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Abstract

Analysis of the analytic signal of the aeromagnetic field in the Tyrrhenian region allowed the systematic loca-
tion of the boundaries of magnetic shallow sources. This method was chosen because of its independence from
the magnetization and inducing field direction, and the results were similar to those of the boundary analysis
of the horizontal gradient of the pseudogravity transformed field. The analytic signal was computed by a stable
algorithm based on the second order horizontal derivatives of the field and Laplace equation. The complexity
of the investigated area is well reflected in the aeromagnetic field and an objective and systematic study, such
as boundary analysis, provided a rather complete description of the main regional structures. Significant trends
indicated the existence of structures, whose nature was still unknown or uncertain. These included structures
located between the Vavilov and De Marchi seamounts, NW of Stromboli Island, south of Ponza Island, a
buried horst immediately south of the Cilento coastline, a body located northwest of the Cassinis seamount
and other small magnetized structures located south of the Tuscanian archipelago. In many cases, a better defi-
nition of several structures previously recognized was obtained as in the case of some tectonic alignments
(e.g., the Elba ridge, the Romolo and Selli lines, etc.), a large number of igneous seamounts (e.g., Magnaghi,
Marsili, Vavilov, Anchise, Quirra, Enarete, Eolo and Sisifo seamounts) and several crystalline outcrops (e.g.,
Ichnusa, Vercelli, M. della Rondine, Tiberino, Cassinis, Traiano, Glauco and Augusto'seamounts).

Key words magnetic anomalies — crust Structures — by cyclic extensional phases (Bernini et al.,
Tyrrhenian basin — Italy 1990). In the western part of the basin the con-
tinental crust was stretched and thinned by ro-
tational normal faulting prior to the formation
of the basaltic crust (Moussat et al., 1985),
with the formation of asymmetric, tilted base-
ment blocks (Kastens ef al., 1988). The south-
western part of the Tyrrhenian basin (Sardinia
channel) is formed by thinned continental
crust, underplated by partial melt in the central
region (Peirce and Barton, 1992). The central-
castern part of the basin is the youngest and
the deepest and mainly composed of large ex-
tensions of tholeiitic basalts, including sever-
o o ] al alkali basalt volcanic centers (Magnaghi,
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1. The magnetic field of the Tyrrhenian
region

The Tyrrhenian basin is a small deep asym-
metric basin, partially floored with basaltic
crust. Its northern sector is composed of oro-
genic continental crust that underwent an in-
fense anatectic magmatism of the Upper
Miocene age (Barbieri er al., 1986), followed
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Several models were suggested to describe
the geodynamical evolution of the basin. One
of the most supported models interprets the
Tyrrhenian basin as a back-arc basin (Finetti
and Del Ben, 1986; Malinverno and Ryan,
1986; Patacca et al., 1990)

Locardi and Nicolich (1988) suggest an al-
ternative model explaining the magmatic set-
ting in the perityrrhenian regions not by the
hypothesis of a westward dipping subduction
below the Central and Southern Apennines but
by the presence of a fluidized asthenospheric
mass which flowed from the top of the Tyrrhe-
nian asthenolith toward the Appenninic belt.

A third model hypothesizes a progressive
south-eastward migration of the spreading cen-
tre of the Tyrrhenian basin, substantially con-
firmed and explained by recognising a differ-
ent subduction hinge «rollback» rate of a vari-
ously dense and thick Adriatic lithosphere, due
to an eastward oriented push of the astheno-
sphere acting on the slab at depth. To describe
this mechanism, the global westward motion of
the lithosphere relative to the asthenosphere,
has to be taken into account (Doglioni, 1991;
Doglioni and Flores, 1995)

The aeromagnetic field of the Tyrrhenian
Region shows the presence of a complex set of
many anomalies located in correspondence of
volcanic islands, seamounts, tectonic linea-
ments and morphological highs around the
batial plain border. Most anomalies present
a high amplitude (from 200 to 1200 nT for
the Vavilov, Magnaghi, Marsili and Palinuro
seamounts) and are strictly related to the recent
geodynamic evolution of this area.

