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A b s t ract - M o re than 200 time histories of ambient noise have been re c o rded at 158
sites in the urban area of Catania. Among them, 144 sites are aligned along 15
p ro files crossing the most rep re s e n t at ive lithologies outcropping in the study area. Th e
s t a n d a rd Nakamu ra (1989) technique has been applied to compute the H/V
s p e c t ral ratio along these pro fi l e s , wh e re the upper- l ayer stru c t u re has been
re c o n s t ructed in detail using surface ge o l ogy surveys as well as data from ava i l abl e
wells. The ge o l ogical peculiarity of Catania is the presence of an ex t e n d e d, h i g h -
velocity lava cover of va rying thickness that fills a large part of the urban area; lowe r-
velocity sedimentary laye rs outcrop only in small windows in the nort h e rn part of the
t ow n , h oweve r, t h ey pre d o m i n ate in the southern part. In such a complex ge o l ogi c a l
s e t t i n g, the ap p l i c ation of the Nakamu ra technique provides results that do not
c o rrespond stri c t ly to the ex p e c t ation for usual hard and soft-site spectral shap e s .
M e a s u rement results have indicated that , in ge n e ra l , the H/V amplitudes do not at t a i n
l a rge values in the study are a : o n ly at 15 sites are the spectral peaks gre ater than 3
u n i t s , and this occurs pre d o m i n a n t ly on lava outcro p s , wh e re the maximu m
a m p l i fi c ation occurs between 7 and 10 Hz. This fre q u e n cy band is consistent with
we at h e ring processes of the lava fl ows. At soft sites the observation of signifi c a n t
amplitude (>.3) spectral peaks is limited to a few cases. The re c o rdings of six
b road-band stations laying on or near the selected pro files have been used for a
p re l i m i n a ry comparison between micro t remor results and amplifi c ations observe d
d u ring individual eart h q u a kes. The H/V spectral ratios are ge n e ra l ly similar fo r
m i c ro t remor and eart h q u a ke dat a , m i c ro t remor tending to undere s t i m ate the
amplitude of hori zontal ground motions of eart h q u a kes. But amplifi c ations at
s e d i m e n t a ry outcrops (with re fe rence to a massive lava site) can be significant duri n g
i n d ividual eart h q u a ke s , and in some cases include fre q u e n cy bands wh e re no
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t e n d e n cy to amplify was infe rred from the micro t remor H/V spectral ratios. Eve n
though this comparison needs more data befo re re a ching a stable concl u s i o n , a
p re l i m i n a ry analysis of eart h q u a ke data confi rms that caution is re q u i red in using
ambient noise for engi n e e ring purposes in complex and lat e ra l ly sharp ly va ry i n g
n e a rs u r face ge o l ogical stru c t u res such as those presented by the urban area of Cat a n i a .

1. Introduction

Eastern Sicily has a high seismic hazard. The seismicity affecting the area can be explained
by post-collision processes between the A f rican plate boundary and the Calab rian arc. Th e s e
produce a peculiar tectonic setting with regional scale structures that intersect to give rise to the
Mt. Etna volcano. The seismotectonic fe at u res of the area are illustrated by Scandone et al.
(1992) and more recently by Azzaro and Barbano (2000), who propose a revised seismogenic
model of southeastern Sicily. As a consequence of this tectonic setting, the contributions to the
seismic hazard of Catania and its suburbs are from weak and moderate magnitude (up to M.≈.4)
events due to the seismic activity of Mt. Etna and from larger earthquakes located to the south,
generated by the regional scale tectonic structures of the Malta-Hyblean escarpment. It is along
these structures that the most destructive events of the area took place, such as the 1169, 1542
and 1693 earthquakes whose intensities were equal to or greater than X. Moreover, the famous
1908 earthquake, in the Messina Straits, was felt in Catania with an intensity not lower than VII.
M o re re c e n t ly, the 1990 off - s h o re Augusta eart h q u a ke, in spite of its moderate mag n i t u d e
( M.=.5 . 5 ) , caused considerable damage with an intensity of VI in Catania. It is there fo re of
primary interest to evaluate the seismic response of the urbanized area from moderate to strong
seismic input, with particular attention to the effects that can occur on sites having topographical
and/or lithological conditions favo u rable to large local amplifi c ations of ground motion. Th e
eva l u ation of seismic scenarios for the area of Catania has been discussed by seve ral authors
(e.g. Faccioli and Pessina, 2000) and modelling of ground motion was performed using different
methodologies (Langer et al., 1999; Priolo, 1999, 2000).

