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Abstract

In recent years, the recovery of some historical documents has permitted us to operate the seismographs used by
Alessandro Serpieri (1823-1885) at the Observatory of the University of Urbino in the XIX century. The space-
time concept of sensor network was already clear to Serpieri and he tried to apply this concept to the analysis of
seismic phenomena in ltaly. This paper reviews the history of the Urbino Observatory from Serpieri’s age to
present times. The historical region of Montefeltro, where Urbino is the main town, is affected by seismicity with
typical magnitudes between 2.2 and 2.5. Most of these events occur in the upper 15 km of the crust. The seismicity
of the neighbouring regions is mainly concentrated in three zones: Northern Rimini, the Apennine belt and the
Sibillini Mountain arca. From the overall data, it is possible to infer that there is a basin characterised by
microscismicity and essentially dominated by a compressive tectonic regime in the Montefeltro area. Furthermore,
seismological data seem to show a «quiet» segment, separating the extension area from the compression area,
characterised by a low concentration of seismic events.

Key words  seismicity — Montefeltro — seismological
data — Urbine Observaiory

1. Introduction

An overall seismic or geodynamic interpre-
tation of the Central-Northern Apennines is dil-
ficult, the latter being characterised by complex
structures which cannot be defined in the form
of a simple, standard model. From the XIX
century to the present day, many attempts have
been made to explain the cvolutionary stages
behind the present tectonic structure. The most
recent reconstructions interpret the Apennine
belt according to the accretionary wedge model
(Treves, 1994; Vai, 1994),
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The present paper reviews the history of
seismological observations in Urbino, from
Serpieri’s age to the present day. This study is
oriented towuards the definition of Montefeltro
seismicity.

The amount of data and information increased
notably over the years and, above all, with the
development of better processing systems and
techniques.

2, Seismology in the XIX century

The study of earthquakes in XI1X century in
Italy was not only aimed at the study of the
seismic paroxysm, an exceptional and destruc-
tive event, but also at examining those move-
ments, called microseismic, which could not be
perceived by the human senses. This was a purely
Ttalian field of study.

Many accurale observations on the move-
ment of level bubbles were carried out by Mr.
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D’Abbadie from 1837 in Brazil, Abyssinia and
in France, in which he noted that the Earth’s
surface is subject to slow small oscillations, and
consequent variations of the vertical. Mr. Planta-
mour, 1878, repeated these experiments in Swit-
zerland and obtained similar results (Serpieri,
1850).

InItaly, in 1855-1856, Canon Parnisetti [rom
Alessandria carried out numerous experiments
on the small spontancous movements of pendu-
lums. Nonetheless, those observations remained
isolated and largely unknown until 1870 when
Father Bertelli, after observing a simple pendu-
lum seismometer, noted that there were many
oscillations in the absence of any earthquake
tremors. To be certain that those small move-
ments of the pendulum were really ol seismo-
graphic origin, he tried to eliminate any cause of

Fig. 1. Bertelli’s tromometer, from his original
drawing (Ferrari, 1991).
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error by isolating the pendulums in order to
protect them from vibrations not inherent to
seismic movement. Furthermore, in his obser-
vations of pendular movements he used a mi-
croscope with a metric scale in the eyepiece,
Bertelli’s first instrument invented for observ-
ing not only perceivable earthquakes but all the
microscopic movements of the Earth, was called
a «Tromosismometro» (fig. 1).

With the «Tromosismometro» Father Ber-
telli observed not only the minimum oscillaticn
movements and the instantaneous jump of the
pendulums, but also the slow upheaval and down-
heaval of the Earth’s surface, shown in the move-
ment of the vertical.

Figure 2 shows a few examples of recordings
ebtained by Bertelli’s tromometer in 1872, and
thus the first observations. The dominant period
of the signals is in the order of hours and the
episodes often follow one another with a more
than daily occurrence. Maximum dimensions
are of 100 prad.

Following the first observations by Parnisel-
ti, Bertelli, Monte, De Rossi, etc., many other
Italian seismologists started microscopic obser-
vations. Bertelli and De Rossi together designed
and built a Normal Tromometer that was adopt-
ed by all the abservatories in the various micro-
seismic stations, thus making the observations
casier to compare. They suggested, for example,
that the pendulum was to be 1.50 m in length
and weigh 100 grams. Lastly. onc must mention
the observation made by many Italian seismol-
ogists who stated that perceivable earth tremors
are usually preceded by extraordinary micro-
seismic activity and specifically by vertical
movements (Serpieri, 1854).