Many lower amplitude and high frequency
anomalies (up to 30 nT) indicate the presence
of many structures of various origin, nature
and age, so indicating the very complex evolu-
tion of this basin (Morelli, 1982). Moreover,
some weak and low-frequency anomalies char-
acterize the Sardinian basin, the Tyrrhenian
shelf of the Sicilian and the Calabro-Campa-
nian offshore. Selli (1981) pointed out various
transform faults by observing magnetic anoma-
lies, volcano alignments and tectonic linea-
ments. A SE-NW total magnetization direction
(ranging from —30° to —50°) was argued for
several anomalies located around the batial
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plain (Fedi and Rapolla, 1988). It has been in-
terpreted as due to the complex and multiphase
rotational movements accompanying the Tyr-
rhenian opening, in good agreement with the
anticlockwise movements suggested for the
Southern Apennines on the basis of indepen-
dent evidence (Finetti and Del Ben, 1986;
Incoronato and Nardi, 1989).

Due to such a structural and dynamic com-
plexity, the aeromagnetic field is expected to
yield a very meaningful description of the
Tyrrhenian area. Hence, processing the aero-
magnetic field by rather objective techniques,
such as boundary analysis, may be used to ob-
tain a systematic and rather complete descrip-
tion of the regional structural setting.

2. Techniques of boundary analysis

The horizontal location of the lateral edges
of source-bodies of potential field anomalies
can help detection of contacts between struc-
tures with different density and/or magnetiza-
tion, e.g., lateral boundaries of plutons in sedi-
mentary cover, volcanic bodies, dykes and lac-
colites.

Since the ’70s, several methods have been
proposed to automatically define the source pa-
rameters of gravity and magnetic anomalies.
These parameters are essentially the boundary
location and the depth of the density/magneti-
zation anomaly sources. The success of these
techniques is based on the possibility to obtain
quantitative solutions with few assumptions
and with a better resolution than from the
original potential field data. This is mainly true
as far as magnetic fields are concerned, be-
cause of difficulties in the visual identification
of source edges at non-polar magnetic lati-
tudes.

The information related to the boundaries of
the sources may be enhanced by either of two
techniques based on the horizontal and vertical
derivatives of the potential field: horizontal
gradient analysis and analytic signal analysis.

The most simple method concerns the cal-
culation of the horizontal derivative (Cordell,
1979; Cordell and Grauch, 1985) of the poten-
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tial field (M):
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In the case of gravity anomalies, sources verti-
cally sloping have derivative maxima located
along their boundaries.

In the case of magnetic data, anomalies ap-
pear displaced with respect to their sources,
unless at poles. This leads to mislocating the
source boundaries. Reduction to the pole or
pseudogravity transformations (Baranov, 1975;
Fedi, 1990) may correct for this effect, but the
directions of the inducing field and of the aver-
age magnetization vectors need to be known.
In this regard, pseudo-gravity integration ap-
pears more suitable than reduction to the pole,
since it is less dependent upon the actual direc-
tion of the magnetic field and the average
source magnetization. Moreover, it is a smooth-
ing operator so that the horizontal derivation of
the pseudogravity field is more stable than that
for the reduced to the pole field. Nevertheless,
in both cases, a constant direction is assumed
for the magnetization vector, while it is gener-
ally not homogeneously directed over the map.
Hence, several transformations should be needed
to obtain meaningful information from the hori-
zontal derivative data, each one relative to a dif-
ferent direction of the magnetization vector.

As an alternative technique for finding
source boundaries, we considered the analysis
of the analytic signal (Nabighian, 1984), a com-
plex quantity whose real and imaginary parts
are respectively the horizontal and vertical
derivatives. The amplitude function of the ana-
lytic signal (Roest ef al., 1992) is then given
by the vectorial sum of the three derivatives of

oM

the potential field M:
2 2 oM \2
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As in the case of the horizontal derivative, the
position of the maxima estimated by the ana-
Iytic signal is located along the boundaries of

oM
dy
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the anomaly source, provided the discontinu-
ities are near vertical. Several tests performed
on gravity data (fig. la-d) evidenced that lat-
eral dimensions of prismatic source bodies as
resulting from analytic signal are slightly un-
derestimated with respect to the real ones,
whereas this drawback is not present when the
horizontal gradient is used. The same consider-
ations are easily extended to the magnetic case.
However, in this case, the analytic signal pre-
sents the significant advantage that its shape
does not depend upon the directions of the in-
ducing field and of the magnetization vector.
So, to perform boundary analysis using the an-
alytic signal, there is no need to previously re-
duce magnetic anomalies to a polar latitude.