This paper describes a detailed survey using ambient noise to predict potential variations of
the seismic response at the scale of hundreds of metres. In the area of Cat a n i a , m i c ro t re m o r
measurements have been performed since the late eighties (Cosentino et al. 1984; Lombardo,
1 9 8 5 , 1 9 8 7 ) , a n a lysing seismic noise with the Kanai and Tanaka (1961) and Katz (1976)
methodology. More recently, Giampiccolo et al. (1999, 2001) and Priolo et al. (2001) applied
the Nakamura (1989) technique for a preliminary evaluation of site response in some test zones
in Catania. We have applied the same methodology (Nakamura, 1989) recording microtremors
at a dense distri bution of measurement sites along fifteen rep re s e n t at ive pro files of the tow n .
The goal is to test to what extent microtremor H/V spectral ratios are sensitive to strong lateral
variations of nearsurface geology along profiles whose geological structure is mapped in detail.
Fi n a l ly, i n fe rences based on micro t remor measurements are compared with eart h q u a ke
recordings of broad band, high dynamic range seismological stations installed in the urban area
of Catania.



2. Geologic setting

The surface ge o l ogy of Catania is mostly ch a ra c t e ri zed by we at h e red lava fl ows. Th i s
s i t u ation is the result of seve ral Etnean fl ows that in both pre - h i s t o rical and historical times
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Fig. 1 - Geological map of the area of Catania.
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c ove red the area. The volcanic ro cks cove red and re - s h aped the ori ginal morp h o l ogy of the
s e d i m e n t a ry substratum that , at pre s e n t , o u t c rops only in small areas in the nort h e rn part of the
t ow n , wh e reas it pre d o m i n ates south of the urban area and in the alluvial plane of the Simeto rive r.

In order to get a re fe rence ge o - l i t h o l ogical map , ge o l ogical info rm ation from ava i l abl e
wells, surficial surveys and data from the literature were gathered (Kieffer 1971; Catalano et al.,
1998; Monaco and To rt o ri c i , 1999). A revised ve rsion of the pre l i m i n a ry map presented by
Azzara et al. (1999) is shown in Fig. 1. This map includes additional checks of the previous data
and new ge o l ogical observations. The peculiar ge o - l i t h o l ogical fe at u re of the area is the
c o m p l ex litho-strat i graphic sequence fo rmed by soft sediments interbedded between a cl ayey
basement (bedrock) and upper volcanic layers composed of lava flows and pyroclastics.

The lowermost levels that characterize the area are a Lower-Middle Pleistocene succession
with about a 600 m thick layer of grey-blue marly clays. These clays include thin layers of fine
sands that became more fre q u e n t ly interbedd e d, gra d u a l ly grading to a sandy cl ay fo rm at i o n
upward.

A sandy formation, several tens of meters thick, unconformably lies upon the sandy clay.
The sands are rich in quartz and often include silty layers. In some localities in the surveyed
area they also include tuffitic and pumice layers with thickness of a few metres. Intercalations of
gravels and conglomeratic lens are often observed especially in the topmost, part of the sandy
formation. The gravels and gravely sands constitute the higher part of the sedimentary lithology,
and are composed of pebbles of poligenic origin, having a diameter ranging from a couple to
about twenty centimetres. They are terraced in some cases while sometimes are etheropic with
the sands. We did not investigate this difference in sedimentary formations in detail since we are
more interested in the lithological variability of the different terrains present in the Catania area.
Similar considerations pertain to the alluvial deposits as we l l , wh i ch are sep a rated into two
classes only, t e rraced or loose alluvium. Loose alluvium is more unconsolidated and thinner
than terraced alluvium.

