio-Quaternary sediments may occur. The positive magnetization
493 and density contrasts between the volcanic blankets and the surrounding Plio-Quaternary
494  basins (e.g., turbidites) can account for these features. Below this sedimentary cover, mostly
495  non-magnetic and low density pre-to-syn-rift phases of acoustic basement occur (Barberi et
496  al., 1994, Pepe et al., 2000). The gravimetric and magnetic anomalies are mostly caused by
497  deeper sources related to the volcanic root systems, in addition to the topographic components
498  due to the steep volcanic edifices.

499 Feature D4 near the Calabria coastline overlaps crystalline terrains of the Calabrian
500  Arc. Highly magnetized intrusions of the Calabrian Arc or submerged volcanic bodies may
501  account for this feature, but the available data cannot distinguish between the two hypotheses.
502  Feature D4 is consistent with positive physical property contrasts of volcanic/intrusive bodies
503 relative to the surrounding sedimentary basin sequences such as in the deep Paola and Gioia
504  Basins.

505 The E-W elongated feature D5 overlaps the calc-alkaline Palinuro seamount that was
506 emplaced at ca. 0.8-0.3 Ma during the Brunhes normal chron. It consists of E-W aligned vents
507  and represents the northern boundary of the Marsili basin. These volcanic structures lie on the
508  western tip of the E-W striking Palinuro fault, which to the north delimits the active, roll
509 backing slab below the Calabrian Arc (Chiarabba et al., 2008). Feature D5 highlights the
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510  positive physical property contrasts due to the higher magnetization and density Palinuro
511  volcanics relative to the surrounding sediments. The apparent negative magnetization contrast
512  of the sediments is enhanced by the underlying reversely magnetized strips of the Marsili
513  oceanic basin. The Palinuro D5 gravimetric and magnetic anomalies appear to result from the
514  combined effects of the volcanic roots and terrain components like was suggested for the D2
515 and D3 features.

516 The inversely correlated features D6 and D7 are located along the western margin of
517  the Paola basin. The geologic interpretation of feature D6 is enigmatic because it marks a
518 relatively higher magnetization, lower density region that includes outcropping acoustic
519 basement of the Tyrrhenian Sea. However, feature D7 is consistent with the higher density,
520  lower magnetization effects noted previously for features A5 and A6 along the northern coast
521  of Sicily. A seismic line crossing the Paola basin (Finetti and Del Ben, 2005) suggests that the
522  NNW-SSE elongated feature D7 overlaps the western structural boundary of the Paola basin
523  which is tectonically controlled by NNW-SSE faulting (Fabbri et al., 1981). This boundary
524 consists of a local, fault controlled, uplifted block of the crystalline rocks of the Calabrian Arc
525  covered by a thin sequence of sediments. Thus, the shallower depth of the higher density,
526  low-magnetization crystalline Calabrian-Peloritan basement rocks may account for the
527  correlative positive gravity and negative magnetic anomaly signatures.

528

529  E) Drepano-Elimi Sector

530

531 This sector includes directly correlated SLFI features E1, E2, and E3 in Figure 5a that

532 mark prominent regions of positive physical property contrasts. In addition, Figure 6 reveals
533 inversely correlated DLFI features E5, E7, E9, and E11 that highlight areas of negative
534  density and positive magnetization contrasts, whereas the features E6, E8, and E10 reflect
535  extensive regions of positive density and negative magnetization contrasts.

536 Features E1 and E2 lie on the 200 km, WSW-ENE elongated ridge that is the
537  topographic expression of the Drepano-Elimi shear-thrust zone. Feature E1 includes Ustica
538 Island, which formed between 0.73 and 0.13 Ma, and the Elimi chain and Anchise volcanic
539  seamount that formed at ca. 5.3-3.5 Ma. Feature E2 is associated with the Aceste seamount
540 that formed at ca. 5 Ma and two other seamounts of unknown ages. The gravimetric
541  signatures for both features are consistent with the terrain effects of more dense volcanic
542  seamounts relative to the surrounding, lower density seawater and sediments, as well as the

543  topographically depressed Maghrebian tectonic stacks.
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544 The magnetic maxima of feature E1 enclose the northern sectors of the Anchise and
545  Ustica volcanoes, whereas the minima (e.g., feature A2 in Figure 5b) are concentrated in the
546  southern sectors. For the Anchise seamount, which formed in a wide time span that involved
547  the Gilbert and Gauss normal chrons, the minima overlie two small cones located on the
548 northern flank of the main edifice. Therefore, the positive magnetic signature probably
549  reflects the development of the northern Anchise sector during a normal chron. For the Ustica
550 volcanic complex, the magnetic signature is subdivided into intense minima on the
551  southeastern side and maxima on the northern half (Figure 4a). In the absence of evidence of
552  widespread thermal demagnetization, we posit that the southeastern side may have been
553  emplaced during a reversed polarity chron before the Matuyama chron when the outcropping
554  subaerial basalts were extruded (Savelli, 2001, 2002 and references therein).