The final step of boundary analysis con-
cerns recognizing the maxima of the analytic
signal (or of horizontal field derivative) to de-
fine the lateral boundaries of the sources. This
operation was made by means of an automatic
technique proposed by Blakely and Simpson
(1986). This method finds the maxima compar-
ing the value of each intersection of grid data
with its nearest neighbours in four directions,
along the row, column, and both diagonals.
This comparison is made by testing the follow-
ing inequalities:

M;_, <M, > M,
M, <M, ; >M; ;4
Mo <M ; >M;_y 4
My, <M;; > My e

where M stands for horizontal derivative of
pseudogravity, gravity or for analytic signal
anomaly. For each inequality satisfied, a coun-
ter N (significance level) is increased, ranging
from 0 to 4, so defining the «quality» of the
maximum. The horizontal location and the am-
plitude of each maximum are finally calculated
by interpolation of a second order polyno-
mial.

To obtain the analytic signal, the calculation
of the vertical derivative is needed, in addition
to the horizontal one. There are several meth-
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Fig. 1a-d. a) Synthetic error-free gravity (or pscudogravity) ficld generated by a square based
prismatic body with the following features: width = 14 km; depth to the top = 1.2 km: thickness = 5 km;
Ap = 1 g/leme. b) Horizontal gradient. c¢) Vertical gradient (analytically computed). d) Analytic

signal.

ods to compute the vertical derivative, but they
are not equally stable when used in real cases.
We performed several tests on gravity anoma-
lies which obviously extend to the pseudograv-
ity anomalies in the magnetic case, They show
that the convolution of the measured field with
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a vertical differentiation operator provides
good results only for a very high signal to
noise ratio. In fact, a boundary analysis of po-
tential fields generated by a synthetic source-
body and affected by small gaussian random
errors (3% of anomaly amplitude) provides
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Fig. 2a-d. Boundary analysis of a synthetic gravity field (same of fig. la) affected by gaussian random errors
with amplitude equal to 3% and 10% of the original anomaly. 1) Horizontal gradient (error = 3%). b) Analytic
signal. Vertical derivative was obtained by numerical convolution (error = 3%). c) Horizontal gradient (error =
10%). d) Analytic signal. Vertical derivative was obtained by numerical convolution (error = 10%).

poor results. When the error increases (10%) Second Vertical Derivative, ISVD), based on
the edge location becomes totally unreliable the Laplace equation formula:
(fig. 2a-d).

In order to compute a more stable vertical , 5 5
derivative, given a potential field M, a different IM __ M _ akM. 2.1)
technique was here used (we call it Integrated 0z’ oxt a9y’
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It consists in computing the first order vertical
derivative of M by:

a) Caleulating its second order horizontal
derivatives by a simple five-point finite differ-
ence algorithm.

b) Using Laplace equation (eq. (2.1)) to ob-
tain the second order vertical derivative.

"M

¢) Numerically convolving with the

e
smoothing operator of vertical integration (fig. 3).

As evidenced in fig. 4ab, this method is
much more stable than the direct calculation of
the vertical derivative and it should work well
in real noisy cases.

It must be recalled that both these methods
assume vertical and abrupt contrasts. Other-
wise, the boundaries detected will be shifted
toward the dip direction of the discontinuity, in
a measure depending on their inclination and
depth (Grauch and Cordell, 1987). This effect
is generally small and becomes negligible with
increasing lateral widths of the source or when
considering regional data sets.

mGalikm
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Fig. d4a,b. Boundary analysis of the same field of fig. la, but alfected by gaussian random errors with ampli-
tude equal to 3% and 10% of the original anomaly. a) Analytic signal. Vertical derivative was obtained by ver-
tical integration (sce text; error = 3%). b) Analytic signal. Vertical derivative was obtained by vertical integra-

tion (see text; error = 10%).
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Fig. 5. «Residual Magnetic Anomaly Map of Tialy» (AGIP, 1981). The data set consisis in a 90 x 90 grid
with 6 km step.

