Rayleigh wave velocities and structural informations in Central
Northern Italy *

P. BALDI** - M. GASPERINI***-E. MANTOVANI****

Received on May 15th, 1978

ABSTRACT

Rayleigh wave dispersion has been observed along the three profiles
Trieste-Olbia, Olbia-Bologna and Olbia-Bolzano, in central-northern Italy.
The interpretation of phase velocities indicates a crustal thickness increas-
ing from East (25-30 km, Trieste-Olbia) to West (30-35 km, Olbia-Bolzano).
For each profile two values of the Moho depth are acceptable; the shal-
lower one is associated with a set of models which have low velocity
material (3=4.3 km/s) just under or within a few km from the Moho;
the deeper one still accepts low velocity material (3=4.4 km/s) under
the Moho but does not exclude the presence of an almost normal LID
above the low velocity channel.
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RIASSUNTO

Sono state calcolate le velocita di fase delle onde di Rayleigh per tre
profili interessanti l'Italia centro-settentrionale: il Trieste-Olbia, 1'Olbia-
Bologna e 1'Olbia-Bolzano.

L’interpretazione delle curve delle velocita di fase indica un aumento
dello spessore della crosta da Est a Ovest (25-30 Km per il profilo Trieste-
Olbia e 30-35 Km per !'Olbia-Bologna). Per ogni profilo sono stati poi tro-
vati due valori per la profondita della Moho associati ad altrettanti
valori di B nella zona a bassa velocita.

INTRODUCTION

The area covered by the three profiles studied (Fig. 1) is
fairly heterogeneous; in a few hundreds of Km we pass from the
Adriatic subplate. which has the characteristics of an aseismic
continental region to the Tyrrhenian sea, traversing the Po valley,
an asymetric thick sedimentary basin of the quaternary, and the
Apenninic folded belt.

On the basis of (weak) seismicity some authors assume the
existence of a plate boundary almost parallel to the main axis
of this belt, which divides the Italian area in a western and
an eastern part (Lort, 1971; McKenzie, 1972; Udias, 1975).

The western part, is represented by the Tyrrhenian slope of
the Apennines and the adjacent sea; this region presents many
indications of a tensional deformation which probably began in
the upper Miocene and may be still active; the eastern part is
mostly formed by the Adriatic plate and appears to be subjected
to a compressive deformation (Elter et al., 1975); the assumption
of a structural difference between the two parts is also supported
by the distribution of gravity anomalies which are positive in
the western part and negative in the other and by the :nuch
higher heat flow values observed on the Tyrrhenian side.

The stress field described above seems to have produced
crustal thinning, probably accompanied by a rising of mantle
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Fig. 1 - Long period seismic stations and paths along which
the dispersion of Rayleigh wave has been studied.



184 RAYLEIGH WAVE VELOCITIES AND STRUCTURAL ECC.

material on the western side and the formation of a root under
the Apennines which however appears displaced with respect
to the maximum elevation of the chain (Mongelli et al., 1975).

Further information on the structural features of the studi-
ed area is given by the results of the geophysical investigations
reported in the literature.

In a series of earthquake studies, Caloi (1937, 1952, 1957,
1958) and Caloi et al. (1956, 1970) indicate for the Po Valley a
crustal thickness of 30-34 km with a sedimentary cover of 3-6
km and a granitic layer of about 10 km; the crust becomes
thicker under thec entral Apennines (50-55 km) and decreases
under the Ligurian sea where the granitic layer is supposed to
disappear.

A list of P,, S;, Py, Ss, Ps, and S, velocities from near event
studies, relative to regions included in the area of interest, is
given in Tab. I.

From seismic refraction measurements Morelli et al. (1967)
and Giese - Morelli (1975) estimate a crustal thickness of 30-35
km in the upper Po valley and 30 km in the Northern Adriatic.

In the Ligurian area the crust decreases from 25 km from
the Apennines (Giese, Morelli, 1975) to 12 km in the Ligurian
sea (Falquist, Hersey, 1969).

Scarascia (1978) gives a crustal thickness of about 30 km
under the Ligurian Apennines and along a profile crossing the
Tyrrhenian sea between Corsica and Elba.

Using all the available gravity and seismic data, Giese -
Morelli (1973), give the contour map of the Moho discontinuity
in Italy; by interpolation from this map it is possible roughly
to estimate an average crustal thickness increasing from about
25 to 30 km along the profiles Trieste-Olbia, Olbia-Bologna and
Olbia-Bolzano.

Mueller and Talwani (1971), by gravity data interpretation,
cxclude the presence of a crustal root as deep as 50 km under
the Apennines and indicate a crustal thickness which ranges
from 50-55 km under the eastern Alps to 25-30 km under the
Tosco-Romagnolo Apennines.