555 Feature E2 is related to a regional magnetic maximum located a few kilometers north
556  of the Mt. Aceste seamount. The seamount was emplaced during the Brunhes C3n-3 normal
557  chron (Marani and Gamberi, 2004) and its northern flank is affected by an amphitheater-like
558  depression possibly reflecting a sector collapse of the northern flank of the Aceste edifice.
559  Accordingly, the positive magnetic anomaly may involve the effects of the seamount’s
560 plumbing system denudated by the collapse of the northern flank. This interpretation is
561 analogous to explanation for the magnetic anomalies observed on the flank collapses at the El
562  Hierro volcano of the Canary Islands (Blanco-Montenegro et al., 2008). The positive
563  correlation of magnetic and gravity maxima of the Aceste seamount is consistent with higher
564  magnetization and density alkaline volcanics displacing the surrounding Maghrebian units.
565 Feature E3 at the northwestern corner of Sicily includes the Cofano Gulf and part of
566 the Sicily continental margin. Here, the carbonatic units of the Maghrebian chain outcrop in a
567  sequence of uplifted stacks and structural basins that are bounded on the north by the
568  Drepano-Elimi thrust-shear zone. The gravimetric and magnetic signatures overlap the
569  uplifted NNW-SSE trending stacks. The anomaly correlation is consistent with the positive
570  density contrast that the higher density pre-Tortonian carbonates exhibit relative to the less
571  dense terrigenous sediments filling the structural depressions. The positive magnetization
572  contrast of the E3 feature may reflect the occurrences of higher magnetization pre-Tortonian
573  carbonates in effectively non-magnetic basin sediments of the southern Tyrrhenian Sea.
574  However, this hypothesis is very equivocal because paleomagnetic data on these rocks are
575  lacking.

576 The roughly E-W elongated, lower magnetization, higher density feature E4 located

577  west of the Anchise Seamount (Figure 6) overlaps uplifted acoustic basement (Finetti, 2005)
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578 that consists of essentially non-magnetic rocks (Barberi et al., 1994, Pepe et al., 2000). This
579  feature together with the E-W elongated Ustica Island and Anchise ridge marks the southern
580  margin of the Tyrrhenian Sea basin.

581 The NW-SE striking, sub-parallel features E5, E6, E7, E8, E9 and E10 describe an
582  alternating sequence of inverse anomaly correlations off the western margin of Sicily. In all
583  these cases, terrain effect components may be considered. The lower density features E5, E7,
584 and E9 and E11 overlap sediment filled, NNW-SSE elongated basins of the Maghrebian
585 chain, whereas the higher density features E6, E8, and E10 mark the intervening structural
586  highs of the chain. Features E7 and E11 are characterized by pronounced positive magnetic
587  anomalies, whereas features E5 and E9 involve more marginal magnetic maxima. Features
588 EG6, E8 and E10 reflect the physical property contrasts between the higher density and weakly
589  magnetized flysch units of the Maghrebian structural highs and the lower density and
590  magnetization sediments of the intra-chain basins. These basin sediments are especially well
591 marked by features E5 and E9, but the magnetic properties of the sediments are still poorly
592  known.

593 Features E7 and E11 mark correlated negative gravity and positive magnetic
594  anomalies that overlap topographic depressions. Hence, these features may reflect sub-
595  volcanic bodies within structural lows. Indeed, the positive magnetic anomaly of feature E11
596  may reflect the subsurface plumbing of the Aceste volcanic system such as was previously
597  ascribed to feature E2.

598

599 6. Summary and Conclusions

600

601 The complex magnetic and gravity anomaly patterns of the South Tyrrhenian Sea

602  show numerous feature correlations to help constrain geological analysis and modelling of the
603  magnetization and density properties of the crust. Wavenumber correlation filtering of the
604 RTP magnetic and FVD free-air gravity anomalies established insights on the region’s
605  correlative magnetic and gravimetric geology. The approach used notch filters based on the
606  correlation spectrum between the two data sets as determined by the cosine of the phase
607  difference between the common wavenumber components. The spectral correlation filters in
608 this study separated positively from negatively correlated anomaly features.