3. Data analysis and interpretation analytic signal was therefore preferred, due to
its substantial independence from the magneti-

The analysis regarded the whole Tyrrhenian zation vector direction.
basin, covering an area whose coordinates From a preliminary analysis, the found edges

range from 38°30" to 42°50” Lat, N and from disclosed some structures already described by
9°23" to 15°33 Long. E (fig. 5). It was based the magnetic field itself. Nevertheless, the
on a 90 x 90 data set at a 6 ki step, windowed boundary analysis yielded additional informa-
from the «Residual Magnetic Anomaly Map tion about the lateral extent of the source bod-
of Italy» (1:500000) published by AGIP ies. Furthermore, the transformation of the

(1981). magnetic field to the analytic signal enhances

A careful study of the boundary analysis the low amplitude anomalies and provides a
from horizontal derivatives was first con- better resolution for close anomalies. Finally,
ducted. Slight but often significant differences the amplitude of the analytic signal may be
in the location of the maxima were observed as used to have some indications on the nature of
the magnetization vector direction was varied the source bodies. In fact, as a first approxima-
to make the pseudogravity transforniation. The tion, voleanic or basic igneous rocks should
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Fig. 6. Analytic signal of the magnetic field shown in fig. 5. Black points represent the position of the maxi-

mum amplitude values of the analytic signal.

have higher values of the analytic signal than
felsic crystalline rocks.

The analysis revealed few linear trends and,
on the contrary, indicated the prevailing pres-
ence of sources correlable to igneous bodies,
volcanoes, outcropping fragments of crystalline
basement, etc. This is not surprising, since sev-
eral tectonic lines (dip-slip faults, transcurrent
and transtensive faults) are zones of crustal
weakness and therefore represent preferential
pathways of magma rising or areas of base-
ment outcropping. Thus, many tectonic lines

- may just be identified by alignments of vol-
canic bodies or continental horsts.

Two main kinds of source edges are shown
by the maxima trends on the analytic signal
map (fig. 6):
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— Boundaries well correlated with known
structural features (fig. 7).

— Boundaries partially or not correlated
with known structural features (fig. 8).

3.1. Boundaries well correlated with known
structural features

The presence of many features already in-
ferred from previous studies (e.g., Finetti and
Del Ben, 1986; Barberi et al., 1991) is clearly
evidenced by the edge analysis, but the analy-
sis points out new insights about their nature
and extent.

For instance, our analysis shows an off-
shore enlargement of magnetic structures along
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Fig. 7. Location of the main trends of analytic signal maxima evidencing structures already recognised in pre-
vious studies. Identified structures and corresponding numbers are listed in table I.

the eastern coast of Sardinia, disclosed by two
broad and circular maxima edges. It may be
correlated to outcropping metamorphites and
acid plutonites, as in their on-shore part.

The presence of deep magnetic sources lo-
cated along the eastern margin of the Apen-
ninic chain is also evident; the origin of these
magnetized bodies is probably linked to the
genesis of the Apennines (Florio, 1993).

Further on the northern edges of the Tyrrhe-
nian basin, circular trends of maxima empha-
sise the presence of the main onshore volcanic
centers of the Italian peri-Tyrrhenian belt
(Bolsena, Vico, Bracciano, Albano, Roccamon-
fina, Vesuvius and Phlegraean Fields). A simi-
lar correspondence exists as far as some peri-
Tyrrhenian islands are concerned (Elba, Ischia,
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Ventotene, Ustica, Panarea and Stromboli).
Within the Tyrrhenian basin the boundary
analysis disclosed significant trends around
some major submarine volcanoes of the
abyssal plain, with prevailing tholeiitic basalts
(Marsili and Vavilov seamounts). Moreover,
the edges of many secondary seamounts were
also clearly revealed. Some of them are vol-
canic centers characterized by a magmatism
ranging from alkaline or calc-alkaline to
shoshonitic and are located around the edges of
the abyssal plain (Palinuro, Anchise, Quirra,
Enarete, Eolo and Sisifo seamounts).

Other seamounts located around the batial
plain, which are fragments of continental mar-
gins locally occurring with magmatic effu-
sions, were also evidenced by our analysis.
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They included the Ichnusa, Vercelli, M. della
Rondine (cf., Barberi et al., 1991), Tiberino,
Cassinis, Traiano, Glauco and Augusto (with a
small lateral volcanic center) seamounts. Some of
the structures outlined in these areas may also be
linked to buried sources and only partially related
to the topographic relief. The Marsili Smt. struc-
ture is instead related to a couple of magnetic
anomalies, possibly owing to a polyphasic evolu-
tion of this volcano. Our analysis showed instead
a number of analytic signal maxima entirely sur-
rounding the seamount.