By dispersion study of the fundamental mode Rayleigh wave,
Caputo et al. (1976) give a crustal thickness of 55 km under the
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TaBLE 1 - Crustal and subnioho velocities observed in Central Northern Italy by: (1) Caloi, 1952; (2) Console &

VPI) VPH VS;,' VSb VSu
(Km/s) (Km/s) (Km/s) (Km/s) (Km/s) (Km/s)
57 % 0.04 6.61 + 0.04 8.0 £ 0.04 336 +0.03 3.64 441 £+ 0.02
7.77 + 0.08 — — 4.8 +£0.01
5.1 6.1 o 308 - -
6.9
52 _54 7.86 + 0.04 3.01 +£0.04 4.34 + 0.02
.06 + 0. 57+0.04 . .
5.25 6.63 + 0.08 8.16 + 0.06 306 £01 33 444 +002
5.6 — 7.9 32 — — 4.35
57 —59 67 —17.0 7.6 33 —35 36 —39 40 —4.4

Gasparini, 1975; (3) Bossolasco et al., 1972.
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Apennines, but undoubtedly this large value is connected with
the high velocity and the simplified model assumed for the crust
in the inversion of the dispersion curves.

Nolet - Panza - Wortel (1977), here too with surface wave,
study, indicate an average crustal thickness of 35 km for the
Adriatic plate and Central-Northern Apennines; they report
also evidence, by the study of group velocity dispersion of sur-
face waves from near events, against strong shallow lateral he-
terogeneity between the Adriatic sea and the Apennines.

EXPERIMENTAL RESULTS

The information on the events selected for this study are set
out in Table II and the profiles studied are shown in Fig. 1.

The long period stations are equipped with standard seis-
mographs (15-100 WWSSN equivalent). The record were digitiz-
ed at 2-seconds intervals and analysed with the frequency-filter-
ing and time windowing tecniques described by Knopoff - Muller
- Pilant (1966), Biswas - Knopoff (1974), and Panza (1976).

The phase velocities obtained for the three profiles (Fig. 2)
appear very similar for periods longer than about 40 sec, while
show an appreciable separation for shorter periods indicating
that the lateral heterogeneity of the structure, under the three
profiles, is mainly confined to a region not much deeper than
the Moho.

INVERSION

For inversion we selected eight points from each dispersion
curve.

The spherical-Earth Rayleigh-wave phase-velocity values
were reduced to flat-Earth values by the empirical correction of
Bolt - Dorman (1961), for a direct comparison with the disper-
sion results of the faster flat-Earth computer program.



TABLE II

20 34 354

558 S, 275 W

TABLE 2 - List of events studied.

; Distance to ; Deviation
Date(é&qr)tlme Location Dﬁ%h Magnitude | first station Sltlastégn to the great
Km circle

1 March, 31, 1972 Sandwich Islands N 59 11250 OLB-BLZ 7o

15 36 53.5 553 S, 291 W
2 March, 25 1972 Kurily Islands 43 6.0 9000 TRI-OLB 1.8

22 59 403 434 N, 146.0 E
3 June, 24, 1974 Sandwich Islands 80 6.0 12250 OLB-BOL 0.1
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The inversion of the data was effected by the non-linear
approach (Hedgehog) with a search in a multidimensional para-
meter-space (crustal, lid and channel thickness, lid and channel
velocities) for the models satisfying the observations with a
given uncertainty.

v ¥
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oo OLBIA=-BOLZANO

OLBIA-BOLOGNA

10 20 30 40 50 60 70 80 80 100 1o 120 120

PERIOD- [SEC]|

Fig. 2 - Rayleigh wave phase velocities measured along
the profiles shown in Fig. 1.

The layering of the structure and the range of the parameter
values used in the inversion, are shown in Tab. III.

For the crust we adopted a two-layered model with a sed-
imentary cover at the top. During inversion the thickness of
unconsolidated sediments, tentatively assessed at 3 km from
geological information, has been kept fixed; the variations of the
crustal thickness were absorbed, in an equal proportion, by the
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other two crustal layers. The range of variation for the other
parameters used in the search, was chosen taking in account the
available information on the area and the results of earlier sur-
face wave studies. (Knopoff et al., 1966; Berry - Knopoff, 1967;
Nolet et al., 1977; Calcagnile, Panza e Knopoft, 1977).

A point in the 5-dimensional space is accepted if the theore-
tical-experimental phase velocity difference for each period is
less than 0.05 km/s and the root mean-square of all eight differ-
ences is less than 0.03 km/s. These estimates of error are based
on spacing between the stations, the presence of disturbances
in the records, like those due to multipathing and the good ac-
cordance with phase velocities obtained by Nolet et al. (1977)
for the same area.

The results of the inversion for the three profiles are plotted,
in a four dimensional representation, in fig. 3, 4 and 5.

INTERPRETATION
Trieste-Olbia

For this profile only the values of 25 and 30 km are accepted
as crustal thickness (H,); let us consider these two sets of models
separately: H;=25 km: the material directly under the Moho
presents in most cases a very low velocity (8:=4.3 km/s); the
few cases with higher velocities are always related to very thin
layers.