3. Serpieri’s seismograph

The eldest son of a large family, Alessandro
Serpieri was born in 1823 at San Giovanni in
Marignano, a few kilometres from Rimini. He
received the first rudiments of his education at
home and later attended school in Rimini where
he obtained excellent results. In view of this, his
father took him to Urbino, where he studied
under the religious order of the Piarists, whose
school had been founded in 1699 by Pope
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Fig. 2. Tromometric curves obtained by Bertell: (Dragoni, 1991).

Clement XI, also from Urbino. The school, orig-
inally assigned to the Piarists of the Province of
Rome, came under the jurisdiction of the Prov-
ince of Tuscany in 1831,

In 1838, at the age of 15, Serpieri left Urbino
to continue his education in Florence, again at a
Piarist school. The first period of training for
young people following the Piarist educational
system was carried out in quiet solitude in a
house near Florence. On completing this train-
ing at the end of 1840, Serpicri went to the
Specola Ximeniana, at St. Giovannino, where
he immediately started his scientific studies,
which were to continue for a period of three
years.

Finally, in 1843 Serpieri began his teaching
carcer. The chair of Mathematics and Philoso-
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phy at the Tolomei College in Siena, considered
1o be one of the foremost in laly, became vacant
and was assigned to Serpieri, despite the fact
that he was only twenty years old at the time. In
the meanwhile, in 1846, the chair of Physics
and Philosophy had become vacant at Urbino
and was temporarily assigned to Serpieri. Two
months later, confirmation of the position ar-
rived from Rome in the form of a decree dated
19th January 1847. Therefore, at only Lwenty-
three years of age, Serpieri became University
Professor of Physics, a position which he held
until 1884,

Serpieri designed his seismograph on the
basis of his experience. The pendulum consist-
ed of a long wire 135 cm in length with a ball on
the bottom which had a vertical point on the



Fig. 3. Serpicri’s scismograph, as described in a
memory of [873.

lower side, slightly touching a layer of Iycopo-
dium dust (fig. 3).

A horizontal circle is concentric to the ball.
This is made of a thin metal sheet fixed on many
small columns fixed in a marble surface, cov-
cred in a layer of lycopodium dust. The circle
has a diameter of 32 cm and the ball 10 cim.

The upper rim of the circle is about 4 ¢m
higher than the equator of the ball. There are
small recesses on that circle, 15 mm deep, semi-
circular, in directions going [rom N-5, W-E and

in the intermediate points. Around the equator

of the hall there is a ring made ol metal wire.
Four or eight small metal bars rest their ends on
this equatorial ring. Near the other ends they
rest in the recesses in the circle around the ball,
jutting out to a large degree from the same and
remaining more or less horizontal.

Therefore if the Earth moves from W to E,
the bar resting on the W recess falls out, pulling
along and then rotating on the edge of that
recess. In the same way the side bars of N and S
fall inwards as the resting point on the equatorial
ring of the ball has been removed. In this way,
the bar which has fallen out, will indicate the
direction of the first wave. Furthermore, it will
be possible to read the tracks left by the point
attached to the ball from the powder underneath.
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The time of the shock is given by a small
pendulum clock connected to one of the bars and
placed in front of the apparatus. In this way, the
clock indicates only the time that has passed since
the first shock. Itis necessary to subtract this time
interval from the real time to obtain the correct time.

From the information supplied by Serpieri
himself (Serpieri, 1879), we know that this in-
strument was located in a niche dug into a large
wall, many metres high, built on the land of the
«Collegio dei Nobili» in Urbino, and the instru-
ment was protected by glass doors. To date this
instrument has never been found.

Two other instruments were more [ortunate.
These were used by Serpieri at a later date than
the one previously described. These are a proto-
seismograph designed in 1875 by the seismolo-
gist M.S. De Rossi and a recording seismograph
designed and built around 1882 by Achille Sca-
teni, assistant to the Cabinet of Physics at the
University of Urbino (see fig. 4).

From what can be seen from various studies,
including those by Serpieri on buildings or
monuments in Urbino, earthquakes, at least the
stronger ones, always shake the Earth in the
same direction.

Observations covering 23 years show that,
out of 100 earthquakes, 33 have directions cov-
ering the line NNW (o SSE and the remaining
67 fall near the line WSW-ENE and what is
more, the two lines are perpendicular one o the
other, as set forth in the theory.