The lava flows that overlay the urban area are generally of basaltic type, often formed by
a l t e rn ating massive lavas and more or less we at h e red scoriae leve l s , ch a ra c t e ri zed by an
ex t re m e ly va ri able thickness of both lithologies. A detailed description of pre h i s t o ric and
h i s t o ric lava fl ows in the area of Catania is given by Sciuto Patti (1872) who perfo rmed a
“geological survey” when the area was not heavily urbanized as it is at present. Due to the focus
of the present study, we were not concerned with the exact temporal sequence of the flows or to
their composition, but our goal was rather to discri m i n ate the we at h e red and/or scori a c e o u s
lavas, called altered lavas, from massive lavas. However, this was not an easy task and we have
tried to make this classification by assembling information from a visual survey of both natural
and man made scarp s , and by collecting descriptions of surveys made by other authors
(Catalano et al., 1998; Monaco and Tortorici, 1999; Monaco et al., 2000). It is also important to
realize that, due to the different ways the lava can flow and cool over the existing morphology,
the youngest lavas are not always fresh and compact. As a consequence of this, the classification
adopted in the map is not always unique and, as is described lat e r, some further tests have
been made in order to find an ex p l a n ation for the results obtained from the micro t re m o r
measurements on lavas.
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Also, horizons of several meters thick detritus outcrop in different zones of the study area.
I n t e n t i o n a l ly, we have mapped as the same unit, slope detri t u s , a rch a e o l ogical mat e ri a l s , a n d
ruins of buildings struck by the last destructive earthquake of 1693.

3. Methodology

Seismic site response can be assessed in diffe rent ways. The ex p e rimental methods using
e a rt h q u a ke data are used in areas with sufficient seismicity; an altern at ive ap p ro a ch is nu m e ri c a l
modelling of idealized situations. Among the fo rmer methods, the spectral ratio technique is ve ry
popular using either a re fe rence ro ck station or taking the hori zo n t a l - t o - ve rtical component rat i o .
In recent times many authors have demonstrated that the H/V spectral ratios from micro t re m o r
m e a s u rements are consistent in shape with H/V spectral ratios from eart h q u a ke re c o rd i n g s , a n d
with eart h q u a ke spectral ratios using a re fe rence bedro ck station (see Bard, 1 9 9 9 , for an ex h a u s t ive
rev i ew in this issue). Even though there is no unanimous agreement about a theoretical ex p l a n at i o n
of the observed similarity (Bard, 1 9 9 9 ) , the use of ambient noise is ve ry at t ra c t ive because it is
both fast and ch e ap. More ove r, m a ny pap e rs (Arancio and Lombard o , 1986; Koyama et al., 1 9 9 6 ;
L a chet et al., 1996; Seo, 1998) have shown that sites wh e re amplifi c ations of damage occur duri n g
e a rt h q u a kes are also often ch a ra c t e ri zed by an increase of the micro t remor amplitude on the
h o ri zontal components. For these re a s o n s , the H/V spectral ratio of micro t re m o rs (the Nakamu ra
t e chnique) is widely used for micro zoning and engi n e e ring purposes. The best perfo rmance of the
method is ach i eved when there is a strong velocity contrast between the bedro ck and the soft upper
l aye rs. More ove r, the fe at u res of the laye ring of sediments itself stro n g ly affect the fre q u e n cy band
and the shape of the dominant peaks in the H/V spectra (Fäh et al., 2001). Because of its
s e n s i t ivity to spatial va ri ations of nears u r face ge o l ogy, the method is part i c u l a rly at t ra c t ive in
urban areas wh e re the nat u re of the outcropping ge o l ogical units is masked by anthro p i c
i n t e rvention on the surface ge o l ogy and city grow t h .