In some cases, near-structures appeared en-
closed in a unique circular trend of maxima,
such as the Eolo, Sisifo and Enarete submarine
volcanoes. This effect depends on the regional
type of data used.

A significant correspondence seems to oc-
cur between trends of maxima and some other
reliefs like the Poseidone Smt. (with probably
associated Issel Smt., Barberi et al., 1991),
where a not sampled acoustic basement out-
crops. This is also the case of the Aceste Smt.
(cf., Barberi et al., 1991; named Tiberio Smt.
in Finetti and Del Ben, 1986) with a close east-
ward-located small relief, that were both inter-
preted as probable volcanic structures (Barberi
et al., 1991). They are delimited by a unique
circular trend of maxima.

As far as linear trends of maxima are con-
cerned, two alignments are easily recognizable
in the analytic signal map. They coincide with
the southern and northern boundaries of two
seamounts (Pompeo and Giulio Cesare sea-
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Fig. 8. Location of the main trends of analytic signal maxima evidencing structures partially or not correlated
with known structural features. Identified structures and corresponding numbers are listed in table II.
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Table I. Boundaries well correlated with known structural features

— Bolsena volcano

— Vico volcano

— Bracciano volcano

— Albano volcano

— Roccamonfina volcano

Somma-Vesuvius volcano*

— Phlegraean Fields

— Elba Island

— Ischia Island

— Deep magnetic sources probably linked to the
genesis of Apennines (Florio, 1993)

11 — Ventotene Island

12 — Ustica Island

13 — Panarea Island

14 — Stromboli Island

15 — Marsili Smt.

16 — Vavilov Smt.

17 — Anchise Smt.

18 — Quirra Smt.

19 — Palinuro Smt

20 — Sisifo Smt.

21 - Ichnusa Smt.

22 — Vercelli Smt.

23 — M. della Rondine (Selli ridge)

24 — Tiberino Smt.

SOOI WN —
|

25 — Southeastern offshore prolongation of the tec-
tonic contact between the Alpine units on Cor-
sican foreland.

26 — Traiano Smt.

27 — Glauco Smt.

28 — Augusto Smt.

29 — Poseidone Smt.

30 — Aceste Smt. (Tiberio)

31 — Pompeo Smit.

32 — Giulio Cesare Smt.

33 — Romolo magnetic line

34 — Selli Line

35 — Etruschi mounts

36 — Outcropping metamorphites and acid plutonites
(central side of the Eastern Sardinian coast-
line)

37 — Outcropping metamorphites and acid plutonites
(northern side of the Eastern Sardinian coast-
line)

38 — Issel basin

39 — Ponza fault

40 — Elba ridge

41 - Corsica basin

42 — Structural line corresponding to the southern
edge of the Giulio Cesare oceanized basin.

mounts) aligned in WSW-ENE direction. The
southern one was interpreted as a reverse
fault southward dipping and delimiting a vol-
canic thrust block (Finetti and Del Ben, 1986).
The northern alignment seems to coincide
with the Romolo magnetic line (Finetti and Del
Ben, 1986), interpreted as a left transcurrent
fault delimiting southward the area with thin
oceanic crust in the Tyrrhenian Sea and
marked by the presence of igneous bodies
and basement uplifts (Finetti and Del Ben,
1986).

A tectonic line that played a significant role
in the opening of the Tyrrhenian basin, the
Selli line, is easily identified by boundary anal-
ysis. It probably represents a normal fault
westward delimiting the area with thin oceanic
crust in the Tyrrhenian Sea (Finetti and Del
Ben, 1986). Another structural line correspond-
ing to the southern edge of the Giulio Cesare

(Finetti and Del Ben, 1986) oceanized basin is
also clearly recognised.

Northwestward, the analysis of maxima al-
lowed a set of tectonic lines to be clearly rec-
ognized; these tectonic lines are N-S aligned
and delimit the Corsica basin and the Elba
ridge. One of them is very marked and its
southward prolongation outlines the Etruschi
Mounts and the Baronie ridge on their west
side. This linear trend stops abruptly in corre-
spondence with the NW-SE aligned Asinara
right transcurrent fault. Northward, it continues
up to Elba Island. Some other minor faults can be
evidenced by the boundary analysis, even if less
clearly. This is the case of the Ponza fault.