Examining all the small and large earthquakes
recorded from 1850 to 1873 Serpieri obtained
the data shown in table I.

As a result, certain walls in buildings in
Urbino are cracked and others perpendicular to
those are intact, and vaulted ceilings become
disconnected due to undulations perpendicular
to their axes.

4. The 12th March 1873 earthquake

An important seismological analysis was
made by Serpieri with a study of the 12th March
1873 earthquake, whose epicentral zone was the
Southern Marche area and the epicentral inten-
sity was between VIII and 1X degrees on the
Mercalli scale.
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Fig. 4. Scateni’s seismograph, for horizontal
oscillations (photo by R. Persi).

Serpieri wrote the following (Serpieri, 1873a):
«ll giormo 13 Marzo, quando ancora ['impres-
sione lasciata dallo strepitoso fatto era vivissi-
ma in tutti e le sue particolarita erano argomen-
to dei comuni discorsi, mandai una circolare ai
primari nostri Osservatorii e a molti distinti
professori, pregandoli di precise risposte a una
breve serie di quesiti che credelti pitt oppoituni
per giungere a fissare gli elementi principali del
fenomeno. Ben presto, fuvorito dalla gentilezza
di tutti, mi trovai in possesso di imolte ben fatte
relazioni. Queste prime relazioni mi suggeriro-
no nuove riceiche, e mi fecero conoscere che
alcuni dati, massime quello dei tempi, erano
hen difficili a stabilirsi con certezza, e richie-
devano nuove pazienti indagini. D'altro canto
io vedeva bene che senza avere giustamente
stabilito in che ora e a che minuto preciso il
terremoto wraversava le varie stazioni, non si
sarebbe mal giunti a formarsi un esatto criterio
sull’andamento del fenomeno.» («On 13th March,
when the thunderous event was still fresh in
everyone's minds and every detail was being
discussed by all, I sent a circular to our leading
Observatories and to many distinguished pro-
fessors, asking for exact replies to a short serics
of questions which I thought most opportune to
establish the principal features of the phenome-
non, Favoured by the kindness of all concerned,
I was soon in possession of many well-written
reports. These first reports gave me ideas for
new research and informed me that some data,
especially those on the times, were difficult to
establish with certainty and required patient new

Table L Earthquakes recorded from 1850 to [873 by Serpieri (Gambuti. 1990).

P-wave direction

Number of events

Legenda
) Shocks from S o
Shocks from SSW
Shocks from SW to
Shocks from WSW  to
Shocks from W to
Shocks from WNW  to
Shocks rom NW to
Shocks from NNW to

N 8 outof 100
NNE 0 outof 100
NE 38 outof 100
ENE 4 outof 100
E 25 outof 100
ESE 0 outof 100
SE 25 outof 100
?S]:, 0 outof 100
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studies. On the other hand, [ could well see that
without having rightly established at what hour
and what exact minute the earthquake had struck
the various stations, we would never have been
able to formulate an exact criterion as to the
trend of the phenomenon.»).

Having stated this fundamental fact, Ser-
pieri once again invited observers to clarify the
hour and minute in which the earthquake was
noticed, in order to know for certain whether
the time given referred to real time, average time
of the area or average time in Rome (Serpieri,
1873b).

A general outline analysis of the earthquake
is shown below, consisting of two tables: table
II is an organisational chart of the latitudes of
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the towns hit by the carthquake, table 111 shows
matters concerning an analysis of the earth-
quake.

The space analysis in the tables justifies the
fact that above the latitude of Florence there is
no longer a direction to the shock. Instead all
the stations along an area going from Velletri to
Florence experienced two distinct earthquakes
one after the other, of apparently different ori-
gin. The directions noted and dated indistinctly
in the shocks in the area of Velletri-Florence,
without specifying whether this refers to the
first or second shock, ie. the two directions
being perpendicular, are evident and definite
along the entire line. This means that, of the two
carthquakes experienced in some places, either
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Table II. Locations hit by the 12th March 1873 earthquake (Serpieri,
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1873a).
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Fig. 5. Seismographic chart of the 12th March 1873 earthquake, from Serpieri’s studies (photo by R. Persi).

ene or the other was also noted in the interme-
diate areas. Furthermore it can be stated that the
shock occurred around the axis of the peninsula
and was concentrated along the axis itself.