We have applied the conventional Nakamu ra (1989) technique in the urban area of Cat a n i a .
M o re than 200 time histories of micro t re m o rs have been re c o rded at 158 measurement sites.
Among them, 144 are aligned along 15 pro files. These pro files we re chosen in order to satisfy the
t wo fold purpose of crossing many measurement sites and to re flect the most rep re s e n t at ive
l i t h o l ogical and stru c t u ral fe at u res of the study area. Measurement sites had an ave rage spacing of
a few hundred metres. Time histories of ambient noise we re re c o rded using a thre e - c o m p o n e n t
1-Hz Mark L4C 3-D seismometer connected to a 12 bit analog - t o - d i gital conve rter and a PC
n o t ebook. Sampling fre q u e n cy was 100 Hz, t wo antialiasing fi l t e rs cut higher frequencies with a
10 db/oct slope. The response curve of the three components was estimated through the output-to-
input ratio using sinusoidal vo l t age inputs in the fre q u e n cy ra n ge 0.1 to 12 Hz.

At each site eight time series were recorded of 60-s length. The time series were base-line
corrected in order to remove spurious offsets and low-frequency trends. After the application of
a 10% cosine-tapered window, a Fast Fourier Transform algorithm was applied to obtain spectra
in a fre q u e n cy band 0.5.-.15 Hz. The lower limit of 0.5 Hz was assessed through the low -
frequency cut off where the microtremor standard deviation becomes equal to the natural noise
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fluctuation of the 12-bit digitizer. Amplitude spectra of the three components were corrected for
their instrumental re s p o n s e. For each time history the amplitude spectrum of the hori zo n t a l
components was divided by the vertical component spectrum. A running smoothing function of
0.1 Hz was also used, both on the spectra of each single component and on the final ratio, to
reduce spectral fl u c t u ations. Fi n a l ly, the arithmetic ave rage operation provides the mean H/V
spectral ratio at each measurement site.

The stability of the adopted processing method was checked by changing the length of the
windowed time series (a single time series of 8 minutes or 8 time series of 60 s each). Figs. 2a
and 2b depict an example of this test, respectively. No significant differences can be observed in
the spectral shapes. Similarly, n eg l i gi ble diffe rences are found by dividing the ari t h m e t i c
ave rage of the hori zontal-component spectra by the arithmetic ave rage of the ve rt i c a l -
component spectra (Fig. 2c). The standard deviation evaluated for H/V spectra at clayey sites
p roduces spectral fl u c t u ations of ±.0.5 units, a round mean amplitude values not exceeding 2

Fig. 2 - Examples of H/V spectral ratios obtained through different methods of analysis: a) spectral ratios obtained by
processing a single 8-min time history; b) spectral ratios obtained by averaging the H/V ratios over 8 time histories of
6 0.s each; c) spectral ratios obtained dividing the ave rage hori zontal component spectrum by the ave rage ve rt i c a l
component spectrum, the average being made over 8 time histories of 60.s each. The mean spectral ratio is the dark
curve; in (b) and (c) the upper and lower light curves represent the ±.1 standard deviation interval.

26b Clays (single time series 8 min.)

26b Clays (8 time series 60s)

26b Clays (8 time series 60s)

a)

b)

c)
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units (see the example in Fig. 2). Based on these fluctuations only spectral peaks higher than 3
units were taken into account as statistically significant.

4. Results

Since noise measurements in Catania were made in densely urbanized areas, the preliminary
s t ep of our analysis was devoted to a test eva l u ating to wh at extent the presence of nearby
buildings could affect micro t re m o rs in the study area. Th ree tests we re made around tall
buildings. One building is five - s t o ries tall and is built on massive lavas; the second one is
nine-stories tall and is built on a clay formation; the third building is four-stories tall and is built
on grave l ly sands. These lithologies pre d o m i n ate dow n t own Catania. In Fi g. 3, t h e

Fig. 3 - H/V spectral ratios on reinforced-concrete buildings: a) f ive-stories tall building founded on massive lavas
(site 32m in Fig. 1); b) nine-stories tall building founded on consolidated clays (site 55m in Fig. 1). c) four-stories tall
building founded on grave l ly sands (site 38b in Fi g. 1). Cellar and Te rrace indicate the H/V spectral ratios fro m
m e a s u rements perfo rmed in the lowest and highest part , re s p e c t ive ly, of each bu i l d i n g. The thick curve is their
spectral ratio: the peak indicates the natural frequency of buildings. The panels on the right-hand side show the result
of measurements perfo rmed at increasing distance outside of bu i l d i n g s : t h e re is no evidence of soil-stru c t u re
interaction even at small distances.
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m e a s u rements perfo rmed inside the three buildings (on the left hand side) and at incre a s i n g
distance from the buildings (right hand side) are shown. The three components of motion were
re c o rded in the lowest floor of each building (cellar) and in the highest part (terrace). Th e

(H/V) terracenatural frequency of the two buildings was assessed through the ratio –––––––––––– (thick curve
(H/V) cellarin Fig. 3).