This low velocity zone, including also the underlying chan-
nel, extends from about the Moho downward and presents a
minimum thickness of 70 km; its bottom is not determined by
the available data.

H,=30 km: for this crustal thickness, material with a vel-
ocity fairly low (f.=4.4 km/s) may still exist directly under the
Moho, but solutions with an almost normal LID (8;=4.4-=4.5
km/s) which may extend as deep as 70 km under the Moho, are
also taken into account (Fig. 3).



TABLE 111

Thickness Density P-wave velocitty S-wave velocity
H (Km) (g/cm?) (Km/s) (Km/s)
SEDIMENT 3 225 34 20
CRUST 1 20<H <45 2.65 5.7 32
CRUST 2 AH =5 2.90 6.6 3.65
LID 10 <H, <80 343 8 430 <8, <450
AH,=10 AB,=0.1
LOW VELO- 30<H;<130 3.45 7.8 4.10 < B, <4.30
CITY CHANNEL AH, =20 AR, =01
SUB CHANNEL 1 H,=295—% H, 35 83 4.52
SUB CHANNEL 2 106 3.55 8.5 4.66
HALF SPACE oo 375 9.10 5.0

TABLE 3 - Scheme of structural mode adopted for the thickness of the sediments has been kept fixed during
inversion; the variations in crustal thickness were absorbed, in a equal proportion, by the other two
crustal layers.
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Olbia-Bologna

The accepted crustal thicknesses are 25 and 30 km.

H;=25 km: the number of these solutions is rather low and
all of them are associated with low velocity material (3.=4.3-+-4.4
km/s) directly under or within 10 km from the Moho; the velocity
undergoes a further decrease in the underlying channel (8:=
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Fig. 3 - Representation in a four dimensional parameter
space of the successful solutions from the inversion of phase
velocities for the profile TRI-OLB. Empty and full circles
indicate crustal thickness respectively of 25 and 30 Km; in
no cases were both values accepted contemporaneously.

4.1-44.2 km/s). In all cases the entire low velocity zone has a
maximum thickness of 80 km.

H;=30 km; with this crustal thickness, low velocity material
(B2=4.3 km/s) just under the Moho is still accepted, but altern-
ative solutions with LID of 4.5 km/s as thick as 40 km are also
taken into account (Fig. 4).
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Olbia-Bolzano

The crustal thickness can be of 30 and 35 km.

H;=30 km: low velocity material (8,=4.3 km/s) is accepted
under or within 10 km from the Moho; this zone may extend
down to a depth of 100 km with a velocity in the lower part of

OLBIA-BOLOGNA
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Fig. 4 - Results of the inversion for the profile Olbia-
Bologna. Empty circles (Hogysr = 25 Km), full circles
(Hcgyst = 30 Km).

4.1-42 km/s. The resolution of the velocity in the first 10 km
under the Moho is very poor.

H(=35 km: in this case the material under the Moho never
presents a velocity as low as 4.3 km/s, but a value of 4.4 km/s,
still low for the LID, is largerly accepted; solutions with LID
velocity of 4.5 km as thick as 50 km are not excluded (Fig. 5).
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For the channel the lack of phase velocity information at
long periods and the intrinsic ambiguity due to the mutual com-
pensation of layer thickness and velocity variations, allows a
poor resolution on these single parameters.

The analysis of the three profiles, considered together sug-
gests a subdivision of all the models in two main types: one
showing low velocity material just under or very near to the

OLBIA-BOLZAND
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Fig. 5 - Resulis of the inversion for the profile Olbia-
Bolzano. Empty circles (Hegysr = 30 Km), full circles
crust = 35 Km).

Moho and a second which do not exclude a LID with almost nort-
mal velocity and thickness; it is possible to express some pre-
ference for the first structural type, considering that large por-
tions of the profile studied lay on the western side of the Apen-
nines and on the Tyrrhenian sea where the supposed tensional
stress field could have produced a rising of hot mantle material.

Other evidence supporting the above preference is repre-
sented by strong positive heat {low anomalies along the circum-
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tyrrhenian region (Mongelli, Loddo, 1974) and by the low P,
and S, velocities observed in the area (see Table I). Further, the
crustal thicknesses associated with this kind of model, ranging
from 25 km along TRI-OLB to 30 km along OLB-BLZ, seem in
good agreement with the values indicated by other geophysical
investigations.

CONCLUSIONS

The interpretation of surface wave dispersion curves in Cen-
tral Northern Italy indicates a thicknening of the crust from
the direction Trieste-Olbia to Bolzano-Olbia. For each profile
two main structrual types are recognizable in the set of the ac-
ceptable solutions: one with low velocity material just under or
within a few km from the Moho and an other which do not ex-
clude an almost normal LID to a low velocity channel. The crustal
thickness along the three profiles ranges from 25 to 30 km in the
first case and from 30 to 35 km in the second.

A preference for the first type of model can be expressed on
the basis of earlier geophysical observations in the area which
seem to support the assumption of the presence of low velocity
material not far from the Moho.
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