The time analysis of the tables clearly shows
that the clocks in the central area sheook. on
average, 3 min before those in the lateral areas
and it is as if the earthquake in the central axis
ol the peninsula branched out to the sides.

This space/time analysis which Serpieri re-
corded of the earthquake on 12th March [8§73
was a superb demonstration of the De Rossi
theory, as shown by the graphic representation
ol the seismographic chart in fig, 5.
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5. Instrumental recent developments
in the Montefeltro area

The FB9 seismographic station installed
at Cesane near Urbino in 1995, initially with
the vertical component only, was the result of
collaboration between the University of Urbino,
Institute of Physics and the National Institute
of Geophysics (ING) at Rome. This station is
part of a network scattered throughout the
national territory operated by ING with the
purpose of monitoring and recording seismic
phenomena in the interests ol research and civil
defence.



To ascertain that the system undertook a
speedy acquisition and an accurate reproduc-
tion of seismic waves, particular attention was
paid to the collection of data, used, not only in
the formulation of statistics, but above all in the
interpretation of tectonic phenomena underway
and the study of the structure of the Earth’s
crust.

This necessity has led to the adoption of an
A/D data collection systemn which is fast, with a
high resolution (80000 readings/s and 12 bit
resolution) and able Lo store a large quantity of
data on the main memory of a PC as well as
being able to view all seismic events transmitted
by the station in real time.

An automatic method of continual monitor-
ing over the twenty-four hours has been sct up
to detect seismic events, determine the magni-
tude and record on file. The data is stored in the
form of files which can be copied onto floppy
disks, ready for processing by the user.

The choice of a system most suited to our
requirements was made on the basis of careful

Monteleltro seismicity: from Serpieri’s seismograph to the RSNC seismograph station

documentary research, with particular attention
to software available and the hardware neces-
sary Tor the development of the various applica-
tions. The objective was to have flexible, simple
software available which could also be used by
people with no programming experience.

Since December 1997 the Cesane seismo-
graphic station has been equipped with two fur-
ther sensors (two horizontal components) hav-
ing a frequency band from 0.1 Hz to 1.1 Hz. As
aresult it is now possible to collect a quantity of
data that, when properly processed, will be of
considerable help in achieving a better under-
standing and a more in-depth analysis ol seis-
mic phenomena.

6. Instrumental data analysis

Historical and instrumental data on seismic-
ity in the Montefeltro area are considered. It is
well known that the use of historical data in-
volves considerable problems, largely connect-

180 - o ,

160 0 - ;—- . et

rer B !

R |

140 g % m:ﬂn:iHW b e e - o e .

m 3 %) ‘.l i

[x] 120 e e R ot

sl i

% 0 R o o L e i e e Rt o St S e e e e e i e m:

Z B ;

= 8 ot i it i

% s o o |

E 60 «ﬂ o et ——I e

% £ RS R o 5

NEAEARE R

2] —‘{_" ‘—-!‘ 0 o ..“.z‘ !"‘ & —-i ﬁ”?—i 1‘”1 —-rf“ﬁ a

o_u : s N D 151 :I Hrl ] 1 kA H_ :_] | B e - PR
MAGNITUDE
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ed to their strongly subjective nature, the diffi-
culty in locating and differentiating real and
apparent epicentres, or the assessment of effects
and damage caused by an earthquake.

Instrumental data (from 1990 to 1996) were
extracted from the Italian Seismic Data Bank
which stores data of events recorded from 1986
by the National Centralised Seismic Network
(RSNC), in which «FB9» is the Urbino station of
approximately 85 stations distributed nation-wide.

The statistical analysis of instrumental data
foresees dividing the events distributed in class-
es of magnitude. The analysis indicates that the
North-East Apennine area is marked by fre-
quent microseismicity.

Relative to the bar chart of division in ac-
cordance with class of magnitude with variation

of 0.1 (fig. 6), the events occur in an interval of
magnitude between 2.2 and 2.3. The events are
cut off below a value of .8 (the minimum mag-
nitude recorded by the ING network and below
which the signal is considered to be background
noise).

From the diagram of epicentre distribution
(fig. 7). it is possible to observe that the region
being studied is characterised by widespread
activity and also that it has no aseismic areas.
The areas with the highest concentrations of
activities, as shown by red ellipses, are:

— The Romagna sector, around the provin-
cial town of Forli.

— The Apennine Tusco-Umbro-Marchian
sector, which extends from NW-SE following
the general direction of the mountain range.