In the three cases of Fi g. 3 the nat u ral period of buildings does not signifi c a n t ly
c o n t a m i n ate the ground response in the surrounding area. Measurements we re perfo rm e d
installing instruments at increasing distances perpendicularly to the larger side of each building.
Independently of the terrain lithology, measurement results show dominant peaks significantly
d i ffe rent from the bu i l d i n g ’s nat u ral frequencies (Fi g. 3). This suggests that soil-stru c t u re
i n t e raction does not affe c t , at least in these observat i o n s , the peak response at sites. Th i s
observation is particularly important since the microtremor data recorded in the historical part of
Catania could have been affected by interference of surrounding man-made structures. However,
all measurements inside buildings were performed in the lowermost structural level and, when
available, inside cavities at archaeological sites (e.g., underground circle of the Roman theatre,
catacombs of ancient churches, Roman and Greek age thermae). The resulting microtremor H/V
s p e c t ral ratio along the selected ge o - l i t h o l ogical cross-sections are plotted in Figs. 4-7. Th e
fifteen profiles were reconstructed on the basis of the geological data used to draw Fig. 1, with
the addition of information about the layer thickness obtained from available well data. Figs. 4-7
do not show evident strong diffe rences in the H/V spectral ratios within the urban area. Th e
m i c ro t remor H/V spectral ratios at sites located on cl ay, wh i ch constitute the bedro ck of the
a re a , s h ow pra c t i c a l ly a fl at shape in the fre q u e n cy band 2-10 Hz. Surp ri s i n g ly, a similar
behaviour is observed even for many sites located on the sandy clay lithotypes as well as on
sand and gravel. In the same fre q u e n cy band, 27 sites show an H/V amplitude equal or
higher than a threshold of 3; the largest part of them is classified as detritus, terraced alluvial,
and both massive and weathered lava. Amplifications usually are in the frequency band from 6
to 10 Hz.

5. Interpretation of results and comparison with earthquake data

The general features of the microtremor measurements in the urban area of Catania indicate
a complex situation. However, some systematic behaviour can be recognized.

Fi rs t , the ge n e ral tendency of sites on massive lavas is not to show part i c u l a rly enhanced
frequency peaks (sections H-H', M-M', N-N', O-O' and P-P’), however contrasting effects are
observed in other sites having an apparently similar lithology (see sections B-B', F-F', L-L' and
Q - Q ' ) , wh e re a tendency for amplifi c ations to peaks of near 6-7 Hz is observe d. To furt h e r
investigate this ambiguity microtremors were recorded at natural or man-made scarps, where it
was easy to identify the presence of either massive or weathered lavas. The results (e.g., see Fig.
8) confirm that massive lavas are characterized by a substantially flat H/V spectrum as expected,
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Fig. 4 - Geo-lithological cross-sections of profiles AA', BB', CC', and DD' (Fig. l) and resulting H/V spectral ratios at
measurement sites.
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Fig. 5 - Geo-lithological cross-sections of profiles EE', FF', GG', and HH' (Fig. 1) and resulting H/V spectral ratios at
measurement sites.
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Fi g. 6 - Geo-lithological cross-sections of pro files II', M M ' , and OO' (Fi g. 1) and resulting H/V spectral ratios at
measurement sites.
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Fig. 7 - Geo-lithological cross-sections of profiles LL', NN', PP', and QQ' (Fig. 1) and resulting H/V spectral ratios at
measurement sites.
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Fi g. 8 - Examples of H/V spectral ratios obtained from micro t remor measurements perfo rmed in test sites wh e re
massive or weathered lavas are unequivocally identified.
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whereas the spectral ratios on weathered lavas show amplifications in the frequency band 6 to
10 Hz. Moreover, data from available mechanical sounding and down-hole measurements show
that in areas mapped as massive lavas at the surface, lack of velocity homogeneity, indicating
buried weathered lavas, is frequently observed (Fig. 9b). This observation supports the need for
a mu l t i d i s c i p l i n a ry ap p ro a ch including both surficial ge o l ogical surveys and ge o p hysical and
geotechnical measurements.