609 Figures 5a and 5b give the summed normalized filter outputs where positively
610  correlated anomaly features were extracted to highlight crustal regions of correlative positive

611 and negative magnetization and density contrasts, respectively. Figure 6, on the other hand,
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612 shows the differenced normalized filtered outputs where negatively correlated anomaly
613  features were estimated that identify crustal regions with correlative inverse magnetization
614  and density contrasts. As summarized in Tables 1 and 2, upper crustal sources can be related
615  to most of the anomaly correlations of the Southern Tyrrhenian Sea.

616 The positive anomaly correlations are mainly due to volcanic structures and
617  secondarily to intrusive bodies and pre-Tortonian units such as the carbonates of the
618 Maghrebian chain and the basement rocks of the Sardinian eastern margin. The volcanites,
619  which mainly consist of poorly evolved products emplaced in the last ~5 Ma over several
620  magnetic polarity chrons, have calc-alkaline, shoshonitic, alkaline and MORB-type affinities.
621  However, the majority of the Southern Tyrrhenian volcanics were emplaced in the last 1 Ma
622  during the Brunhes normal Chron. Therefore, these volcanic rocks represent the main source
623 of the correlative positive magnetic and gravity anomalies. The correlative negative
624  anomalies, on the other hand, principally reflect the presence of sediments filling the peri-
625  Tyrrhenian structural basins due to Pliocene extensional tectonics, and the intra-slope
626  depressions related to the post-Pliocene and still-active compression tectonics of the northern
627  Sicily.

628 Prominent inverse anomaly correlations mainly reflect crustal features around the
629  southern margin of the Tyrrhenian Sea. These features include the pelagic-to-terrigenous and
630  flysch-type nappes of the Sicilian-Maghrebian chain, the sediments filling depressions of the
631  chain, the syn-rift sediments of southeastern Sardinia, and the sediment-filled basins.

632 The correlation analysis suggests that crustal tectonics strongly influenced the
633  magnetic and gravimetric anomaly fields (Figures 3 and 4) with the anomalies lying mainly
634  onor in close proximity of the main faults and structural units (e.g., the Drepano-Elimi thrust-
635  shear zone, the Tindari-Letojanni fault system, the Marsili oceanic ridge, the faults bounding
636  the main sedimentary basins). The SLFI features highlight this correspondence because most
637  of the volcanic activity developed along these structural discontinuities.

638 The magnetic anomaly field (Figure 4a) is mainly characterized by widespread long
639  wavelength negative anomalies concentrated in the central and eastern sectors of the Southern
640 Tyrrhenian Sea. The western and southern sectors feature long wavelength positive
641 anomalies. Medium-to-short wavelength positive anomalies mark the seamounts, bathymetric
642 ridges and the Aeolian volcanics. The regional negative pattern corresponds to lithotypes
643  characterized by low-to-null magnetization pre-Tortonian continental basement rock around
644  the Vavilov and Marsili Basins, and reversely magnetized oceanic crust such as in the Marsili
645  Basin (Nicolosi et al., 2006, Savelli and Schreider, 1990).
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646 The gravimetric anomaly field (Figures 3b and 4b) exhibits a complex pattern of
647  widespread wavelengths and intensities. Prominent gravity anomalies mainly reflect
648  occurrences of tectonized stacks of uplifted crustal rocks, E-W elongated structural
649  depressions filled by thick sedimentary sequences, and volcanic islands and seamounts. These
650 anomalies are principally due to the terrain effects, as well as the density contrasts with the
651  surrounding lithotypes. Both positive and negative gravity anomalies cluster along the main
652  regional tectonic structures, especially in the western and northwestern offshore regions of
653  Sicily where thrusts and normal faults occur and follow E-W, WSW-ENE and NW-SE strike
654  trends.

655 In summary, the wavenumber correlation analysis facilitates the geologic
656 interpretation of the large and complex data sets represented by the geopotential anomaly field
657  observations of the Southern Tyrrhenian Sea. The results provide the basis for expanding our
658 insight on the general lithologies and tectonic evolution of the crust where outcrop data are
659 largely lacking. They also enhance our regional perspective of the petrological, structural, and
660  thermal properties of the Southern Tyrrhenian Sea. However, care must be taken in their use
661  because these results are not unique and subject to errors in the data and assumptions by
662  which they were obtained.