13° 14°

44°

43°

" Urbir®

oy

Vs

® Magnitude<3.0

Fig. 7. Epicentre distribution of the events recorded by the Centralised National Seismic Network (RSNC) in

the period January 1990 - April 1996.
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— The Southern Marche sector, including the
Sibillini Mountains and thereby the highest el-
evations of the area under examination.

The Montefeltro area (coloured in green in
fig. 7) lies between areas marked by notable
seismic activity and is characterised by limited
values in terms of intensity and frequency (Con-
sole et al., 1992). Until a short time ago, this
area was considered to be totally aseismic. The
Umbria-Marche area is affected by dual seismic
activity which makes it possible to identify
areas with distinctive tectonic styles. The areas
of the Apennine ridge are, in fact, affected by a
distensive tectonic phase, as is also shown by
the focal mechanisms of the earthquakes in the
Val Nerina (1979) and in Perugia (1984), both
of which are characterised by a normal fault

12°

mechanism with a distension axis in an anti-
Apennine direction and a vertical axis of max-
imum compression. On the contrary, the areas
of Forli and Ancona are characterised by seis-
micity that is essentially associated with trans-
pressive and compressive type deformation
(Lavecchia and Pialli, 1981; Gasparini and
Praturlon, 1981; Frepoli and Amato, 1997), in
spite of the fact that focal mechanisms relative
to the event of Ancona (1972) and the sequence
of Porto San Giorgio (1987) are still not yet
clear (due to the scarce number of stations in-
stalled and of the fact that the epicentres were
located in the sea).

It is important to note that the microseismic-
ity of the portion of the Central-Northern Apen-
nines studied is characterised by repeated event

13° 14°

O
BOLOGNA

44°

&

R\
\

g O |
Igil@lz

. ANCONA

1

-
O Magnitude 5.0-5.4 Magnitude 5.5-5.9 Magnitude 6.0-6.4

Fig. 8. Historical seismicity of the examined zone, with a magnitude M = 5.

515



Stelano Santini

sequences (swarms) which occur i the same
zone and are separated by extremely reduced
time intervals. This response to stresses can be
attributed to a particular crustal structure at more
superficial levels, since the events occur for the
most part in the first 15 km. This is in agreement
with the hypothesis that the presence of sub-
crustal earthquakes, distributed along a plane
dipping from the Adriatic towards the Tyrrhe-
nian with a slope of approximately 40°-45°, is
related to the subduction process of the Adriatic
lithosphere under the Apennine arc (Amato and
Selvaggi, 1991). A hypothesis of this nature is
confirmed by further seismological evidence
such as the anomalous propagation of surface
waves as well as tomographic studies. In spite
of this particularity, it is easy to observe a seis-
mogenetic level between (} and 15 km, inside
which practically all earthquakes are concen-
trated. Activity, therefore, results as being most-
ly due to surface sources.

7. Conclusions

In the last few years it has been generally
agreed that there is a west-verging subduction
under the Apennines, as demonstrated by sever-
al authors who have considered different geo-
logical and geophysical evidence (Spakman,
1989; Serri, 1990; Giardini and Velona, 1991;
Selvaggi and Amato, 1992). This subduction
has its motor in a westerly expansion, whose
casterly progression is obstructed and the deep-
er part is dragged by its own weight.

In particular, in the area considered (fig. 7)
three zones with a high concentration of seismic
events can be highlighted as follows:

— Zone A, inland Romagna, corresponding
lo the area surrounding the town of Faenza;

— Zone B, the central pedeapennine belt,
which can be compared to the epicentral area of
the 12 March 1873 earthquake (fig. 5);

— Zone C, north of the Sibillini Mountains,
defined by the neotectonics of the Southern Marche.

The absence of macroseismic events in the
Montefeltro area, is confirmed by the absence in
the examined zone of historical events, with
magnitude M = 5 (Boschi er al, 1997), as
shown by the blue ellipse (fig. 8).
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Further, from the overall data, it is possible
to infer the presence of a microseismic basin in
the Montefeltro area. This basin is essentially
dominated by compressive tectonic structures.
Furthermore, the seismological data seem to
define a «quiet» segment, separating the exien-
sive und compressive zones, with a low concen-
tration of seismic events.

In conclusion, the considered area is charac-
terised by low values of the magnitude and fre-
quency of seismic events; but it is placed be-
tween areas with an appreciable seismic magni-
tude and then it can be affected by events with
epicentres in the border zones.
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