At soft sites, amplification of the microtremor H/V spectral ratios tend to be smaller than
those usually rep o rted in the literat u re for similar soils. The only ex c eptions are observed in
sites located on detritus (sections DD', G G ' , and HH') wh e re amplifi c ations in the fre q u e n cy
range 7.-.8 Hz are found, and on terraced alluvial (sections EE', FF', and OO'), where there is a
tendency to amplify at 2 Hz and 8.-.10 Hz. However, in this study soft site measurements were
not perfo rmed in alluvial va l l eys or similar situations with a high impedance contrast. Th e
available downhole data (Fig. 9a) indicate that shear-wave velocities range from 300 to 500 m/s
f rom the top of the sedimentary sequence (gravel) to the uppermost part of the cl ayey
basement. A moderate impedance contrast of sand and gravel deposits with respect to the
basement clay formations may lie hypothesized as a possible explanation for the diffuse low-
amplitude H/V spectral ratios at soft sites.

Another interesting feature, that is common to several H/V spectra, is the amplification in
the range of frequencies between 1 and 2 Hz. It is particularly evident in almost all of the cross
sections in the southern part of the studied area (AA', BB', II', PP'), where sedimentary layers
are extensively present.

A final test is based on the comparison between microtremor and earthquake recordings. In
the framework of an agreement between INGV and the Department of Geological Science of the
University of Catania, ten sites were instrumented with broad-band seismometers in the urban
area. Six of them (see Fig. 1) lie along or near the profiles investigated in this study. Stations 1,
2, 3, and 5 are located on sedimentary formations while station 4 is sited on lava and pyroclastic
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materials. Station 6, located on massive lavas overlaying the clay formation, was chosen as the
reference site.

The continuous re c o rdings of the permanent stations are used both to va l i d ate the
microtremor results at nearby measurement sites along the profiles and to compare earthquake
with microtremor results.

In Fig. 10 the results obtained through the analysis of microtremors recorded by portable
stations, using short duration (8 min) measurements (red curves), are compared with the H/V
s p e c t ral ratios ave raged over a 1-day micro t remor acquisition at the permanent stations. Th e
black and blue curves represent the upper and lower bound of 1 standard deviation around the
mean spectral rat i o , re s p e c t ive ly. In ge n e ra l , m oving and permanent station measure m e n t s
provide similar microtremor results and do not show systematic variations that could be related
with the receiver type, measurement duration, and processing algorithm. The small differences
t h at are observed for stations 1 and 5 can be ascribed to the diffe rent smoothing betwe e n
s p e c t ra of port able stations and spectra of permanent ones. The high fre q u e n cy behaviour of
station 5 is probably due to the large distance (300 m, approximately) between the permanent

Fig. 9 - Stratigraphy and down-hole in situ measurements of P and S wave velocities in two wells: a) sedimentary
formation, b) lava flow.
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Fig. 10 - Microtremor H/V spectral ratios estimated at fixed stations (numbers from 1 to 6 refer to the location of
s t ations shown in Fi g. 1) compared with moving station micro t remor measurements. The blue and bl a ck curve s
represent ±.1 standard deviation of the mean spectral ratio averaged over a 1-day acquisition; red curves are relative
to 8-min measurements.

station and the moving measurement site. This station is sited on gravelly sands. This lithotype
is characterized by a pronounced lateral heterogeneity, and this can significantly affect the shape
of the H/V spectra. However, the generally good agreement suggests stability of the results that
are presented in Figs. 4-7.