663
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878

879  Figures captions
880

881 Figurel

882  (a) Geodynamic setting of Italy and Southern Tyrrhenian Sea (modified from De Astis et al.,
883  2003). (b) Structural sketch map of the Southern Tyrrhenian Sea (data from Savelli, 2001,
884  Sartori, 2001; Rosenbaum and Liste, 2004; Pepe et al., 2005). Dotted lines give the depth (in
885  km) of the earthquakes in the Southern Tyrrhenian Sea. (c) Shaded relief map of the Southern
886  Tyrrhenian Sea. The main faults, volcanoes and seamounts (triangles) are from Savelli
887  (2001), Sartori (2001), and De Astis et al. (2003). The geographic names of the localities
888  reported in the text are also shown. The sectors considered by this study include: (A) the
889  northern Sicily and southern Calabria domain, (B) the southwestern Tyrrhenian Sea sector
890 including the Sardinia margin, (C) the Marsili Basin sector, (D) the Aeolian Islands and
891  seamounts, and (E) the Drepano-Elimi thrust zone and eastern Sardinia margin.

892

893  Figure 2

894  (a) Total field magnetic anomalies of the Southern Tyrrhenian Sea and Northern Sicily
895 upward continued to 3 km above sea level. (b) Free-air gravity anomalies of the Southern
896  Tyrrhenian Sea and Northern Sicily at 3 km altitude. Statistics listed for these and subsequent
897 maps include the amplitude range (AR) of (min, max)-values, amplitude mean (AM),
898 amplitude standard deviation (ASD), amplitude units (AU), grid interval (Gl), and map
899 altitude (Z). The alphanumeric labels on the prominent data features are given in Table 2.
900

901 Figure 3

902 Modeled gravity and magnetic effects of a seamount. (a) Crustal thickness model of the
903 seamount with bottom at -2000 m below sea level and located a few kilometers north of the
904  northern coast of Sicily. (b) Induced total magnetic field effects of the seamount modeled
905  with induction intensity J1 = 2.8 A/m, inclination 11 = 54°N, and declination D1 = 2°E. (c)
906 Induced RTP magnetic effects of the seamount modeled with J1, 12 = 90°, and D2 = 0°. These
907  results are the total field effects in Map b reduced-to-the-pole. (d) Gravity effects of the
908  seamount modelled for the density contrast Ac = 3 kg/m?. (e) FVD of the gravity effects in
909 Map d. (f) Total magnetic field effects of the seamount modelled induction parameters J1, 11,
910 and D2 plus a deep volcanic body with induced J2 = 0.70 A/m, I1, and D1, and remanent J3
911 =1.6 A/m, I3 = -54°S, and D3 = -2°W. (g) RTP magnetic effects of the seamount model in
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912 Map f computed with 12 and D2. The red contour in Map a highlights the -1300 m
913  bathymetric level that is represented by white contours in the rest of the maps. Correlation
914  coefficients (CC) between the maps are also listed.

915

916 Figure 4

917  (a) Normalized reduced-to-pole (RTP) magnetic anomalies. (b) Normalized first vertical
918  derivative (FVD) free-air gravity anomalies. Normalization factors (NF) are listed for each
919 map that may be multiplied against the normalized data to convert them to the original
920 anomaly values. The alphanumeric labels on the prominent data features are given in Table
921 2.

922

923  Figure5

924  Summed local favorability indices (SLFI) for the normalized outputs from wavenumber
925  correlation filtering the data sets of Figure 3 for CC(k) > 0. (a) The stronger peak-to-peak
926  correlations characterized by SLFI > +10 (red shaded) broadly delineate regions of relatively
927  positive density and magnetization contrasts Ac(+) and Am(+), respectively. (b) The stronger
928  trough-to-trough correlations characterized by SLFI < -10 (blue shaded) outline relatively
929 negative density and magnetization contrasts Ac(-) and Am(-), respectively.  The
930 alphanumeric labels on the prominent data features are given in Table 2.

931

932 Figure6

933  Differenced local favorability indices (DLFI) for the normalized outputs from wavenumber
934  correlation filtering the data sets of Figure 3 for CC(k) < - 0.1. The positive DLFIs (yellow
935 shaded) map out the stronger gravity peak-to-magnetic trough correlations for DLFI > +10
936  that roughly delineate regions of relatively positive density and negative magnetization
937  contrasts Ac(+) and Am(-), respectively. The negative DLFIs (green shaded) highlight the
938  stronger gravity trough-to-magnetic peak correlations for DLFI < -10 that broadly outline
939 relatively negative density and positive magnetization contrasts Ac(-) and Am(+),
940  respectively. The alphanumeric labels on the prominent data features are given in Table 2.
941

942
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Table(s)

Table 1. Possible geological scenarios for interpreting correlative geopotential field anomalies of
the Southern Tyrrhenian Sea. For each anomaly field, the signs in parentheses give the signs of the
related physical property contrasts. For example, the Sicilian-Maghrebian nappes tend to be
characterized by negative magnetization and positive density contrasts.