The presence of a significant trend delimit-
ing an area without relevant magnetic anoma-
lies can be noted. It corresponds to the Issel
basin, located in the abyssal plain, between the
Marsili and Vavilov volcanoes.
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3.2. Boundaries partially or not correlated
with known structural features

Several edges seem to be partially or not at
all related to structural features identified by
most studies on the Tyrrhenian basin (e.g.,
Finetti and Del Ben, 1986; Barberi et al.,
1991). In many cases, this reflects the high sig-
nificance of the magnetic field description for
the complex structures occurring in areas of in-
tense geodynamics. For example, the analytic
signal anomaly of the Magnaghi Smt. is not
completely correlated with the topography and
includes also a more southern area. Moreover,
the western edge of the structure seems to be
more magnetic than the rest. Such a distribu-
tion of magnetization reveals a great complex-
ity in volcano formation, as already pointed out
by Fedi et al. (1994).

Table II. Boundaries partially or not correlated with
known structural features.

1 — Orazio and Lucrezio seamounts
2 — Body located south of the Giglio Island
3 — Secchi Smt.
4 — Albatros Smt.
5 — De Marchi Smt.
6 — Probable igneous buried body south of Ponza
Island
7 — Magnaghi Smt.
8 — Giglio Islands and Formiche di Grosseto reef
9 — Two bodies, with coordinates 10°55” Long. E
and 39°20" Lat. N
10 — Cornaglia Smt. and other small seamount
11 — Mayor and Sallustio Smts.
12 — Baronie ridge
13 — Vulcano fault
14 — Drepano Smt.
15 — Area between Vavilov and De Marchi Smits.
(Gortani ridge)
16 — Area north-west of Stromboli Island
17 — Horst buried below young sediments
18 — Bathymetrical high including Cassinis Smt.
and an outcrop of acoustic basement
19 — Body with coordinates 12°5" Long. E and
40°50” Lat. N.
20 — Volcanic and/or igneous body north of Fili-
cudi Island
21 — Igneous buried body between Sisifo and Mar-
sili Smts.
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A significant trend, SE-NW aligned, outlines a
broad area located between the Vavilov and De
Marchi seamounts. It includes a N-S elongated
relief, corresponding to the Gortani ridge, and
a region apparently without noticeable mor-
phological structures, possibly indicating a
deeper magnetic source of a probable igneous
and basic nature. Similar features are evi-
denced by a SE-NW aligned well defined
trend, including a region located NW of Strom-
boli Island and marked by a significant anom-
aly. This broad area does not correspond to any
known structure and is not correlated with the
topography, thus indicating the possible pres-
ence of a buried igneous body.

Analogously, the analytic signal evidenced:
the presence of a volcanic and/or igneous body
north of Filicudi Island, where a small volcanic
edifice is known (Barberi ef al., 1991); a prob-
able igneous buried body between Sisifo and
Marsili Smts., below a relatively thick sedi-
mentary cover recognised by Barberi et al.
(1991).

An analytic signal anomaly appeared near
the Cicerone Smt. (c¢f. Finetti and Del Ben,
1986; named Albatros Smt. in Barberi et al.,
1991). This submarine volcano, and another
smaller structure nortwestward located of sus-
pected volcanic nature, are outlined by an
unique circular trend of maxima.

A probable correlation was also noted be-
tween a NW-SE aligned trend and two struc-
tures: the De Marchi Smt. and a secondary re-
lief, possibly of volcanic nature (Barberi et al.,
1991). A large and intense analytic signal
anomaly immediately south of the Asinara
fault could be correlated, in its western side, to
the Cornaglia Smt. and to another minor relief
located northwestward. Its eastern side could
be correlated to the Mayor Smt. (Barberi et al.,
1991) and, more doubtfully, to the Sallustio
Smt. (Finetti and Del Ben, 1986). As about
Cornaglia Smt. the high intensity of the ana-
lytic signal suggests the presence of igneous
or volcanic rocks other than the sampled
metapelites.

Immediately northward, the Baronie ridge is
well outlined, on its western, southern and
northeastern sides, whereas its other bound-
aries are more uncertain.
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The presence of the Asinara fault (Finetti
and Del Ben, 1986), even if not directly evi-
denced, can be inferred by the southward
abrupt truncation of the N-S aligned tectonic
line correlated to the Elba ridge. Similarly,
some evidence of the right transcurrent Vul-
cano fault (Finetti and Del Ben, 1986) can be
found. Another broad trend was located imme-
diately south of Ponza Island and does not
seem to correspond to any well defined struc-
ture previously recognized.