In addition to the permanent station microtremor results, H/V spectral ratios computed from
earthquake recordings are plotted in Fig. 11. These curves (red lines) are from the average over
two earthquakes that had the best signal-to-noise ratio at each station. Three of the fixed stations
(n..1, 3, and 6) show a fairly good agreement between microtremor and earthquake H/V spectral
ratios. For the remaining stations the disagreement is limited to specific frequency bands: for
i n s t a n c e, at station 5 the micro t remor trend is substantially fl at while the H/V spectral rat i o
shows a pronounced peak around 3 Hz when earthquake data are used. A larger disagreement
with microtremor results is found when the horizontal component spectra of stations 1 to 5 are
divided by the horizontal component spectrum of station 6 that is used as the hard-site reference
station. These conventional reference-station spectral ratios are shown as green curves in Fig.
11. This figure indicates that sedimentary formations and lava-pyroclastic terrains have ground
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motion amplitudes during earthquakes that are systematically larger than those of the massive
lava reference site. Only at station 3 is the frequency band of earthquake amplification fit well
by microtremors, with a spectral ratio larger than 3. A rough similarity between the earthquake
amplification and microtremor H/V spectral ratios is found for station 1 but the peak frequency
has shifted from 2 to greater than 3 Hz. For station 4 there is a fair agreement in shape but the
m i c ro t remor H/V spectral ratio only attains a factor of 2, t h at is less than the stat i s t i c a l
significance. For stations 2 and 5 microtremors do not predict any amplification. Both these sites
are on gravelly sands, that are not characterized by a high velocity contrast and do not represent
the optimal conditions for the ap p l i c ation of the Nakamu ra technique (see also Fäh et al.,
2001).

Of cours e, s u ch a pre l i m i n a ry eart h q u a ke data analysis is not enough to get stabl e
conclusions about the earthquake shaking effects and decide to what extent sediments amplify
or lavas deamplify. However, we have verified that the earthquake amplification observed in the
spectral ratios at stations 1 to 5 are not due to spectral holes of the reference station, confirming
the presence of peaks in the horizontal component spectra, at the five analyzed sites.

Fig. 11 - Microtremor H/V spectral ratios estimated at fixed stations (the blue and black curves represent ±.1 standard
deviation of the mean spectral ratio averaged over a 1-day acquisition) are compared to earthquake H/V spectral ratios
(red curves). For stations from 1 to 5 spectral ratios referred to a massive lava site (station 6) are overimposed (green
curves).
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6. Conclusions

M i c ro t remor H/V spectral ratios have been computed along 15 pro files crossing the most
rep re s e n t at ive lithologies of the urban area of Catania. The ave rage spacing betwe e n
measurement sites was a few hundred metres.

After a careful reconstruction of the 2D geological structure beneath the selected profiles, an
attempt has been made to interpret variations of microtremor H/V spectral ratios in terms of the
local site geology. The experimental results indicate that, in general, the correlation of spectral
shapes with nearsurface geology is poor since it is not always able to separate the geology on
the basis of a rough classification into two (hard and soft) site categories. This can be interpreted
as a consequence of the moderate shear wave velocity contrast between soft sedimentary
formations and the clayey basement. Even though there is a tendency for lava sites to have H/V
s p e c t ral ratios around unity, in many cases a significant amplifi c ation is observed in the
f re q u e n cy band between 7 and 10 Hz. This observation is independent of ge o m e t ry, age and
chemical composition of the lava flows, but is systematically found when the upper lava layers
h ave a high perc e n t age of interbedded scoriaceous levels. In contra s t , at soft sites the
microtremor H/V spectral shapes do not frequently produce peaks that are greater than 3. Only
at sites located on detritus and terraced alluvial, a tendency to amplifications in the frequency
range 7.-.10 Hz is observed.

As a ge n e ral concl u s i o n , it seems that the Nakamu ra technique has to be care f u l ly tested
before intensive applications for microzoning purposes and engineering studies in the urban area
of Catania are made. At a ve ry pre l i m i n a ry step of the analy s i s , a comparison with re s u l t s
obtained from individual earthquake recordings indicates that large variations of the horizontal
ground motion can occur between sites that differ by no more than a factor of 2 in the
m i c ro t remor H/V spectral ratios. Howeve r, a mu ch larger number of eart h q u a ke re c o rds is
needed to reach stable conclusions.
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