GRAVITY
Ao (1) Ao (-)
e calc-alkaline to shoshonitic volcanic e sediments filling depressions of the
products of the Aeolian islands and Sicilian-Maghrebian chain;
seamounts; e syn-rift Tortonian sediments of south
— e oceanic to tholeiitic basalts of volcanic eastern Sardinia;
E islands and seamounts; e intrusions of sediment-filled basins.
g e pre-Tortonian carbonates;
< e shallow intrusions;
8 e Bathymetric\topographic peaks
E e pelagic-to-terrigenous and Miocene e pelagic-to-terrigenous and Miocene flysch-
(ZD flysch-type nappes of the Sicilian- type nappes of the Sicilian-Maghrebian
< Maghrebian chain. chain;
= e sediments filling intra-slope depressions
bordering uplifted basement stacks;

O e sediments filling the peri-Tyrrhenian
£ basins surrounding the Aeolian islands and
< northern Sicily;

e reversely magnetized seafloor of the
eastern and western Marsili Basin on high
standing pre-Tortonian basement;

e Bathymetric\topographic depressions.
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Table(s)

Table 2. Correlative magnetic and gravity anomaly features listed by their alphanumeric identifiers
(ID) and apparent positive (+) and negative (-) contrasts in magnetization (Am) and density (Aoc).
The related magnetic sources (MS) and gravity sources (GS) inferred for each physical property
contrast are keyed to: 1 = topographic effects due the contrasts between the bathymetry/topography
and water/air; 2 = terrain effects from contrasts within the terrain; and 3 = deeper crustal contrasts.

A) Northern Sicily Marine Sector

ID Am MS Ac GS Location

Al - 2 - 2 Cefalu Basin

A2 - 1,3 - 1,3  Ustica Basin —S. Vito Canyon

A3 - 2 - 2 Northern And Eastern Ustica Offshore

Ad - 2 2 Mt. Anchise Seamount Northern Offshore

A5 - 3 + 3 Castellammare And Termini Imere Gulfs — Palermo Onshore Sector
Ab - 3 + 1,3  Capo D’orlando Sector

B) South Western Tyrrhenian Sea Sector

BL + 3 + 3 Eastern Issel Basin

B2 + 3 + 1 Southern Magnaghi Basin

B3 + 3 + 1 Western Issel Basin

B4 + 1 + 1,3 South Western Mt. Majot Seamount Offshosre
B5 + 1 + 1 Mt. Quirra Seamount Sector

B6 - 1 + 1 Souhteastern Sardinia Offhsore

B7 + 1 - 1,23 Panormed Promontory

C) Marsili Basin Sector

Cl + 1 + 1 Marsili Seamount
C2 - 3 - 3 South-Eastern Marsili Basin Plain Stromboli Canyon
C3 - 3 - 3 North-Western Marsili Basin Plain

D) Aeolian Islands Sector

D1 + 31 + 3,1 Vulcano-Lipari-Salina, Panarea, Stromboli Islands
D2 + 3,1 + 3,1 Alicudi, Filicudi Islands

D3 + 31 + 3,1 Western Aeolian Seamounts (Sisifo, Enarete)

D4 + 3 + 3 TropeaOffshore

D5 + 13 + 3 Palinuro Seamount

D6 - 3 + 3 Mt Diamante Seamount

D7 + 3 - 3  Paola Basin Sector

E) Drepano-Elimi Sector

El + 3 + 1 Usticalsland Mt. Anchise Seamount
E2 + 13 + 1  Aceste Seamount

E3 + 3 + 3  Cofano Gulf Sector

E4 + 3 - 3 Central Elimi Chain

E5 - 13 + 1 BancoElHaquaria

E7 - 3 + 1,3 Talbot Bank Sector

E9 - 13 + 1,3 Isole Egadi Western Offhsore

E1l - 3 + 1,3 Mt Aceste Seamount Northern Offshore
E6 + 13 - 1,3 TalbotBank Sector

E8 + 3 - 3 Isole Egadi Western Offhsore

E1I0 - 13 + 13 Isole Egadi Western Offhsore
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