A noticeable anomaly allowed the formation
of a circular maxima trend immediately south
of the Cilento coastline. These maxima proba-
bly indicate the presence of a horst buried be-
low young sediments.

Another structure, including Giglio Island
(acid plutonites) and, northward, the «Formi-
che di Grosseto» reefs seems to be outlined by
a number of maxima aligned in a N-S direc-
tion. However this correlation is uncertain be-
cause of the very low intensity of the analytic
signal in the area.

The boundary analysis also recognized,
even if not very clearly (due to data under-
sampling and to the very small extension of
anomalies), the presence of several small struc-
tures located south of the Tuscanian Archi-
pelago and west of the Tyrrhenian abyssal
plain:

— A body located northwest of the Cassinis
Smt. (11°30™-11°45" Long. E and 40°40’-41°
Lat. N.), doubtfully interpreted as volcanic
centers (Barberi et al., 1991).

— A body whose location has coordinates
12°05” Long. E and 40°50” Lat. N.

— Two bodies, doubtfully interpreted as
volcanic centers (Barberi et al., 1991), whose
location has coordinates 10°55” Long. E and
39°20” Lat. N.

The nature of these latter structures, evi-
denced by small submarine hills, remains un-
certain.

We have provided a rather extensive defini-
tion of the main structures by the boundary
analysis in the Tyrrhenian Sea. Let us note,
however, that some known structures such as
Lucrezio, Orazio and Catullo (Finetti and Del
Ben, 1986) and Secchi seamounts are poorly
represented in the analytical signal map.

445

Analogously for some minor ridges such as the
Selli ridge or for tectonic lines like the Circeo,
Capri, Tacito, Taormina and Filicudi faults
(Finetti and Del Ben, 1986). This is mainly due
to the regional type of utilized data, to interfer-
ence between several neighboring anomalies or
even to the fact that contacts with a low mag-
netization contrast are likely to generate weak
anomalies, so that the maxima of the analytic
signal are probably corrupted by the noise.

4. Conclusions

The techniques used here to study the
Tyrrhenian region, based on the analysis of the
horizontal gradient and of the analytic signal,
are rather objective and proved to be very fast
and efficient to yield an overall definition of
and significant insights into the structures of
the region. The method allowed a useful recog-
nition of any kind of contacts between struc-
tures with a magnetization contrast. As a mat-
ter of fact, we found several previously known
structures defining their lateral extent:

— Tectonic alignments: Elba ridge, Romolo
line, Selli line, Ponza fault, Vulcano fault.

— On-shore volcanoes: Bolsena, Vico, Brac-
ciano, Albano, Roccamonfina, Vesuvius, Phle-
graean Fields, etc.

— Submarine volcanoes: Marsili, Vavilov,
Anchise, Quirra, Enarete, Eolo and Sisifo
Smits., etc.

— Submarine crystalline outcrops: Ichnusa,
Vercelli, M. della Rondine, Tiberino, Cassinis,
Traiano, Glauco and Augusto Smits., etc.

However, a more noticeable result was the
identification of several trends indicating the
existence of source bodies whose nature is still
unknown or imperfect:

— A broad area located between the Vavilov
and De Marchi seamounts.

— A region located NW of Stromboli Is-
land.

— A volcanic and/or igneous body north of
Filicudi Island.

— An igneous buried body between Sisifo
and Marsili Smits.

— An area south of Ponza Island.
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— A buried horst immediately south of the
Cilento coastline.

— A body located northwest of the Cassinis
Smt.

— Several small magnetized structures lo-
cated south of the Tuscanian Archipelago,
etc.

Some of them have small dimensions or are
partially or totally buried by more recent sedi-
ments and, consequently, are not correlated to
the bathimetry. Other sources (south of the
Magnaghi Smt.; between the Vavilov and the
De Marchi Smits.; northwest of the Stromboli
Island) are more extended than what was in-
ferred from the submarine reliefs associated to
them.

Difficulties in distinguishing some local
structures and the apparent sparseness of some
maxima points, are mainly due to the regional
character of the utilized aeromagnetic data set.
The availability of more detailed input data
could avoid these drawbacks and allow a more
precise edge analysis also at a local scale.
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